5.11.2 Present Conditions_in the Four Districts

(1) Ma'alla District

Ma’alla district spreads east to west along the Inner Habor coast line. An
area north of the Ma’alla Main Road facing the harbor is occupied by port
facilities. Areas south of the Main Road are residential and commerclal

areas except for an oil tank area in the west.

There are four pumping stations in operation in the district. Three pumping
stations have centrifugal pumps and the other have ejectors. All sewage in
the disfrict are collected atithe Hedjuff Main Pumping Station and then
disposed of to the sea by an ocean oulfall. The pump well in the'pUmping
station is an open structure and heénce structural damage by hydrogen
sulfide:gas is not so obvious. However, an inlet pipe (400 mm dia.} was
broken and comminuters went out of order by hydrogen sulfide gas attack in
the past. Structures of the ejector pumping station are also similarly
damaged. Supply of spafe parts for mechanical equipment, particularly for

the ejector is difficult to obtain because models are obsolete.

Diameters of sewer pipes in the district vary 150 to 600 mm, and they are
made of CIP, VCP, CP and ACP. Total length of sewer plpes is approx1mate1y
20 km, with approximately 450 rectangular type manholes. Trunk sewers
(mostly 380 mm dia.) running under the paved parking areas between the main
Road and buildings are deep with covering depth of more than 4 m. Most of
the branch and lateral sewers are small in diameters (150 to 225 mm) and

shallow (minimum covering depths are 50 to 60 cm).

There are relatively high elevation areas in the western part of the
district. A sewer line from Alsaphi and Alzaton areas dlscharges into the
outlet well at the Hedjuff Pumping Station and flows directly to the sea
without being pumped.

The  ocean outfall from Hedjuff Pumping Station is ACP, and is 460 mm in
diameter and 300 m.in length. These pipes are supporied by concrete beds.
At pfesent, sewage leaks half way down of the line bebause of the clogging
in top end. Sea water around the leak is heavily polluted and bubbles of

methane gas and smell of gases are obvious.
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(2)

Hydrogen sulfide gas generation is so serious in some localized areas in
the district. Death of two workers who do pipe cleaning and'féll down and
fainted have been reported. Attempts were made to measure the concentration

of hydrdgen sulfide gas in these manholes but it resulted in failure as the
concentration exceeded the limit of testing device of 200 ppm. High
concentration of hydrogen sulfide gas was caused mainly by septicity of
sewagé‘produced in upstream septic tanks. Subsidence of a manhole and paved

road caused by corrosion of slabs have been reported.

“There are three séparate sewer lines for stormwater run-off. These pipes

eross:the Main Road to discharge stormwater run-off collected upstream and
downstream of ‘the Main Road. Of the three pipe linesj one line 1is at

present clogged and not in use.

Two sections of the proposed force main route, one between Ma’alla and
Tawahi, another near Dakka in the eastern part of the district, skirt along
the edges of steep mountain. Excavation of rock might be necessary for

installation of force mains.

In the district, around 50 sweepers passages still femain.-Total length of
thesé'open-éhannels are approximately'2,500 m. Septic tanks are prdvided at
the end of'the sweeper passages on the road side. Around 280 households are
connected to sweeper passages and served by bucket system for their night

soil collection,

In addition to the sweeper passages, there are two unsewered areas: in
Ma’alla named Alshuly and Alhabil both of which are located on the hillside
south of the Aden Ring Road. Approximate number‘of househoids and residents
in Alshuly area are 100 and 450, and those in Alhabil area are 287 and
1,077 respectively. Sewage in these areas is disposed of by soalk pits and

buket systems remain for night soil collection.
The existing sewerage system in Ma’alla is illustrated in Figure 2.12;
Tawahi District

Tawahi district is surrounded by steep hills, and flat lands facing the sea

are generally narrow. Large areas in the south of the districet are bccupied
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by military and ministries, and hence residential areas are 1imited. The
digtrict is divided into small catchment areas which have individual ocean
outfalls. Because of the nature of the catchment areas, sewage collected in
the district is swiftly disposed of to the sea. Therefore, corrosion of
structure and équipment caused by hydrogen sulfide ‘gas is not so serious as

in the other districts.

There are seven pumping stétions in operation at present. Thesé are small
in capacity. Of the seven pumping stations, éix are located in the
military and-ﬁinistry areas. Four pumping stations are equipped with
centrifugal pumps, while the remaining three are equipped with ejectors.
Structures and pump units have deteriorated and a pumping station is
operated by a temporary potable pump..Rehabilitation of these pumping

stations is urgently needed.

Most of the sewer pipes in the district were installed in 1963. These pipes
are 150 to 225 mm in diameter and materials are CIP, VCP and ACP. Total
length of the sewers except for.those-in the military and ministry areas is
approximately 7 km. They are generally installed at shallow depth, with
covering depths of 50 to 60 cm. About 300 rectangular tyﬁe manholes are

provided in the sewer network:

A sample of an old force main pipe where a section had been reduced to one
fourth of the original section was collected from Tawahi. Damaged DCIP and

‘ACP by hydrogen sulfide gas were also replaced in the past.

.There are five ocean outfalls discharing sewage to the sea. In addition té
these, there is one outfall in the 'military area which hés' completely
broken. Sewage.from the. force main streams down the cliffs. About 80
sweeper passages still remain in the district. Septic tanks are provided at
the end of passages on road side. Total length of the sweeper passages is
approXimétely 2,400 m. Bucket system for the night s0il colleetion serves
about éﬁo_households.

The existing sewerage system in Tawahi is illustrated in Figure 2.13.

(3) Crater Distriet
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(4)

Crater distriet has a very favorable topograpic location for a sewerage
system. The district is 1bcated on an old crater, and most of the areas in
the district have gentle slopes which meet at one point. New sewer lines
were constructed in 1963 and the old sewer pipes were connected to new
lines. These old and new sewer pipes are well maintained and generally in

good condition,

There was one ocean outfall in the Front Bay area which discharged sewage

{0 the Front Bay. This ocean outfall is not used at present and sewage is

pumped to the Main Pumping Station. All sewage produced in Crater district
flow inté the Main Pumping Station and then sent through a long oeean
outfall for. the final disposal to the sea. A long force maih'pipe made of
CIP running along roéky seashore in Holkat Bay discharges sewage off the
shore. External surface of the'pipes are éorroded significantly by winds

from the sea.

There are two pumping stations in the district, one in- the Front Bay area
and the Main Pumping Station. Crater Main Pumping . Station is the largest
one in Aden. Both pumping stations have deteriorated and need to be
rehabilitated. Cracks and peeling-off of the concrete caused by corrosion
of steel bars are observed_in the pump well of the Main Pumping Station.

The structure of the other pumping station is damaged by winds from the

sea. -

Sewer pipes installed in 1963 are 100 mm to 750 mm in diameter_and made of
ACP. Total length of sewer pipes is approximately 7 km. A total of 88

rectangular type manholes are provided in the sewer network. -

All the sweeper passages in the districts have been improved and there are -

no open channel collection system.

The existing sewerage system in Crater is illustrated in Figure 2;14.
Khormaksar Distriect

Khdrmaksar district is the most recently developéd among the four

districts. A huge area north of the district is occupied by the Aden

international airport. There are large military and ministry areas in the
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district. The district is bounded on the west by Tawahi Bay and on the east

by Gulf of Aden. Topography of the district is flat and low-lying.

The district is divided into small sewerage areas each haﬁing a small
pumping station. Sewage collected by the pumping stations are punped to the
next pﬁmping station and finally transferred to the comminuter station. A
total of 20 pumping stations and force mains connecting them form an

interlacing network. All of the pumping stations are small in size.

Sewage pumped to the comminuter station flow down to the ocean outfall and
are discharged into the sea. This comminuter station was once sealed up to
prevent odor nuisance to nearby residents. However, this counter measure
worséned corrosion of the structures sinée hydrogen sulfide gas was
confined in the station. Steel hars are exposed and rotting on the ceiling .

and walls,

Mechanical equipment and structures of the pumping stations have
deteriorated badly. Temporary potable pumps have been brought into some
pumping stations to replace broken down pumps. Corroded structures have

also been replaced by timber.

- Sewer pipes are 100 mm to 400 mm in diameter, and made of ACP. Total length
excluding those in the military areas is approximately 18 km. A total of
164 rectangular manholes are installed in the network. Because of the flat
nature of the district and:pump and force méin sjstem, and the consequent
septicity of the sewage, ACP pipes have been subjected to hydrogen sulfide
gas attack for a ldng time. Subsidence of roads caused by broken pipes are
reported at many locations, and repair work has been carried out by the

Aden Municipality.
There are no sweeper passages in the distriet.

The existing sewérage system in Khormaksar is illustrated in Figure 2.15.
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2,12 Envirommental Iséues

Until quite_recently, environmental protection has not been an important issue
to thé Government of PDRY. The main reasons for this can be attributed to the
fact that most of the land had been sparsely populated and industrialization is
an infant stage and limited to locality, and thevefore, environmental
pellution has not been a serious problem in PDRY, Howevér, as population has
cdntinued‘to increase and industrial developwent has taken place, the
gbVernment of ‘PDRY and inhabitants in urban area as well, particularly in Aden,

have become aware of the adverse effects of development.

Under the.circumstances, the first step taken by the Goveranment was the
estéblishment_of the National Envirommental Council (NEC) in 1976 under the Law
No. 13. This Law, however, has never been enforced and replaced by Law No.8 of
1984. Under the new Law No.8, the National Council of Environméntal Protection
(NCEP) ﬁas established. The main functions and competence of NCEP are set out

in Articles 6 and 7 of that Law, respectively.
1) Functions (Article 6)

~a. to study causes and environmental elements surrounding man and awimal

which may causé harm to them.

b. to protect land, water and air from any activity which may cause

direct or indirect pollution.

¢. to ensure observance of laws and regulations concerning environmental

protection, etec,

d..to ensufe safety in the preparation of poisonous materials, the
importatioﬁ of noxious materials which may cause harm, the sale,
transport, use and disposal of them in accordance with laws and
regglations relevant to the envirommental health and the approval of

concerned bodies.
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2) Competence (Article 7)

a. to prepare legislation for the protection of the environment in

‘ecootrdination with variocus concerned bodies.
b. to seek advice from experts and specialists

c. tO'diféct the'activities of éoncerned bodies towards protection of the

environment.

d. to issue orders to anybody to suspend, reduce or minimize a specific

activity for the benefit of the environment.

The NCEP in principle is only ‘a pdlicy— and decision-maker in the field of the
environmental and thereby can not ensure_bbservance of laws and regulatiomns
concerning the'pfotection of the environment. In 1984/85, it had been suggested
that a new department-attéched to the Ministry of Public Health be established.

However, this suggestion has not beéen realized witil now.

In February 1989, the natiomal seminar on "Bnvironment and Sustainable
Devélopment“'was jointly conéened by the government'of PDRY, represénted by the
Ministrj of Public Health, and UNDP in Aden. The seminar was attended by senior
membérs of YSP organs, members of the cabinet, representati#es of UNDP, UNEP
and other relevant UN organizations. The agenda of the seminar covered various
envirdnmental issues comprehensively. The seminar made the declaration and, in
its framework, recommendations for institutional arrangement, strategy and
policies, legislations, research and studies, short term action plan,

environmental awareness, education and training ete.

The seminar was an épochfmaking=event which, as is stated in the report, "is a
true expression of the high concern of the goVernment of PDRY attaches to the
enviromment, and her Kkeen attitude regarding -resource devéiopment and her
spontaneous response to translate that into useful action that serves the issue
of environment and sustainable development" (Ref. No.17).

The NCEP has been reactivated. The new environmental law has been drafted‘énd
distributed recently to 'all the ministries concérned for their réviéw. The

office of the NCEP secretariat opened in August 1989 with full time staff
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assigned from the ministries concerned.

There is no law nor regulation which stipulates environmental quality standards
in a quantitative manner regarding air, water, soil or any components of the
enviromment at present in PDRY. Water 'quality standards for specific
wastewaters, such as effluent from sewage treatment plant and industrial

wastewater, have yet to be regulated.

The laws and regulations in connection with the envirommental protection are
expected to be legislated or amended in accordance with the recommendations
made by the seminar. In this respect, water'quality standards both for natural
water bodies and for wastewaters are to be regulated. In addition, the role of
the sewerage s&Stem in connection with environmental protection, reduction of
pollutants which will 6therwise cause water pollution and production of useful
"water resource for greenery projects, are td be clearly defined in the amended

laws and regulations.
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2.13 Green Belt Project

An integrated green belt and agriculture project by utilizing treated sewage
from the sewage treatment plant has been planned and implemented in Aden. This
project involves the phased develppment of a combinedigreen belt.df a 25 km
long, 250-300 m wide and agricultural land for crop cultivation and fodder
grazing for up to 60,000 heads of livestock. The green belt will have three
parallel lines of trees, 5-10 m in width with agricultural and grazing aréas in

between.
Objeetives and benefits of the project are as follows (Ref.17).

- use of the sewage effluent as a fertilizer which would:otherwiSe be

released in Aden harbor, i.e. prevention of further pollution.

- an early and effective contribution to the provision of new agricuitural

land for crops and grazing

- provision of a windbreak and environmental screening to the recently

completed sewége treatment plant

~ lessening of air-borne dust pollution around Aden, especially in the

period of monsoon winds, i.e. improvemeni in health
- provision of amenity and recreation areas
- .ereation of new natural environment for florﬁ and fauna
- supply.of wood and animal fodder

- provision for demonstration of integrated developmeni applicable in other

areas
- making the sewage treatment plant lie within an environmental control zone
The gfeen belt project is to be impiemented in two stages, the first stage from

1988 to 1994 and the second from 1995 onward. The first stage is further phased

into three phases. The projeci areas under each stage and phase are as follows
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‘and shown in Figure 2.16.

Stage'l Phase 1 West and north to the Al Shaab STP, 180 ha
(1988 - 1989)
"Phase 2 From Little Aden to north to STP, 300 ha
(1990 - 1991)
Phase 3 From north to STP to Abyan Road, 300ha
(1982 - 1994)
Stage 2 (1995 - ) Inside the urban areas, e.g. around industrial

areas, power statibn_and houses. Details yet to be
decided, '

Experimental work to investigate appropriéte irrigation methods and kinds of
trees have béen carried out by Aden Municipality Since 1986 when Al Shaab STP
started operation. Currently, phase 1 of the project is under way. A total of
12,000 trees have been pianted up to now. Beéause of the proximity of the
project site to the treatment plant, effiuent is pumped from the discharging

channel o the open irrigatioh channel .

Aithough the project was alreédy started,.there remains many problems for the
succéssful: implementafion- of the project, such as financial and technical
problems. The project cost over the next five years has been estimated to be
approximately US$ 3'million, but no financial sources are available at pfesent‘
ACCuMulation of the data and information bases for planning and design is

insufficient.

Considering the benefits that can be derived from the project, these problems
shouid be resolved as 566n as.possible. Indeed, the.Aden Municipality is
exerting itself with cooperation from the local and international authorities
'COncefned to continue the pfoject. Further coordination should be sought to

integrate the Ma’alla and Tawahi sewerage project to the green belt project.
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Figure 2.16 Green Belt Project
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'9.14 Other Public Services

2.14.1 Roads

All the roads in Greater Aden are under the responsibility of Highway
Authority, Ministry of construction. Construction and maintenance of roads is
carried out by the Authority. On the other hand, Environmental Health
Department of the:Aden Municipality is responsible for cleaning of all roads

within the Municipality.

Urban centers in Greater Aden which are rather isolated are linked by a road
network. Roads may be classified by Lheir impoftance into two categories, viz.
main roads and lateral roads. Main roads are those linking urban centers such
as Ma’alla, Tawahi, Crater, and Khormaksar, and further linking Greater Aden
with other governorates. Lateral roads are a subsystem of the main roads

serving local traffic.

There are several main roads-in the study area. From west to east, a main road
from Tawahi passes through Ma’alla and reach Ma’alla roundabout at the east end
of Ma’alla. From the roundabout, one main road goes to Crater, crossing over a
steep pass. Another main road from the rouhdabout_runs along the coast to reach
Khormaksar roundabout in front of Aden Hotel. This route further connects to

the causeway going northward to Al Mansura.

The Abyan roéd starts from Crater running northward along the eastern coast of
crater and Khormaksar and further up to the Abyan governorate. There are two
short sections of.the main roads in Khormaksar which connect to the causeway
and the Abyan road. A new malin: road, calied Ring road is expected to open

shortly from Ma’alla roundabout to Gold Mohr beach.

Main reoads are classified into two types by structure, viz. dual carriageway
_ and single carriageway. Dual carriageway type has_benter zones which separates
the two carriageways. Both types of roads are usually provided with sidewalks

on both sides.
Lateral roads are also classified into two types, viz. two-lane and four lane.

In addition to major lateral roads, there are a number of small roads, with

varying widths, which makes up the road network.
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All the main roads and most of the lateral roads in the study area are paved.
There are'various kinds of pipes and cables under the roads, such as water
supply pipes, séWers, oil pipes, electric cables and telephone'dablés.,Theée
are buried mainiy under the sidewalks of the roads, bup some of are them under
the carriageway. Use of the carriageway of the main roads for pipe laying is,

in general, prohibited by the Highway Authority.

2.14.2 Electricity Suhply

The electricity supply in Greater Aden is the responsibility of Publie
Corporation of -Electric Power (PCEP), under the Minisiry of Enérgy and
Minerals. PCEP is also responsible for development and operation of the

electric'supply projeets in Gfeater Aden as well as in the whole country.

There are three power stations in Greater Aden. Generating capacities of the

stations are as follows.

Khormaksar 4 MW X 4 units Diesel engine
2 MV X 2 units Diesel engine
Al Mansura 8 MW X 8 units Diesel engine

Hiswa 25 MW X 3 units - Steam turbine

At present, expansion of Hiswa Power Station iS under:way and additionél two
units of 25 MW generators are to become operational in . 1990. The desalination
plant is being constructed next to the power station utilizing.steam from the
station for evaporation of sea water. The first two. evaporation batteries have
been completed and are now ready for operation. Desalinated waler IWill be
blended with groundwater to be used for water supply.

The total capacities bf_the power stations are sufficient to meet preSent
electric demand in Greater Aden. Extension of the Hiswa Station will meet the

increased requirements in the next fivé years.
PCEP has a high voltage (11 kV) and a medium voltage (415) grid system for

electric power supply in Greater Aden. All of the urban areas and their

vicinities are'supplied with eléctricity.
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Electxlclty tariff collected from the consumers are classified into five

categories. Classification and tariff rate of each category are as follows.

{1} Local Domestic : 100 kWh or less 16 Fils/kWh
"~ more than 100 kWh 27 Fils/kWh

(2) Toreigners 60 Fils/kWh
(23) Commercial 60 Fils/kWh
(4) Agricultural o 8:00 - 14:00- 35 Fils/kWh
racilities 14:00 ~ 17:00 25 Fils/kWh
17:00 - 23:00 35 Fils/kwh

23:00 - 8:00 25 Fils/kWh

(5) Temporary Supply 150 Fils/kWh

The electric supply for the sewerage facilities, such as pumping stations and
sewage treatment plants, comes under the commercial , while construction work,

comes under temporary supply rates.

2.14.3 Solid Wastes Disposal

Collection and disposal of solid wastes is managed by the Cleansing Section,
Environmental Department 6f Aden Municipality. Street cleaning is also managed
by the Municipality. However, the Municipality. is not responsible for these
duties in military ahd police camps. These are provided with. their own
facilities for collection and disposal. In addition, disposal of industrial
wastes which are deemed to be hon—domestic in nature is not the responsibility
of the Municipality. Some of the industrial wastes are collected by the

Municipality under contracts with factories.

Aﬁproximately 200 ton of solid wastes are collected daily at present. However,
| wasfes production in households and othef_ premises 1is considered more than
those coileétéd, since there are some areas where collection service is not
aVailable.:Moreover, the Municipality suffers continuous shortages in number of

laborers and vehicles.
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Solid wastes from houéeholds and other premises are put into plastic bags and
then these bdgs are put into plastic bins located on the sireets. Collection
vehidle, mostly compaction vehicles collect wastes from bins to transport them
to the disposal sites. Each of the collection gangs is allocated a fixed number

of streets or premises to clear.

In low income residential areas on the hillsides, golid wastes collection
service is very poor or non-existent. Rubbish is piled up in-the vieinity of

houses.

There are iLwo so0lid waste disposal sites in Greater Aden, Dar Saad and Al
Mansura. Dar Saad disposal site is designed for sanitary land fill. However,
hecause of shortage of operating machines, this site is not used at present.
All the solid wastes collected are dumped and burned at the Al Mansura site

causing sometimes nuisance to the nearby inhabitants.
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2.15 Need for the Project

At present the four districts in the study area are provided with water borne
sewerage systems, most of which were constructed in early 1960s. Sewerage
facilities have been well maintained,. thanks to the cfforts made by the
Municipality. However, some of the facilities have deteriorated to a extent
which needs urgent rehabilitation and improvement, since no major improvement

work have been carried out since then.

Open channel sewage collection systems called "sweeper passage" still remain in
various parts of the study area, and this Ssystem expoées the .inhabitants to
publie health risk. Night soil collection adopted in a limited number of
unsewered areas poses a public health hazard. Sewage and sludge remcval from
defective sections of network caused by broken pipes or pumps not only compels
the residents to suffer incOnvenienée, bt also burdens the Municipality with
unnecessary outlay. Improvement of these deficient facilities is of urgent

need.

All ithe sewage collected by sewer networks in the study area are discharged to
the sea without any kind of treatment. Disposal of raw sewage into the sea,
particularly into the Inner Harbor, causes complaints from many authorities
concerned, including YPA:and‘Highway Authority. Although pollution caused by
raw sewage disposal is limited to localized areas at prescnt, water pollution
will no doubt spread to wider areas with increasing sewage flow in the future.
Since the study area is at the center of the national capital; discharge of raw

sewage to the water front should cease as soon as possible}

In Aden, development'of water resources is in a eritical condition because of
the scarcity and limitation of available groundwater sources. Use of
desalinated sea water Iis fdrthcoming, in spite of the very high productibn
cost. If treatment is provided for sewage preséntly dumped into the sea,
treated effluent can be reused for'many purboses, e.g. growing greenery in the
vicinity of treatment plant. Reuse of treated effluent will greatly contribute

. to the preservation of limited water resources.

Ih View of the abové, the sewerage system improvement project in the study area
is to be initiated immediatély. If no action is taken immediately fo improve
the existing sewerage system, the sanitary condition and the water pollution,

which is already quite bad, will become progressively worse,
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CHAPTER THREE

PLANNING CONSIDERATIONS

3.1 Introduction

This section deals with the.planning fundamentals for the sewerage system in
the study area. In order to estimate the sewage flow rate and its
characteristics, population projection up to the year 2010 was made. Previous
population projections made by various studies were reviewed together with the
latest Census.data. Population projection made by DPS 2010 turned out to be the
most precise one, as the bhasis for seWerage planning, since the projection was
bésed on detailed land use. The land use plan developed by DPS 2010 was also
utilized for determination of locations of sewerage facilities, particularly

selection of the sewage treatment plant site.

To estimate sewage flow rate for the design of the components of the sewerage
system, the water supply master plan was reviewed in detail. Future per capita
sewage flow was estimated based on the projection of per capita water
consumption made by the latesl water supply master plan. The water supply
master plan projected three different consumptions, viz. high, medium and low
consumption, based on various hypotheses regarding pdpulation and per capita
consumption. For the design of sewerage facilities, high projection.was

congidered to allow for reasonable system allowance.

-Population equivalence to be used for the estimation of the sewage flow rate
from public organization was calculated from water consumption levels in the
:water supply master plan for the sake of sewerage planning. Infiltration flow
to the sewerage system was estimated for specific areas using the unit flow

rate internationally accepted.

Raw sewage characteristies, particularly organic load in term of BOD, were
determined taking into account the results of water quality analysis conducted

by the study team and recommendations made by WHO.

Alternative: plans for possible sanitation systems were evaluated to find out
the most appropriate system for the study area. Evaluations cover broad topies,

such as on on-site sewage disposal and central sewerage system, and separate



system versus combined system.

Finally, in this section, design eriteria to’ be used for the design of the

sewerage system is recommended.

3.2 Definition of the Study Area

As defined under the Scope of Work for the study, the study area for the long
term progrmﬁ up to 2010 encompasses the four districts'in_Greater Aden, viz.
Ma’'alla, Tawahi, Crater -and Khormaksaf. The study area for the feasibility
study was initially limited to Ma’alla and Tawahi districts when the study was
commenced, however,; Khormaksar district was added later in the course of the

study by an amendment to the Scope of Work.

The areas to be served by the sewerage systém by 2010 are essentially‘the-same
as the urbanized areas envisaged in bPS 2010 prepared by the_Town Planning
Section of the Ministry of Construction. Land use plan in 2010 is described in
the next section. Most of the future urban areas in the study area have already
been developed. A sizable area that is presently séashore in Khormaksar, east
of the causeway up to the éirpoft is reserved for future residential area and
environmehtal control sone. Future residential area is to be -re¢laimed and
developed at a later stage in' the development. This area is incldded*in the
planning area. An area within environmental control 2one will not be developed
by 2010. ‘ ' '

In addition to the planhing area'mentidned above, various ouiside areas from
where sewage flow into the planning area are defined as extra'éatchment areas.

Mosi of these are mllltary ‘and pollce camps both inside and outside the
planning area. A small v1llage named Al A11sh near the alrport junetion is one
of the extra catchment areas. D951gn of a sewerage system- in the extra
catchment areas is out of scope of the study. However, sewage flow from these

areas are included in the design of sewerage'systems in the Study'area.

The planning area in the four distriets totals 1,105 ha, of which 86 ha is
undeveloped area in Khormaksar as shown in Table 3.1. Fxtra catchment areas
total 421 ha. The extent of the planning areas in each distriet, inclusive of

extra catehment areas, are shown on Drawing No. 1 in Volume Four.



Table 3.1 Planning Areas for the Study

Planning Area (ha)
Future Land Extra Catchment Area
District Sewerage System  Reclamation Military or Qthers
: Police Camp

Ma'alla 279 - - -

k1
Tawahi 87 - 119 -
Crater 235 - - -
*2 )\-3
Khormaksar 418 86 181 121
Total o 1,019 86 300 121

Note %]1: Military camps are located outside the sewerage planning area.
*2: Components of the area are;

.Badr Camp 102 ha (inside the sewerage planning arca)

Tareq Camp 62 ha (inside the sewerage planning area)

Police Canmp 17 ha (outside the sewerage planning area)
*3: Comporents of the area are; .

Isthmus Camp . 118 ha {cutside the sewerage planning area)

Al Arish Village 3 ha (outside the sewerage planning area)
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3.3 Population Projection and Land Use Plan -

3.3.1 Nationwide and Greater Aden Population Projection

The latest population census was ‘carried out in 1988 and the population of six
governorates were recently published in the Preliminary Report by the Central
Statistical Organization. These population figures together with those of the

previous census in 1973 are as follows.

Table 3.2 Governorate Population from Census Figures

Governorate Population Annual Growth Rate

1973 | 1988 (1973 to 1988, %)
Aden 291,376 (18.3) 418,755 (17.9) 2.4
-Lahéj ' 273,311  (17.2) 533,984 (22.8) 4.6
Apyan | 311,142 -(19.6} 337;766 (1;.4). 0.5
Shabwa 161,966 (10.2) 253,836 (10.8) 3.0
Hadramout 491,304 (30.9) 703,151 (29.9) 2.4

Al Mahra 60,876 ( 3.8) 97,834 ( 4.2) 3.2

PDRY Total 1,590,275 (100) 2,345,266 (100)

o]
[=2]

Note: Figures in parentheses are percentagés of population

Source: Preliminary Census Report, CS0

Total population of PDRY in 1988 was 2.36 million. Total population includes
those abroad at the time of the investigation. Absent citizens amounted to

approximately 0.24 million or 10.2 % of the total popUlation.
During the 15 year period from 1973 to 1988, nationwide population increased by

0.75 million or by an average annual growth rate of 2.6 %. However, population

growth in the respective governorates varied significantly. The highest growth
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rate of 4.6 % was recorded for Lahej governorate, whereas the lowest increase

was as low as 0.5 % for Abyan governorate.

In Aden Governorate, Lhe population increase for 15 years was 127,379, or 2.4 %
" annual growth rate, which is siightly lower than the national average of 2.6 %.
Consequently, the percentage of Aden Governorate ‘population to the total
population'décreased slightly from 18.3 % in 1973 to 17.9 % in 1988. It sheunld
be noted that Aden . Governorate consists of two different parts, Greater'Adeﬁ on
the main land and Socotora TIsland. The population in Socotora Island in 1973
was 51,006, but that in 1988 has yét to be published.

The Central Statistical Organizatibn estimated the nationwide and governorate
populaticn based on_the 1973 census record and a uniform annual growth rate of
2.6 %. This estimation proved to be correct for the total population in PDRY.
However, population estimation in the six governorates up to 1987 published in
the Statistical Year Book are not found to reflect actual movement of
population. Moreover, further breakdown of poﬁulation estimation by using a
flat growth rate into smaller districts might have deviated from real figures.

As projectéd_in'the Book, population of PDRY in the year 2000 will be 3.19
million, based on an annual growth rate of 2.6 %. If this growth rate continues
for the next 10 years up to 2010, total population will increase to 4.13
million. These are 1.36 and 1.76 times the population in 1988, respectively.
Moderately high growth rate of 2.6 % used for the projection can be justified
congidering the present population composition where the younger age group

under 15 years accouﬁts-for 43 % of the total population.

Since there is no population projection for Greater Aden based on the 1988
census data at present, projections made for DPS 2010 is referred to and
modified. In DPS 2010, future populaiion in Greater Aden up to 2010 was

estimated based on the following assumptions.
(1) Population in 1973 by census was 240,370.

©(2) Population in 1980, the base year for the scheme was estimated fo bhe
286,123 based on the annual growth rate of 2.6 % from 1973.



(3) From 1980 to 2010, population would increase at a higher grdwth rate of
3.0 %, since wvarious functions of the national eéapital wouid'attract
migration from other governorates. From this assumptlon, the populatlon
would: reach 516,000 and 694,000 in 2000 and 2010 respectlvely

(4) After land use plan (Variant IV) had been worked out, populatioh
préjedtion'was reviewed, and taking into account reasonable bopulation
densities in residential areas, modification was made to the pépulation
projection. As a result, population in 2010 is finally projected to be
867,000, '

The population projections made by DPS 2010 are shown in Table 3.3 and Figure
31, . .

Although the population in Greater Aden. in 1988 is yet to be published by CS0,
it can be. estimated by the two following ways. Firstly, on an assumption that
the population in Socotora Island in 1988 accounted for the same percentage to
the total population as in 1973, total population in Greater Aden was
approximately'346,000. Secdndly,ron.an assumption that popuiation-in-Greater
Aden ‘increased with an annual rate of 2.4 %, which is equal to that for Aden
Governorate from 1973 to 1988, the total population is 343,000. From these
caleulations the population in:Greater Aden in 1988 can be estimatéd to be

approximately 345,000.

DPS 2010 estimated population in Greater Aden in 1988 to be approximately
362,000, which means that DPS 2010 over-estimated the present population by
approximately 17,000, If DPS 2010 population pronCtion was modified according
to the present population of 345,000, populations in 2000 and 2010 would be
482,000 and 661,000 respectively with an annual growth rate of 3.0 %;.Farthér,.
if the annual growth rate is assumed to be 4t the present lever.of 2.4 %, it
will decrease to 459,000 in 2000 and 581,000 in 2010. '

Therefore, the populétion in Greater Aden is most likely to be around 600,000

in 2010.. Thus, ihe popu1a£i0n of 867;000 estimated by'DQS_2010'éan be
considered as the maximum population when the urban areaé are fullj'deﬁeloped
as indicated in DPS 2010, which are shown in Table 3.4 and Flgure 3.2 1n the

next section.
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Table 3.3 Population Projection, PDRY and Greater Aden

Greater Aden
Year PDRY DPS2010 Modified DPS2010
{(3.0%) (2.4%)

1973 1,590,275 1 240,370%1

1980  1,903,279%% 286,123%2
1988 2,345,26671 362,000%% 345,000%* 345,000"
1990  2,460,000%2 384,000%% 358,000 362,000
1995  2,797,000%2 446,000™% 424,000 407,000
2000  3,180,000%% '516,000™% 492,000 459,000
2005 3,616,000%% 599,000%% 570,000 516,000
2010 4,111,000%% 694,000%% 661,000 581,000
. %5
(867,000)

4

Note: *1 Census data
*2 Annual growth réte of 2.6%
%3 Annual growth rate of 3.0%
*4 Estimation by the study team

%5 Final estimation according to Variant IV
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3.3.2 Land Use Plan in 2010

The Greater Aden area is divided into four districts for the planning. purposes
in DPS 2010. The study area comprising the four city districts of Ma'alla,
Tawahi, Crater and Khormaksar forms Planning District I. The overall land use
plan established as Variant IV by DPS 2010 is showh in Table 3.4 and Figure
3.2,

As shown in Table 3.4 and Figure 3.2, present and future developments are
cdnéentrated in Planning Distriet II, which is located in the northeastern and
the central parts of Greater Aden, consisting of six new city districts of
Sheik Othman, Dar Saad, Al Mansura, Bir Fedel, Al Arish and Caltex.

On the other héhd,:future expansion of the urban areas is very limited in the
study area. This is mainly due to the topographic condition of the study area.
Three districts, viz. Ma’alla, Tawahi and Crater, are surrounded by barren and
ragged mountains. Steep hillsides around these districts are unlikely to be
developed in the foreseeable future for housing, industrial and other usual

purposes exceplt for special facilities such as tourism and military.

Khormaksar district lies on flat land, and the airport forms the physical
boundary of the district. Although removal of the airport from the present
location and construction of new one outside the urbanized area is recommended
by.DPS 2010, expanéion of the Khormaksar district will be physically limited by
the airport till the year 2010, most likely many years later than 2010.

Land reclamation has been carried out along the seashore in Ma’alla since the
Britiéh‘era in 1950s, and work is still continuing in some parts. Most of the
reclaimed land ié earmarked as port area to be used for port related
activities; such as wharves and warehouses. A sizablé area northeast to the
causeway in Khormaksar, presently séashore, is reserved for'future urban
development after land reclamation. Development of the area for housing and

a public center is expected by 2010, but at later stage.

The study area has already been urbanized fully until now and future
‘development is limited because of the physical restraints. Therefore, no
significant expansion'of urban area or change of present land use is envisaged

in the study area up to 2010.
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Residential and public zZones in the study area will increase to 841 ha in 2010
from 755 ha in 1980. Most of the increment is development on presently vacant
areas in the urban areas. Land use dotails in residential and public zones are
shown in Table 3.5. A large area of apprdximately 181 ha is earmarked as city

level institutional area in Khormaksar.

Public institutions at the national and the_governorate_levels are claSsified
as special zones in DPS 2010. Airpoft-and areas used for port activities are
also included in the special zone. Thus, a large area of 656 ha in Khormaksar
classified as industrial, stores and special zones category in Table 3.4 is
occupied mostly by the airport. The land area in ﬁhis category in Xhormaksar
will increase to 1,060 ha in 2010 due mainly to development of a new

administrative center at the national or the governorate level.
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3.3.3'Population Projection for the Study Area

In order to project the population to be used'fpr sewerage planning, various
previous population projections were reviewed. These are compared in Table 3.6

below.

Table 3.6 Previous Population Projection in 2010 for the Study Area

Study or Authority Concerned

District DPS.2010. Water.Supply PWC Sewerage F/8
M/F (2000) :

Ma’alla 58,000 57,700 58,112 50,000

Tavahi 20,000 21,300 21,000 20,000

Crater 77,000 88,230 66,801 -

Khorﬁaksar ' 21,000 31,130 43,928 -

Total 176,000 178,360 189,841 -

Note: DPS 2010: Developmeht Principal Scheme fbr'ZOlO,
Town Planning Section, 1984
Water Supply M/P: Aden Water Supply Long Term Master Plan,
~ SOGREAH, 1979 ‘ _
- PWC: Reply to the study'team questionnaire from Public Watér :
Corporation, 1989 '
Sewerage F/S: First Governorate Report on Sewerage Projects,
John Taylor and Sons, 1977

As mentioned in the previous subsection, the:four distriets in the'study area
have already been developed and expaﬁsion'of'the urbaﬂ area is_limifed.
Reflecting this, population proje¢tions'made_by'the previous studies do not
differ significantly from each other._Although, there is' uncertainty in the

projection for Greater Aden, the populétion for'the four districts can be



projected with good probability. Appropriateness of the projections vis-a-vis

sewerage planning is discussed as described below.

Projections made by JTS for the previous sewerage project for Ma'alla and
Tawahi can not be used for the study, because it was done 12 years ago and
circumstances have changed significantly since then. Projections made by wdter
Supply'M/P is also out of date at present for the same reason. Moreover, this
projection.was virtually- taken over and modified by PWC to reflect présent
conditidns in the study area. The two other projections made by DPS 2010 and
PWC are to be feferred to. These two projections do not differ significantly
for Ma’alla and Tawahi districts. However, populatioﬁs for other two districts,

particularly for Khormaksar, differ.

Consideration has been giﬁen to the present conditions and land use plan in the
study area. As mentioned in ihe prévious subsection, topography of the study
area limits fuiure development. There exist no suitable areas for large scale
residential and other development. Small open areas and reclamatibn of coastal
areas are the only pbssibilities. It was revealed'that.this situation was duly
reflected in land use plan by DPS 2010. Therefore, it is considered appropriate
that population projection for sewerage project be based on the projection made
by DP3 2010._Population'prOJECtion by DPS 2010 is shown in Table 3.7 under

residential population.

‘However, from.the estimation of land use, it was found that relatiﬁely large
areas are earmarked for institutional purposes at city, governorate and
national levels in the study area, particularly in Khormaksar. In this area,
élthough resident population is very small, a certain amount of sewage flow i
énvisaged. In the revised'water'Supply_Master Pian, water cdnsumption by public
organization is individdaily and Separately.estimated.'This public organization
category. corresponds to institutional area of land use plan. Fof the
convenience of sewerage'planning, population equivalence has been considered in
estimating the sewage flows in the area. Population equivalence was calculated
.based on water consumpiion by public organizatidn and per capita water
consumption, hoth of which had been projected 'by the revised Water Supply

Master Plan. Population equivalence in each district is shown in Table 3.7.

The study team was infofméd_'during the period of preparation of Interim Report

that new housing development had been approved in April 1989 in Ma’alla. These



development areas are located behind the buildings along the Ma’alla Main Road.
The height and the number of stories of the flats are similar to those of the
existing buildings. A total of 1,000 flats in a total of 3.2 ha area is

expected to be constructed.

Also, the study team was informed that a present cemetery area in the middle'of
residential area in. Ma’alla would be  reclaimed for housing purposes in the
future, although the type of housing and arrangement of buildings are not

known.

The population expected from these developments are estimated to be 6,000 and
4;000 respectively. Since these developments were not included in the

projection made by DPS 2010, these are added to the previous projections.
Housing development behind Ma'alla Main Road is congidered to be completed by
2000, and that in reclaimed cemetery area after 2000, Population in the areas

is shown in Table 3.7 under residential population.

Table 3.7 Population Projection for Sewerage Planning

Firt Phase P‘rogram‘ . Long ’I‘ef_m' Program
(2000) _ T {2010) -
District Residential Population Residential Population
Populatien Equivalence " Population Equivalence .
DPS 2010 ] New for Public - /| DPS 2010 | New - -t for Public
Development | Organization. Development | Organization
Ma'alla | 57,300] 6,000 6,700 58,000 | 10,000 6,800 .
Tawahi 19.700 - 13,200 ~ 20,000 S 13,400
Crater | 73,100 - | 4200 | 77.000| - | 4,300
Khormaksar| 20,000} - 20,600 | 21,000 - 120,800
Total 170,100 6,000 44,700 176,000 10,000 45,300
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3.4 Sewage Quantities and Characteristies

The revised Water Supply Master Plan and information obtained from PWC were
carefully examined for the estimation of sewage quantities, since all the water
consumed at present and in the fﬁture are sﬁpplied solely by the PWC water
supply systém; Howevér, classification of consumers, -i.e. prodﬁcers of sewage,
is modified fdr the convenience of sewage planning taking into account the

conditions of .the study area.

3.4.1 Domestic Sewage

Domestic sewage is defined for this study as inclusive of domestic, community
and a part of.éommercial and industrial consumption classified in the revised
Water Supply Mastier Plan. Sewage from institutional area which is defined as
public organizaﬁion consumption for water supply planning is separately

estimated based on population equivalence.

Community sewage is defined as sewage produced in community facilities such as
schools, mosques and small shops. Community water consumption is estimated on a
per capita basis of the residential population in. the revised Water Supply
Master Plan;'characterisﬂics of community sewage is considered to be similar to
domestic sewage. Thus, sewage from community facilities are combined with

domestic sewage. Domestic sewage in this study includes community sewage.

Water consumption of bommefcial and industrial sectors accounted for only 3 %
of the total water consamption in the study area at present. There are nc large
scale industrial‘consumers'at present and no indusfrial estate is envisaged in
the future. Therefdre, commercial and industry water consumption 1s not dealt
with separately, and sewage from.this sector is regarded as a part of domestic

sewage.

In order to work out future per capita sewage flow, PWC’s projections were
examined. PWC consideréd three‘hypotheses of per capita domestic (household)
consumption rates for the estimation of future water consumption, viz. high,
medium and low. For the estimation of community consumption, the same three
hypotheses were assumed. The total of the domestic and the community water
.éonsumption in 2010 and the per capita consumption rates are shown in Table 3.8

below.
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Table 3.8 Domestic and Community Water Consumption in 2010 by Distriets

Water Consumption Per-Capita Consumpiion
District {m3/d) {led)
High Medium Low High Medium Low
Ma’alla 11,148 9,433 7,970 232 170 . 147
Tawahi 2,696 2,359 2,025 :128 114 ‘99
Crater 12,570 10,693 8,912 188 169 145
-Khormaksar 7,973 - 7,030 6,315 182 165 150
Total ' 34,387 29,515 25,222 {181) (165) {141)

Note: Figures in parentheses are weighted average for the

four distriets.

Thus, domestic and community water consumption in the four districts in 2010
"fall in a range of 25,200.to 34,400 m3/d. Corresponding per capita consumption
rates are 141 to 181 lcd on an éverage. For'sewerage*plaﬁning purpose, per
capita flow rate based on the high hypothesis is considered, to make adequate

allowance in the design of facilities.

The per capita sewage flow is, in general, slightly lower than per capita
consumption. Water consumption such as far garden sprinkling do not flow into
the sewerage system. It is reported that this type of conshmption accounts for
about 5 % at present in Aden. This is equal to about 6 led in term of per

capita consumption.

Taking the above mentioned factors into account, a round figure of 180 lcd is
adopted as per capita sewage flow in 2010 for the study. Per capita sewage flow
of 150 led in 2000 is obtained from interpolation between 118 lecd in 1988 and
180 led in 2010. ‘ '

For the design of such sewerage facilities as gravity Sewers; pumps,  force
mains and:any pipes or cbndﬁits, peak flow rate is used aS:a basis, sihce'these
facilities shonld have capacities to deal with peak flow. Peaking factor of 2.0
with respect to the daily average is adopted baséd on the fesults'ofuflow

measurements in the existiing pumping statiohs"(sée Appendix D).
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Daily maximum water consumption was calculated as 1.1 times daily average
consumption in the revised Water Supply Master Plan based on the present record
of daily supply. The same factor of 1.1 is used for the calenlation of daily

maximum sewage flow.

Factors for peak flow and daily maximum flow is uniformly used for the other

sewage flow except for infiltration.

Domestic sewage flows in 2000 and 2010 is estimated as shown'in Table 3.9.

Table 3i9 Domestic Sewage Flow

(unit: m3/d)

First Phase Program Long Term I'rogram

District - (2000} ) {2010}

Daily Daily- Peak Daily Daily Peak

Average | Maximuw Flow Average | Maximum Flow
Ma'alla 9,495 | 10,445 18,990 12,240 13,464 | 24,480
Tawahi 2,955 3,251 5,910 3,600 3,960 7,200
Crater - 10,965 12,062 21,930 ] 13,860 15,246 27,720
Khormaksar 3.000' 3,300 6,000 3,780 4,158 7,560
Total 26,4151 29,058 52,830 33,480 36,828 | 66,960
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3.4.2 Sewage from Public Organization

Sewage flow from public organization at city, governorate and national levels
such as Muhhﬁpality office, ministries and embassies afe estimated
separately, since most of these buildings are located in the four districts at

present and they consume a large gquantity of water.

Public organization sewage flow is estimated based on population equivalence.
‘Population equivalence is calculated from water consumption by this category
and per capita domestic consumption, both of which are obtained from the

revised Water Supply Master Plan.

Estimation of public orgaﬁization sewage flow is shown in Table 3.10 below.

Table 3.10 Public Organization Sewage Flow

(unit: m3/d)

* First Phase Program Long Term'Pragfam

District ] (2000) _ (2010)

Daily Daily Peak. . Daily Daily ~ | Peak

Average | Maximum | Flow Average | Maximum | Flow
Ma'alla 1,005 | 1,106 ) 2,010| 1,224 1.346| 2,448
Tawahi 1.930_ 2,178 . 3,960 2,412 2,653 . 4,824
Crater 630 693 1,260 774 851 1,548
Khormaksar 3;090 3,399 6,180 | 3,744 4,118 7,488
Total 6,705 7,376 | 13,410 8,154 8,968 | 16,308
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3.4.3 Other Sewage

Other sewage considered for sewerage planning are flow from various military
camps, a police camp and small fringe areas. Present sewage flow from these
areas are estimated by-pumb cperation records or by some other way.and
considered not to change in the future. The names of the facilities and their

sewage flow are shown in Table 3.11 below.

Table 3.11 Other Sewage Flow
{unit: m3/d)

District Facility Sewage Flow

Daily Daily Peak

Average Max. Flow

Ma’alla None : S - -
‘Tawahi Military Camp 900 990 1,800
Crater None - - -
Khormaksar . Badr Camp 1,804 1,984 3,608
Tareq Camp 1,096 1,206 2,192

Police Camp 70 77 140

Isthmus Camp 120 132 240

Khormaksar Total 3,090 3,399 6,180

Total 3,990 4,389 7,980

3.4.4 Infiltration

DeSign flow rates for sanitary sewers must include an allowance for non-waste
components which inevitably become a part of the total flow, Infiltration of
grouhdwétel, which is unwanted component, is to be accounted for in the design
of sewers. because of the Lopography of the study area. Some parts of the area
are occupled by flat and low- lylng areas where groundwater level is generally
hlgh.
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No data is available to estimate infiltration flow quantities into the existing
sewerage system. An attempt was therefore made to estimate'infiltration based
on experimental standards internationally accepted. An allowance of 71 m3/d per
km of sewer pipe length is recommended for small to medium-sized sewers (up to

600 mm} regardless of pipe size in WPCF manual (Ref. No.5).

A small representativé area in Khormaksar is selected to estimate infiltration
flow on area basis. Sewer length per ha of area is calculated to be 67 m/ha.

Then, the infiltration flow rate is calculated as follows..
71 m3/km/d x 0.067 km/ha = 4.8 m°/ha/d
A round figure of 5 m3/ha/d is used in the design calculation.

From our observation of existing sewer pipes and.infOrmation obtained from
counterpart personnel, it was realized that groundwater levels in most of
Khormaksar diétrict are high enough to reach the depth of sewers. Therefore, In
general, areas below the +3.5 m contour lines are. c¢onsidered vulnerable to
groundwater infiltration. A total of 629 ha in Khormaksar distriet is’
identified for inclusion of infiltration. Total infiltration flow of 3,145 m3/d
is estimated as shown below. Infiltration flow is considered to be constant at

any time and therefore no peaking factor is taken into account. -

620 ha x 5 mS/ha/d = 3,145 mo/d
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3.4.5 Total Sewage Flow

Total sewage f{low in the four disiricts are summarized in the following Table

3.12.

Table 3.12 Total Sewage Flow

(unit: m3/d)

First Phase Progranm Long Term Program
District Category (2600) (2010) o
Daily { Daily - Peak Daily Daily Peak
Average| Maximum | Flow | Average ! Maximum | Flow
Domestic 9,495 {10,445 18,990 12,240 13,464 {24,480
Public Org.. 1,005 1,106 2,010 1,224 1:1,346 2,448
Ma'alla Others - - - - - -
Infiltration - - - - - T
Total 10,500 | 11,551 21,000 13,464 14,810 | 26,928.
| Domestic 2,955 3,251 5,910 3,600 3,960 | 7,200 |
Public Org. 1,980 2,178 3,960 2,412 2,653 4,824 |
Tawahi Others ; 9060 990 1,800 800 990 1,800
' Infiltration - - - - - -
Total 5,835 6,419 11,670 6,912 7,603 .| 13,824
Domestic 10,965 12,062 21,9301 13,860 15,246 | 27,720
- Public Org. | -~ 630 693 | 1,260 774 851 1,548
Crater Others - - o= - - -
' Infiltration - - - - - -
| Total 11,595 12,755 23,180 14,634 16,097 29,268
Domest ic 3.000 | 3,300 6,000 3 780 4,158 | 7,560 |
Public Org. | 3,090 | 3,399 6,180 1 3,744 4,118 | 7,488
Khormaksar | Others 3,090 3,399 { 6,180 3,000 | 3,399 1 6,180
: infiltration] 3,145 |[: 3,145 3,145 3,145 { 3,145 3,145
Total 12,325 13,243 21,505 13,759 14,820 24,373
Domestic 26,415 29,0563 52,830 33,480 36,828 66, 960
o Public Org. 6,705 7,376 | 13,410 8,154 8,968 | 16,308
Total 1 0Others - _3,990 4,389 1 7,980 3,990 4,389 | 7,980 |
| Infiltration| 3,145 | 3,145 3,145 3,145 | 3,145 | 3,145
Total 40,255 43,968 77,365 48,769 53,330 94,3903



3.4.6 Sewage Characteristics

Per capita waste loading in term of BODS is_calculatéd to he 38.2 ged at
present as desceribed in Section 2.10. Per capita loading in various parts of
the world including industrialized énd developing countries vary between 23 to
78 ged (Ref. No.9). Compared with this, a per capita loading of 38.2 ged is
very normal for urban sewage which is predominantly domestic and contains

little industrial wastes.

For planning purposes, increase in per capita loading should be ~considered
since loading rate increases as per capita water consumption increases.‘lf the
annual increment in BOD5 per capita loading is assumed to be 0.5 ged, per

capita waste 1oading'will reach 49 gcd in the year 2010.

Oon the other hand, WHO recbmmends a per capita waste loading of 45 ged for all
sanitation. programs .in PDRY. This per capita loading is higher than the present

figures by about 7 ged or 18 %.

The capacify of the treatment plant, particularly stabiiiZation,pond, depends
on the organic load to be treated. Thus, the higher-ofganic'load will result in
the higher comstruction cost. On the other hand, since construction of the
sewage treatment plant is to be carried out in stages, adjustment_in deSigﬁ can

be made at a later stagé, based on actual results from operatidns.
Taking into account the above, a‘per capita BOD loading of 45 ged as
recommended'by WHO, is adopted for design of the treatment plant, subject to

possible future adjustment.

The BOD concentration of domestic sewage is calculated based on this per capita

wastg loading and.sewage flow of 180_lcd as fbllows.

45 / 180 # 1073 = 250 ﬁg/l
For the deéign of treatment facilities, BOD5 concentration of 250 mg/; is used.
Concéntration of other items are esfimated to bhe proportional té BOD5 with

respect to the present data. As a result, sewerage characteristics are

estimated as follows.



Table 3.13 Sewage.Characteristics
{unit: mg/1)

BODS CODer CODmn S8 NH4-N T-P

250 550 110 200 46 10

3-25



3.5 Engineering Considerations for System Planning

3.5.1 Alternative Sewerage Syslems

wastewater collection, treatment and disposal systems are broadly classified
into two categories, viz. on-site and central systems. On-site systems serve a
household or a building individually. On-site systems usually utilize a soak

pit with or without a septie tank. The mixture of sludge and toilet excreta
enters, in case of septie tank, into the septic tank where it is stored for a
certain period and the supernatant flows into a soak pit to'penetrate into the
ground. If the subsoil is impermeable, sewage and sludge ih septic tank should

be removed by'vacuum cars or by other means.

On-site systems are, in general, suitable in sparsely populatéd areas for the
following reasohs. The system requires space for septic tank or soak pit near
the building, which is often very difficult in densely populated areas. In
addition, ‘there are indications that in urban areas, septic tanks would, in
maﬁy cases, cost more on a per capita household basis than the conventional
water-borne sewerage system. Capital, operation and maintenance costs for the
system have been found to be almost equal,'or'in particular cases, to exceed

the cost of the conventional sewers and sewage treatment.

There are also disadvantages in on-site systems from the technical view point.
Overall efficiency in the reduction of the pollutant is far less than that of
the centrél system with treatment. Moreover, the effluent from the septic tank
is, from public health viewpoint, as dangerous as raw sewage and so requires
further treatment before the final disposal. The septic tank may cause odour,

if maintenance is not proper.

in view of the characteristies of the on-site systems mentioned above, this
system is not appropriate as a new sysiem or means “of improvement of the

existing system in the study area.

Theoretically, there are three kinds of water-borne central'sewérage systems,
viz. i) gravity, ii) vacuum and iii) pressure systems. A brief description of
each system is given below together with an evaluation for adoption in the

-study area.
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Vacuum systems comprise a cdnnection pit with vacuum valve, vacuum sewer pipes
and a vacuum pump station. Sewage from households flow. into the connection pit
by gravity. As water level in the pit goes up to reach a certain point, a
vacuum valve is opened to suck up sewage into the vacuum sewer pipe. The vacuum
valve is closed automatically in a few seconds after the water level goes down.
Sewage is mixed with air which is also sucked in from a suction pipe, ﬁnd the
mixture flows in the vacuum sewer pipe at a high velocity to a colleection tank.
Sewage are then pumped to the treatment facility or to gravity sewer system.
Vacuum pumps are installed to keep the sewer pipe system under low enough

pressure to suck sewage.

This system was initially developed for small communities of relatively low
population density. In these areas, if convenltional system is applied,
construction cost - of the sewer pipes becomes prohivitively high because of a

scatfering small sewage-flow.

Pressurized sewer pipes are used in the pressure sewer system instead of vacuum
pipe in the vacuum system., The pressure sewer system comprises the interceptor
- tank, pump,_iateral'piping, mainline and their service facilities. Sewage flows
into the interceptor tank by gravity, and is then pumped to the mainline

through lateral piping.

The intérceptor tank has ﬁsually more than one day retention time, thus
provides initial treatmeni of the sewage by removing a majority of the solids
material. Because of the nature of the supernatant from the interceptor tank,
small diameter pipes, as smail as 32 mm, can be used. Also, sewer pipes can be
installed shallow regardless of the gradient of the ground level thereby

resulting in_significantly'lower construction cost.

The pressure system is a viable alternative to conventional methods of sewage
collection under some conditions, such as high groundwater, undulating terrain,

unstable soil or rock conditions, and rural community nature.

Tn view of the present development conditions in the study area, in particular,
size. of populatiqn _and high population density, these two systems are not
technically:suitable for a new sewérage system or as improvement measures.
Moredver,_if one of the two systems is adopted, replacement of all the existing

sewers 1is required for both.systems and additional new facilities are to be
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constructed, which would require prohibitively large sums of construction cost

input than that for improvement of the existing system.

Gravity sewer systém is further classified into two systems, viz. conventional
and small-bore sewer systems. The small-bore system, which carries settled
effluent only, as in case of pressure system, is one possibility for a Yess
expensive sewerage system. The system is designed to receive only -the liquid
portion of household sewage for off-site treatment and disposal. Grit, grease
and other troublesome solids which might cause obstruction in the sewer are
separated from the sewage flow in interceptor tanks installed upstream of every
connection to the sewers, and the solids which accumulate in the tanks are

removed periodically for safe disposal.

Small-bore sewer system has many economical advantages because of i) reduced
peak flow, ii) reduced pipe size and_iii) redﬁéed:excavation for pipe
installation. Thus, small-bore sewer system may provide, in general, an
ecohomical means of sewage conveyahce. However, there is a major constraint ‘in
the direct adoption of this system for the regioﬁ under climatic conditions
such as - those 'in Adén. From experience in mahy locations in the existing
conventional sewerage systems, sewers are clogged by sand and other solids
which entered the pipes through manholés or inspection chambers, and fregquent
cleanings are required to properly maintain the function of the facilities.
This is partiéUlarly true in the areas like Aden where sand and dust tend to

enter the sewer system.

The small-hore sewers of 50 to 100 mm diameter will no douibt " necessitate much
more frequent eleaning of the pibes than the present conventional sewers, thus,
will create'significant'difficulties in proper operation and maintenance, and
make 0/M costs much higher than other comparable alternative systems.
Furthermore, and pefhaps most important, the existing sewerage system in the
study area has long been planned'and constructed as a conventional gravity
sewer system, and theré is no persuasive reason to change Lthe present system to

an altogether different new system without any experience in PDRY.

The conventional gravity sewer system isfone of the most reliabié sewerage
systems, -and much'experiehce is available in Aden in planning, design,
construction and operation and maintenance, and is most widely applied

throughout the world, but in general it is also the most expénsive among the
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possible alternative sanitation systems available for safe disposal of sewage.

The conventional sewer system has many.merits._Firstly, it provides the greater
user'convenienée of all waste disposal systems, for they permit the discharge
of 'large amounts of water, Secondly, they do not pose any risks fo health when
functioning properly. Their maintenance is assuméd by the municipality.

Thirdly; they generally operate with few service interruptions or emergencies.

Yel, this system alsoc has some disadvantages in addition to its high
construciion cost. It requires skilled contracters for the constructioh, a
municipal organization for operation and maintenance, and a substantial amount

of flushing water, which adds to the operating costs.

Given the high convenience level of the conventlonal sewerage system and
con51der1ng the present gituation. in. the study area where this the system has
been opelated and maintained for a few decades without any serious problems,it
is apparent that the exlstlng gystem can be utilized in the future, provided
that. some improvements are made. This system is therefore congidered the most

appropriate one for the study area.



3.5.2 Combined vs. Separate Systems:

There are two types of conventional gravity sewer systems, Viz."gombined and
separate systems. Combined sewer system colleets.both wastewater and stormwater
togethe1 In this system, stormwater, up to a desigh limit, is channeled with
sanitary sewage to the tleatment plant. When combined flows exceed the design
limit, overflows occur and varying amounts of wastewater dlong with stormwater

are discharged to natural water courses.

On the other hand, sanitary sewége and stormwater are collected separately in
the sepalate system. Sanitary sewe1s collect san1ta1y sewage only and convey it
to the treatment plant. Stormwater is collected by a dlfferent sewer system and
discharged at convenient 1ocat10ns to natural water courses. Complete separate
system has the1efore two 1ndependent sewer networks. Open channel is often used
for drainage of stormwater as a substitute to the-stormwater sewer plpes. This

system is alsc a kind of separate system.

There are advantages and disadvantages for both systems from the technical and
economical view points. Construction cost of a combined gystem ‘is in general
less expensive'than that of a separate syStem. However, a serious problem of
the combined system is discharge of the pollutants without treatment to the
natural water coufses. When mixed flow exceeds the capacity of the sewer,
excess flows are discharged to the natural water courses withoﬁt treatment.

Pollutants contained in the mixed flow cause contamination of the waters.

The ex1st1ng sewerage system in Aden was designed and constructed as a separate
gsystem. Although rainfall is very low and annual average precipitation is only
‘63 mm, and chances of rainfall is not frequent, rare strong rainfalls cause
"localized flooding on the streets in several parts of the study area. The
covers of the sewerage manholes are often opened to dﬁmp such excess
stormwater. There afe stormwater sewers and culverts in limited areas in

Ma'alla to collect and discharge stormwater run-off to the sea.

Intensity-duration rainfall curves for the calculation of stormwater gquantities
is not calculated because of the lack of data. A German consultant analyzed
avallable data statistically and proposed ralnfall 1nten31ty to be used for
design of drainage facilities for the Aden Ring Road proaect (Ref no., 18)
Ralnfall intensities for the return perlods of 5 to 200 years are as follows.
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Return period Rainfall intensity

{1/s. ha)
5 years .25
10 years 40:
25 years ' : 65
50 years 90
100 years 120

200 years i60

Althongh duration of rainfall intensity is not clear, an attémpt was made to
calculate stormwater quantities to evaluate the capacities of the existing
sewers. As a result, with rainfall intensity of the minimum return period (25
1/s.ha for 5 years), almost all the existing sewers have been revealed to be
insufficient to éonvey sewage and stormwater run-off mixtures. Therefore,

existing sewers can not be used as combined system.

Existing sewer networks should, therefore, be utilized as sanitary sewers as
they are at present, with necessary improvements, and stormwater run-off should
bhe treated'éeparately ¢considering the capdcity of the existing sewerage

systems and climatic conditions of the study area.
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3.5.3 Need for Treatment

Possible alternatives for final disposal of collected sewage is limited to
either i) disposal to the sea without treatment or ii) treatment and reuse for
irrigation purpose or disposal to the sea. Other disposal system, such as raw
sewage disposai to the desert area, is obviously disadvantageous,: because of
the géographical conditions of the study area where such desert areas outside

of the present and future urban areas are far from the service area.

There are advantages and disadvantages to each of the two methods. The
advantage of disposal to the sea without treatment is its low cost. The four
districts face the Inner Harbor or Gulf of Aden, and sewage cén be discharged
at convenient. locations in each district. This method is indeed the preSent
practice of .disposal in the study area. However, direct diSdhdfge of faw sewage
from Ma'alla and Tawahi into the Tnner Harbor has already.céuséd,a pollution
problem. In consideration of the increasing sewagé flow and importance of
Ma’alla and Tawahi districts, -the :present practice of raw Sewage.discharge

should be ceased as soop as possible to protect the marine environment.

In order to prevent water pollution in the Inner Harbor, extension of Lhe ocean
-outfalls in.Ma'alla and Tawahi,-to_the'points frdm where no current influence
to the Inner Harbor occurs, can be considered. However, in this case an
additional pumping station and long ouﬁfall_pipes.become necessary. The
construction costs for these facilities are comparable with those reguired in
case of treatment. Therefore, cost savings from raw sewage disposal is not so

sighificant as expected at first glance, in particular, for Ma’alla and Tawahi.

In addition to the disadvdntages'mentioned-above, anoiher disadvantage of the
disposal of raw séwage to the sea is impossibility of reuse of the sewage. In
Aden, water resources are limiﬁed and very scarce. Sewage 1s a precious water
resource. Future water demand in excess of the Capacity of the present well
fields should be satisfied with desalinated sea water, the cost of'which'is a
few times that of groundwater. If treated sewage can be utilized for any
purpose, water demand, which otherwise_would consume piped water, can be.
substituted. '

The most probable reuse of treated sewage is irrigation for greehery.'The

Green Belt project has been started since 1986 with the objectives mentioned in



Section 2.13. It is planned to utilize treated effluent not only from the
existing Al Shaab STP but also from the future treatment works for the study
area: The Green Beli project will contribute to improvement of the
environmental conditions 'in urban areas in Greater Aden. For reuse of sewage, a

certain degree of treatment is necessary.

Oppdéition to discharge of untreated sewage into the Inner Harbor is expressed
strongly by various auﬁhorities, including YPA and the Highway “Authority.
Transportation of raw sewage from Ma’alla and Tawahi to other places for
disposal without ireatment was rejected at the seminar organized by UNDP and
Ministry of Publié Health in February 1989,

From the above, sewage treatment should be considered for the sewerage project

in the study area, together with consideration of reuse of treated efflueht for

the Green Belt Project.
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3.6 Design Criteria

Following:design criteria have been deVeloped for the design or sewerage
facilities takihg into account the present conditions in_Adeﬁ and those adopted
and accepted in many countries. Design criteria pfoposed in this section shall,

except for special reasons, be the basis for all the-facilities.
3.6.1 Sewers

in hydraulic caleulation of the pipes, Manning equation is used: for gravity
sewers with "n" value of 0.013 for VCP and of 0.012 for PVC, and Hazen-williams
equation is used for force mains with "C" value of 110 for DCIP. Peak flow or
hourly maximum flow is the basis for calculation of capacities of all pipes and

conduits.

A minimum size of 200 mm is adopted for sanitary sewers, but for 'Service
connection pipes, a minimum diameter of 150 mm is allowed All sanitary sewers
are designed to maintain a mean flow velocity, when flowing full or half full,
of not less than 60 em/s based on Manning equation. However, to prévent
hydrogen sulfide builtﬂup in the sewers, slightly higher velocities are used

for the design of sewers.

All sewers are designed not to exceed a flow velocity of 3.0 m/s'toiprotect
against sewer erosion. Where ground slope is steep and a velocity of more than
3.0 m/s may result, drop manholes are usually provided to decrease the flow
velocity. Special provision is made to protect against displacement by erosion
and shock. Standard structure of drop manholes is shown in Drawings 55, 56 and

57 ‘in Volume Three.

All sewers are designed to flow, at all times, with sufficient vélocity to
prevent the settlement of solid matter and consequent sulfide generation, but

no other measures are considered such as air injection to sewer pipe.

Barth covering of sewer pipe should not be less than 1.0 m, and in case of

shallower depths, special protectién is to be considered.
To protect pipes'against_live and dead loads, installation @nd backfilling

should be earried out carefﬂlly. Methods and materials_of bedding are also to

be selected carefully. Typical trench sections of the gravity sewers and force
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mains are shown in Drawings Nos. 55, 56 and 57 in Volume Four. Crushed stone

or gravel bedding is proposed for gravity sewers and force mains.

Water tight flexible joints are proposed to avoid as much groundwater intrusion

as possible.
3.6.2 Manholes

Manholes shall be provided at each change in direction, in sewer diameter, or
wherever there is a considerable change in grade generally with the following

maximum spacing.

Maximum Manhole Spacing

Sewer Diameter Maximum Manhole Spacing
(mm) - {m)
.300 or less 50
600 or less 75
1,000 or less 100
1,500 or less 150
1,650'or more 200

Except for very shallow sewers, -all manholes shall have adequate dimensions for
entry and operation of cleaning equipment. Two types of manholes, one for
sewers with diameters 500 mm or less and another for larger diameter sewers are

prbposed for the project which are shown in Drawing No. 56 in Volume Four.

3.6.3 Pumping Stations

The design of-pumping stations is based on the peak flow rate. All piping and
cohduits'afe designed to carry the design peak flow. Cabaeities and number of
pump units are determined in order that at least ome standby unit is provided
‘at peak flow, with built-in flexibility to respond to flow fluctuation.
USually,_tﬁo pump7units of. the same capacity, one duty and one standby, are

considered for smaller pumping stations, and two or more units including one
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standby unit of the same capacity are considered for larger pumping stations.

Structure of pumping stations is, in general, rectangular in plan following the
general'pfécticé in Aden. For séreW’vplute‘pump,-separate dry_well should be
provided to accommodate pumps. Wet wells should be designed to have enough
storage capacities to prevent frequent on and off of the pﬁmps. Usually, wet

well capacities equal to 6 to 7 minutes of peak flow are provided.

Pumps are proposed to be electric motor driven taking into account electric
power supply in the study area. Provision of emergency power supply by diesel
engine is considered for certain punping stations depending on their

importance.

3.6.4 Sewage Treatment Plant

The stabilization pond process is recommended for the sewage treatment for the
project considering the favorable climatic conditions and minimum requirements -

for mechanical and electrical equipment and for electric power for operation.

There are several types of stabilization ponds and basically these are
classified into the following three categories, i.e. i) facultative pond, ii)
anaerobic pond and iii) aerobic pond. Further, various combination of these

ponds can be applied for sewage treatment.

In order to select the most appropriate combination of the ponds and'desigﬁ'of

the individual pond, the following factors should be considered.

(1) Characteristics of sevage, particularly strength of sewage indicated

in terms of BOD
(2) Climatic conditions, particularly temperature
{3) Required level of treatment
Characteristics of sewage in the study area ‘are considered to be typlcally

domestic, with average BOD concentration of approx1mately 320 mg/l at present.

BOD concentration will ‘change in the futuxe dependlng on changes of per capita
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loading and water consumption. For the long term program, BOD concentration is
estimated to be around 250 mg/l in 2010,

Climate in Aden is characterized by high temperatures throﬁghout the year.
Average daily temperatures in the coldest month of January exceeds 25°C.
Because biological reaction in the pond is highly temperature dependent, with
higher reduction at the higher temperature, this is most favorable for pond

operation.

Effluent quality standards have yvet to be provided in PDRY. However, in view of
reuse of effluent for irrigation and reasonable standards for stabilization
system, 60/60 (BOD/SS) are set as the treaiment goal.

There is no data about coliform number in raw sewage. However, the ofder of
coliform number can reasonably be estimated to be 107 taking into account the
domestic nature of the raw sewage. Effluent standards should be determined
depending on the purpose of the reuse or the nature of the receiving water. At
present, reuse of the treated effluent for irrigation for greenery is planned,
but details of irrigation methods are not apparent. Therefore, strict standards

of 100/100 ml for non-reéstricted irrigation is adopted as the treatmenti goal.

Based on the discussion mentioned above, and considering the best use of the
elimatic conditiocns in the study area, the following combination is proposed as

the process train.

Anaerobie| | Facultative ind Stage ond stage :
— = —
Pond Pond Maturation Maturation
Pond Pond

Several design procedures can be applied for the design of each pond. These
procedures are described in many publications by World Bank, WHO and other
international agencies. Some of ‘the design procedures are purely empirical and
others are based on kinetic models and less empirical. The following criteria
are considered more applicable to the project and therefore used for the design

of treatment plant.

(1) Anaerobie Pond
Volumetric organic loading: 0.1 -0.4 kg BOD/m>/d
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Areal organic loading: 4,000 - 16,000 kg BOD /ha/d
(less important than volumeiriec organic
loading)

Depth: 2 - 4 m

BOD reduction: 50 - 60 %

(2) Facultative Pond _
Maximum Allowable Areal BOD loading:
i) Simplified linear equation
1= 20 T - 60
where . .
L: areal BOD loading (kg BOD/ha/d)
T: minimum mean monthly ambient temperature { fC)

ii) MecGarry and Pescod’s equation

L= 11.2 x (1.054)7T
where _ . :
L: areal BOD loading (kg BOD/ha/d)

T: minimum mean monthly ambient temperature ( °F)
Depth: 1 - 1.5 m

. BOD reduction: First order kinetics
Ce = Ci / {1 + ki t)
where .
Ce: effluent_BOD=(mg/l)
Ci: influent BOD {mg/l)

ki: first order rate constant

ki = 0.3 (1.05)1 20
T: temperature ( °C)

t: retention time (d)

(3)_Maturation Pond
Reduction of fecal bacteria

First order kinetics



Ne = Ni / (1 + Kb t)
where
Ne: number of fecal bacteria of effluent (N/100ml)
Ni: number of fecal bacteria of influent {(N/100ml)

Kb - 2.6 (1.19)T°20

T : temperature ( °C)
Depth : 1 - 1.6m
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CHAPTER TOUR

LONG TERM PROGRAM

4.1 Proposed Sewerage Systhem

4.1.1 Introduction

The appropriate long term improvement measures to the existing sewerage system
in Ma’alla and Tawahi, on which implementation program of the sewerage project
will be based, is to be developed. The other two districts, viz. Crater and
Khormaksar, should also be considered in developing such a concept together
with Ma’'alla and Tawahi. Reasons for the inclusion of two additional distriets

are as follows.

a) There is no suitable site for a sewage treatmeni plant in Ma’alla and
Tawahi except for a small area in Ma’alla. Therefore, sewage from those
districts is to be sent either Lo the existing sewage treatment plant

at Al-Shaab or to other places, if stabilization pond is considered.

b) Crater and Khormaksar have been provided with a sewerage system
consiructed in the same period as Ma’alla and Tawahi system. Sewage in
Crater and Khormaksar are disposed of by oceah outfalls without any
treatment at present. Combined treatment of this is one of the possible

alternatives for long term planning.

e¢) Development conditions in the four districts are similar to each other.
In other words, they have been almost fully developed physically, to
date.

d) Considering all this, it is most appropriate to deal with sewage in
the four distriects together, in developing a long term sewerage

development plan.

On the other hand, the other distriéts in the Greater Aden are at the different
development stages from that of the four districts. Moreovér, newly developed
Sheik Othman and Al Mansura are providéd with sewerage system and treatment

facilities. New distriets proposed by DPS 2010 are now at very early stages of
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development, and these areas are to be provided with separate sewerage systems

because of geographical reasons,

Alternative sewerage systems for the selection of the most éppropfiate system
are, thus, developed considering the four districts mentioned above. Cost of
each alternative aré estimated for comparison. Elements other than cost are
also taken into account. Descfiption of the alternative systems and results of

the selection are discussed in this section,

4.1.2 Alternative Sewerage Systems
(1) Location of the Treatment Plant

In developihg alternative sewerage systems for the four'districts,
selection of the treatment plant location is important. The alignment and
capacities of the major scwerage facilities, such as pumping stations and
force mains, are determined. depending on the location. of the treatment

plant, which in turn affects the cost of the project significantly.

For the selection of the treatment plant site, ‘many ‘factors should be
considered from teehnical, economic and envirommental view points.
Proximity to thefservice area is one of the imﬁortant factors which affects
construction cost. However, nuisance to the nearby residents should be
avoided at the same time. Proximity to the .suitable disposal- boint is
important for environmental protection., Climatic conditions, wind
directions in particular, should be considered togethér with‘development
conditions. As a whole, appropriateness of the treatment site can be judged

with land use plan.

Taking into consideration various factors mentioﬁed above, ‘the following

three locations are selected as possible sites for the treatment plant.

In Ma’alla and Tawahi, possible sites for the treatment plant are
available in Hedjuff area only, in front of the existing pumping station.
This area is a shallow cove-bdunded.by_popt facilities. The available'space
of the area is limited to appfoximatély 7 ha and no future expanSion is

possible. Therefore, if the treatment plant is located here, compact'



(2)

facilities should be considered.

The area in the neighborhood of the existing A! Shaab STP is one possible
site for the new treatment plant. Although the distance from Ma’alla and
Tawahi to the site is COHSiderable, various advantages, such as ease of
construction and operation, and effective environmental pfotection, can be

cbtained by cobstructing iwo treatment plants at one place,

The third alternative ldcation has been sought in the area north &f the
airport and Khormaksar district, since no vacant lﬁnd of sizable area
suitable for the construction of the treatment plant could be found in
Crater and Khorméksar districts. A wvast, flat and presently vacant land
exists north of the airport. The site has been selected at the location
which is thé nearest to the service area, but at a sufficient distance from

the existing urban area to separate the treatment plant.
Treatment'Progess
Among the various kinds of secondary treatment processes available at
present, the stabilization pond. process is recommended for the following
reasons.

- minimum requirements of mechanical and electrical equipment

- low econstruction cost

~ ease of operation and maintenance

availability of favorable c¢limatic conditions

availability of land space in the vicinity of the service area

- In the case of the two sites in the neighborhood of the existing Al Shaab

STP and north to Khormaksar, the stabilization pond process is adopted.

. However,. Stabilization pond process can not be adopted at the site in

Ma’alla because of the limitation of the available space. Therefore, other
treatment processes which can be constructed within the demarcated area
should be selected.
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Among the several compact treatment processes, such as conventional
activated sludge and extended aeration processes, oxidation ditch process
is adopted for as it has lesser requirement for equipment and for its ease

of operation.
Alternative Sewerage Syslems

Numerous combinations of the four districts and the three treatment plant
sites can be theoretically considered. However, most of them are not viahle

from the practical point of view. In order to sift 0ut less practical
combinations and to select a minimum number of . possible -alternatives, a

preliminary choice was-made,'based on the following consideralions.

Sewage produéed in Tawahi district is dealt with that produced in Ma’élla
distriet, because of the closeness of the two districts and nonavalilability
of spacé for ireatment plant in Tawahi. Sewage produced in Crater distriet
is dealt with that in Khormaksar since Crater district is separated from
Ma’alla distriet by the steep Kevhole péss'and no land is available for
treatment plant in Crater. Thus, the four districts .are classified into
two groups, viz. one for Ma’alla and Tawahi, and another for Crater_and

Khormaksar.

Sewage in Ma?aila and Tawahi districts should be sent for treatment to one
of the three sites. On the other hand, it is advantageous to treat the
sewage in Crater ahd Khormaksar districts at the site north to the airport
because of proximity of the site to the service area. Therefore, three
alternative sewerage systems are developed with respect to ~the site for

treatment plant for Ma’alla and Tawahi distriets.

In addition to the three alternatives, a proposal made iﬁ'the previous
study by JTS is selected as one of the alternatives for the comparison.
Subsequently, the following four alternatives are developed for the further

evaluation.-

Alternative 1A: This- alternative is' the proposal by the“previOus study.
Sewage collected from Ma'alla and Tawahi'districts are
disposed of by an ocean outfall from Steamer Point without

treatment. Enlargement of the existing breakwater and
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Alternative 1B:

construction of a hoiding tank to control the discharge to
the sea were recommended by the previous study. These
facilities have not been found to ensure the prevention of
water pqilution in the Inner Harbor, and to be expensive to
construct. Therefore, instead of these WOrks, a submarine
force main-of approkimately 1 km long extending to the Gulf

of Aden is considered as the means of disposal.

'Sewage collected from Ma’alla and Tawahi districts are

treated at the site in_front'of the Hedjuff pumping

" station. As mentioned above, more compact oxidation ditch

Alternﬁtive 2
“to the site'adjacent to the existihg'Al Shaab STP for

Alternati#e 3:

procéss is adopted as treatment process because of space
1imitation. Treated effluent 1is discharged to the Inner

Harbor at the same point as the existing outfall. Since the

site is a shallow cove at present, land reclamation is

necessary for the construction of the treatment plant. Cost
for land.reclamation is to be estimated, in addition, in

the cost comparison.
SeWage_collected from Ma'alla and Tawahi districts are sent

treatment in this alternative. A long force main from

Ma’alla to the site is necessary. The stabilization pond

. process is édopted as the treatment process. Treafed

effluent is discharged to the Tawahi Bay at the same point

as the existing outfall.

In this alternative, sewage collected from Ma’alla and

- Tawahi afe sent'to'the site north to the airport and

‘tfeated together with those from Crater and Khormaksar. A

long'force main to the site is also necessary.
Stabilization pond is adopted as the treatment process.
Treated effluent is discharged.to the Gulf of Aden on the
beach along the ‘Abyan Road.

The four aiternatives are illustrated in Figures 4.1 to 4.4.
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4.1.3 Evaluation of the Alternatives

Construction cost of each alternative is estimated'as the first step of the

evaluation, Cost for this scale of constructlon w01k varies 31gn1f10ant1y with

the manner of implementation under the present circumstances in Aden. Sources

of funding, tendering proeedule, natlonallty ‘of the contractor and construction _

period are major factors affecting the project cost. 'Since the purpose of cost

estimation in this section is limited to the compaxlson of each altelnatlve on

the same basis, the following assumptlons are made for the" estlmatlon

(1) Construction costs for major facilities, such as pumping'stations force

(2)

(3)

mains, and treatment plants are estimated. Costs for the 1mprovement of
the ex1st1ng facilities are excluded from the estimation, since tihese

costs are similar in all aiternatlves.

All constructlon costs are on direct cost basis, and do not 1nclude the
1nd1rect portion of the progect cost, because the indirect portlon is

more or less proportional to the direcl portion,

Bidding is on an international basis and a foreign contractor is assumed
to be awarded. Source of the imported materials and services is

considered to be Japan.

Direct construection costs of the fbur alternatives are shown in Table 4.1.



Table 4.1 Construction Cost of the Four Alternatives

(Unit: ¥D 1,000)

District Facility . ~ Alternative
: 1A 1B 2 3
Force Main 860 | 228 4,924 3,274""
Pumping Station ~ 963 980 1,017 1,017
Ma'alla : e — e
' Treatment Plant - 7,129 1,651
Tawahi : |
Ocean Outfall 3,947 . - -
Total 5,770 | 8,337 | 7,592 | 4,291
Force Main 2,014 | 2,014 2,014 914
Pumping Station’ 1,082 1,082 1,082 1,082
Crater R R : : —
Treatment Plant 2,193 2,193 1 2,193 3,482
Khormaksar : . '
Ocean Outfall .- ; - - -
Total 5,289 5,289 5,289 5,478
Total Four Districts | 11,059 | 13,626 | 12,881 9,769

Note: *1 Section from_Khormaksaf P/S to STP is included.
*2 (One treatment plant for the four districts

As shown in the. table, conétruction cost of Alternative 3 is least ekpensive,
less than that of Alternative 1A. The highest construction cost is in case of

Alternative 2, followed by Alternative 1B.

The highér”cost-bf Alternative 1A than that of Alternative 3 is due to the high
cost for constructioﬁ of .the ocean outfall. A long submarine force main laid on
the bottom of the sea requires high construction cost which is comparable to
the construction cost of the stabilization pond process treatment plant.

Alternative 1A is disadvantagedus from the economic point of view.

The reasons for the cost of Alternative 2 being the highest is the construction
cost for the force malns which are necessary to send the sewage from Ma’alla
and Tawahl districts to the treatment plant site adgacent to the existing Al
Shaab STP. The second hlghest cost of Alternatlve 1B is due to the hlgh cost

for the constructlon of the treatment plant which is designed as oxidation

4-11



diteh process. It should be noted that this process requires not only the
higher construction cost but also higher operation and maintenance  cost than
that of the stahilization pond system. An additional cost for land reclamation
is one of the reasons for the high constructlon cost for the treatment plant.
Alternatives 1B and 2 are less attractive than “the Alternative 3 from

construction cost point of view.

All the alternatives have been evaluated from the environmental'protection view
point. Three p01nts are considered for the evaluatlon ~, viz i) prevention of
nuisance to the nearby residents, ii) preventlon of water pollutlon and iii)

reuse of effluent for green belt project.

For the preventien of nuisanee to the nearby residents, all the alternatives
ensure the same minimum level of nuisancée or obstruction during. constructlon
and operatlon:of the fac111tles. The treatment site adaacent to the AI Shaab
STP is already demarcated as env1ronmenta1-control ‘zone in the land use plan.
The treatment plant site north to. the airport is presently vacant land and no
re51dent1a1 area exists around 1t This area can be demarcated as env1ronmenta1
control zone as is the Al Shaab STP, well before the development of the area.
The treatment site in Ma’alla is located in the port facility areas,_apart from

the residential areas.

Construction of the pumping stations, four pumping stations in each
alternative may. not pose any eerious obetruction to the residents and.- the
traffic, since three of them in Ma'alla, Crater and Xhormaksar will be
constructed adjacent to the existing pumping stations, and another in Tawahi

can be constructed within the port facility area. Construction'of'the foree
mains in each alternative are planned along the main roads in-Greater-Aden.

Obstruction to traffiec can be controlled to the minimum level.:

Alternatives 1B, 2 and 3 will greatly contribute to the pfevehtion of the water
pollution in the Inner Harbor because of the secondary treatment of raw sewage.
Effluent from the treatment'plant is free ef:pathogenic bacteria end orgahic
pollutant in terms of BOD is reduced to less: than one-fourth of rawesewage.
Untreated raw sewage disposal'in case of the_AlternatiVe 1A .will also
contribute to the improvemeﬁt of . the water pollution .in' the Inner Harbor.

However, influence to the broader area in the future is questionable.
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