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PREFACE

In response to a request from the Government of the People’s Democratic
Republic of Yemen, the Japanese Government decided to conduct a study on the
Improvement of Ma'alla and Tawahi Sewerage System in Aden and entrusted the
study to Japan International Cooperation Agency (JICA).

~ JICcA sent to the People’s Democratic Republic of Yemen a survey team headed
by Mr. Heiichiro Makino, Tokyo Engineering=00nsultants Co. Ltd., from December,
1988 to March, 1989, ahd from June to September, 1989.

The team held discussions with concerned officials of the Government of the
People's Democratic Republic of Yemen, and conducted field surveys. After the
team'returned'to Japan, further studies were made and the present report was
prepared. ‘

I hope that this report will contribute to the promotion of the project and
to the enhancement of friendly relations between our two countries.

_ I wish to express my'sincerest appreciation to the officials concerned of
the Govermment of the People’s Republic of Yemen for their close cooperation
extended to the team.

January, 1990

— A

Kensuke Yanagiya
President
Japan International Cooperation Agency




January, 1990

Mr. Kensuke Yanagiya

President

Japan International Cooperation Agency
Tokyo, Japan

Dear Sir:

LETTER OF TRANSMITTAL

It is our pleasure to submit to you the Final Report of the Study on the
Imprévement of Ma’alla and Tawahi Sewerage System in Aden, in People’s
Democratic Republic of Yemen.

The field survey and study have been conducted during the period from
November, 1988 to January, 1990.

This Report consists of four veolumes: VOLUME ONE - Summary Report which
provides the summary of the study and recommendations; VOLUME TWO - Main
Report, which describes the results of the study and analysis; VOLUME THREE -
Appendlces which contains the details of various technical studies; VOLUME- FOUR
~ Drawings, which contains maps and drawings.

We hope that realization of the proposed schemes would greatly contllbute io
improve the sanitary and envirommental conditions in Aden.

Finaily, we take this opportunity to express our sincere gratitude to Japan
Internatibnal Cooperation Agency, Ministry of Construction of the Govermment of
Japan, the Embassy of Japan in Aden, Advisory Committee and the officials
concerned of the Govermment of People’s Democratic Republic of Yemen which gave
useful advice to the Study Team during the study period.

Respectfully yours,

Hiich e Voo

Heiichiro Makino
Team Leader
for the
Study on the Improvement of
Ma'alla and Tawahi Sewerage System
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CHAPTER ONE

INTRODUCTION

1.1 Project Background

Aden, the capital of the People’s Democratic Republic of Yemen {hereafter
referred to as PDRY), lies at the southern tip of the Arabian peninsula, 170 km
past of the mouth of the Red sea and bordered by the Indian Ocean on the south.

Aden lies at a longitude of 45°02 east and at a latitude of 12°50 north.

Aden is an ideal natural port and has an important position in the trade
hetween ‘the Orient and the Occident. It has been prosperous as an intermediate

port of the spice trade from ancient times.

The urbanization of Aden began with its conquest by Britain.in 1839 (1838-
1967), which introduced modern water supply and sewerage systems into Lhe
capital, and laid the foundation of the present features of Aden. The Capital
Municipality Aden extends along the inner harbor, and consists of the distriects
of Tawahi, Ma’alla and Crater in the south, Khormaksar in the east, Al-Mansura,
Sheikh Othman and Dar Saad in the north, and Littie Aden in the west, covering

an area of 20,800 ha with the total population of over 300,000 at present.

There are, at present, sewerage systems but'without proper treatmesnt of
wastewater except Al-Mansura, Sheikh Othman. Most of the wastewater collected
through sewer reticulations are discharged directly to Aden Port, Bander Tawahi

and the Gulf of Aden.

The result of this discharge of wastewater is gross pollution, resulting in
septicity and offensive odor in the harbor at mény discharge points. The
deterioration of sewerage systems in the area, particularly in the urban built-
up districts, has become deplorable and measures against the pdllution are

urgently required.

In order to improve the aging sewerage system in Ma'alla and Tawahi districts,
the Government of PDRY made a request to Lhe Government of Japan for a master
plan and a feasibility study for the improvement of sewerage system in the

southern part of Aden.
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In response to the official request of the Government of PDRY, the Government
of Japan decided to carry out a study on the improvement of the sewerage System
in Ma’alla, Tawahi and Khormaksar in Aden (hereafter referred_to'as the Stﬁdy)

in accordance with the relevant laws and regulations in force in Japan.

The Japan International Cooperation Agency_{hereafter referred to as JICA), the
official agency responsible for the implementation of technical cooperation
programs of the'Government of Japan, undértakes‘the Study in close cooperation
with the authorities concerned-of.the'Government of PDRY, according to the
Scope of Work signed:on July 17th, 1988.

The General Dlrectorate for Local Government (hereafter referred to as  GDLG)
shall ract as counterpart agency  to the Japanese study team and also as a
coordination boedy in relation to the other relevant organizations for smeoth

implementation of the Study.

The study team organized by JICA was'dispatched to’Aden’in'Deeember, 1988, They
stayed in Aden until March, 1988 to cohduct-the first on-site survey and data
collection. The Interim Repert'was submitted to GDLG in 1ate-Jene, 1989, at the
beginning of the second on-site Survey} Inclusion of the Khormaksar distriet
into the Teasibility study area was agreed on by both‘governments and the Scope
of Work was accordingly amended in July, 1989. Supplemental'sufveys in
Khormaksar district was conducted during the second on-site survey period from
June to September, 1989. This Draft Final Report is prepared in accordance with
the amended Scope of Work, and presents the outcome of the Study carried out
both in Aden and Japan. Comments on the Progress Reports -and on the Inter1m.
Report made by the authorities concerned of the PDRY government are duly

reflected in this Report

1.2 Objectives of the Study

The objectives of the Study are to formulate a master plan of a sewerage system
in the EKhormaksar, Crater, Ma alla and Tawahi districts and to carry out a

fea31b111ty study for the improvement of Ma’alla and Tawah1 sewerage system.

The Study consists of the following items: -
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(1) To formulate a master plan for the basic concept of sewerage scheme in

the four above mentioned disiricts.

(2) To carry out a feasibility study for the improvement of Ma’alla,

Tawahi and Khormaksar sewerage systems.

(3) To transfer téChnology to the Yemen counterpart personnel from the

Japanese study team throughout the Study.

1.3 Scope of the Study
The following will serve as the scope of the Study.

1.3.1 Study Area

{1} The Study area of the master plan will cover Khormaksar, Crater,

Ma'alla and Tawahi districts.

(2) The Study area of the feasibility study will cover Ma'alla, Tawahi and

Khormaksar districts.

1.3.2 Target Years

The target vear of the master plan is 2010.
For the feasibility study, 2000 is considered as the target year.

1.3.3 Contents of the Study

The Study comprises field surveys and data collection in PDRY and analytical
and desigh work .both in PDRY and Japan, and more specifically includes the

following work items:
(1) Data collection and analysis
- Population

- Land use

- City development plan:
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- Natural condition

- Soil and:geological conditicon

- Water use, water quantity and quality
- Sewerage and related:facilities

~ Present sanitary conditions

- Ingtitution and financial condition

- Previous studies

(2) Field Survey
- Water and waste quality survey
~ Topographic survey '

- Survey of the existing facilities

{3) Formation of Basic Concept

Target year

t

Proposal of alternatives

Consideration. from economie, financial and social point of view

Selection of appropriate master plan
{4) Discussion of Progress Report{l)
{(5) Analysis Work for Formation of Basic Concept

- Water pollution analysis of Tawahi Bay

~ Design criteria

- Design flow rates and sewage characteristics

- Alternative study on séwerage system

- New sewerage facilities

~ Rehabilitation and improvement of the existing facilities
- Estimation of projeet cost

- Reuse of treated effluent and sludge

- Implementation program, |

- Organizational arrangement and staffing schedule

- Financial and economic analysis

(6) EXplanation of the Interim Report
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(7) Second On-site Work in Aden
{8) Feasibility Study
- Bewerage facility planning
~ Cost estimation
- Procurement planning of construction materials and estimation of
manpower requirement
(9) Institutional and Organizational Planning
- Appropriate institutional format
~ Institutional Organization
- User charge system
{10) Project Evaluation
- Finaneial evaluation
- Economic evaluation
- Environmental and sociazl evaluation

(11) Implementation Program

- Implementation schedule

- Disbursement schedule
{(12) Explanation and discussion of the Draft Final Report
(13) Preparation and Submission of the Final Report

1.4 Undertaking of the Study

The - Government of PDRY has accordéd privileges, immunities and other benefits
to- the study team, and through the authorities coneerned, taken necessary

measures to facilitate smooth conduct of the Study.
The Goverhmeht of Japan, through-JICA, has taken necessary measures to diépatch

the sfudy team to PDRY and to'transfer technology to the PDRY counterpart

personnel in the course of the Study.
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CHAPTER TWO

PRESENT CONDITIONS OF THE STUDY AREA
2.1 Introduction

This chapter provides background information and data to be used in Chapter
Three to estimate future wastewater production and disposal, and to establish
the basis for sewerage systems planning, and in Chapters Four and Five to
develop specific proposals for both the Long Term and the First Phase Programs
govering the period 1990 through 2010,

This chapter therefore presents the conditions in the study area,.population
and land use, existing water and sanitation service levels, wastewater
production'patterns, and environmental problems in the area. The data is
largely based on field surveys and investigations, specially undertaken on two
_oceasions for this feasibility study from December 1988 through March 1989, and
June through September 1989 by the JICA study team in the study area. All the
previous studies and information collected by the present study, as listed in
"References" of this report, have been reviewed and, where necessary, revised

in the light of the current conditions in the area.

The data presented herein are, therefore, more up-to-date than those in
previous reports and studies. Unless otherwise stated, all cost data in this
report are at December 1988 prices. The planning period adopted for the First

Phase Program is up to 2000 and for the Long Term Program, up to 2010.

Detailed data obtained and calculations for engineering and financial studies
are separately provided in Volume Three “Appendiceé". Corresponding reference
numbers are indicated.as needed for convenience. Volume Four "Drawings"

contains maps and drawings which illustrate proposed sewerage systiems.



2.2 Natural Conditions

2.2.1 Location, Topography and Geology

(1)

A{2)

Location

PDRY is bounded in the north by the Kingdom of Saudi Arabia, in the-
northwest by the Yemen Arab Republic, in the south by Gulf of Aden and

“Arabian Sea, in the east by'the Sultanate of Oman and in the west by the

Bab-al-Mandab Strait.

Greater Aden, the capital and the largest city in PDRY, occupies the

south-western corner of the Arabian Peninsula as well as Asia.

It ldoks upon Afriea through the Bab-al-Mandab Strait south of the Red
Sea. The city lies at a longitude 45°02 east and at a latitude 12°50

north, at Khormaksar.

Topography

The most decisive topographic component is'Tawahi Bay. To. the north and
northeast of Greater Aden are major areas of flat sand dunes. In the

west and the south of Greater Aden there are mountainous arcas.

Aden peninsula, a former island of volcénic origin now linked to the

continent by a sandy tombole, is'composed.of steep mountains rising to

_aboﬂt 600 m. Lava of late Miocene or Pliocene ages to recent times

overlie the coastal plain and form:the'sea cliffs at Aden. Crater ‘is the
cldest. district and is built on the rocky remains of a former crater.
The level of roads vary from +10.3 m ypap*l to +4.5 m. Ma’alla and
Tawahi have developed on a littoral road with ground level from +10.3 m

to +2.9 m. Most of the available land in the above districts has already

been built up.

%1 YPAD: Yemen Port Authority Datum, hereafter all the levels are
indicated by this datum.
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(3)

Khormaksar is built on the tongue of sand linking the former island to
the continent, and the ground level varies from +2.7 m to +3.7 m. The
ground water level is about +1.50 m which is rather higher than those in
other distriets. The permeability coefficient in this area is 1.5

em/sec, and was obtained in field surveys.

Sheikh Othman, Mansura and Dar Saad districts are located north-east of
the bay, on the sandy plains formed by the Wadi Tuban, enclosing the
bay.

The present coastal plain, bordering the Gulf of Aden, is about 50 km
wide at its_widést location north of Aden. The plain is a depositional
feature superimposed on a marine bench cut in Oligocene and Miccene
sediments aﬁd erystalline rocks, subsequent to the last movements of the
rift fault blocks. The coastal plain has been built up in stages from
alluvial material brought by innumerable short wadis which drain the

ramped mountain ranges of the hinterland.

Along the coast between Al Mﬁkalla“and'Aden, a number of fishing
villages are supplied by wells within half a mile from the shore. The
water levels are a few feet above mean sea level and probably represent

wedges of fresh water floating on sea water.

Domestic water from shallow-wells 10-20 m deep normally contained 900

ppm to 400 ppm salinity.
Geology
The Aden Trap Series is part of an extensive elongated outcrop of

volcanic rocks associated with the Red Sea and Abyssinian rifts. The

association of voleanicity with the east African rift system, with the

west Arabian (Req'séa) and Levantine rifts, and with rifting in other

regions is well known.

The geblogy of PDRY is broadly di?isible into three .parts, viz. the

sedimentary platéau of the eastern part, the tectonically uplifted main

. basement block'of_thé western part, and a structurally depressed area in

the southwest, mainly covered hy volcanic roeks of the Aden Trap Series.
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The results of a study of the geological history of the western part of the

PDRY is summarized in the order of ages as follows
a. Precambrian Age

i. Deposition of sediments, probably upon a planed surface of older gneiSs,

accompanied by volcanic activity.

ii. Folding and regional metamorphism of sedimentary and mafic igneous rocks
to form the Aden Metamorphic Group, accompanied by syntectonic granite
invasion, granitization, and magmatization. The metamorphism was mainly
of mesozonal type, reaching grades appropriate to the almandine-

anphibolite facies.
. Late Cretaceous to Tertiary Age

Volcanic'activity in the southwest of the region, resulting in
formation of the Aden Trap Series in the Late Cretaceous to Tertiary

age. ‘Intrusion of alkalic granite and of silicic and mafic dikes.
¢. Late Miocene or Pliocene to Recent

Volcanic activity resulting in the Aden Volcanic Series, from the late

Miocene or Pliocene to recenit age.
d. Pliocene and Pleistocene to Recent

Formation of superficial deposits, terraces, raised beaches, and dune.

sands, from Pliocene and Pleistocene Limes onward.

'Certainly since the Mesozbic time and prébably since the end of the Precambrian
the region has undergone intermittent_epeirdgenic moveméntS;“Which éontinued
until recent time and was associated with faulting. Faulting is probably of
ancient origin with repeated rejuvenation along old trénds, A phase Of'faﬁlting
in the Red Sea_trend dating from at least late Cretaceous until 1até’EOéene
time is recognized. The main phase of faulting.in fhe Guif- of Adenztfend dates

book to early Miocene time.
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Table 2.1 shows the relation between geological ages and unit names.

Table 2.1 Rock Units of Western PDRY

Age ' " Unit name used in this report

Folian (dune sands)

Pliocene and .

Pleistocene to Recent _Superficial deposits, inecluding alluvium,
loess, silt, sand, gravel, and terrace and

raised beach deposits

Late Miocene or Aden Volcanie Series

Cenozoic to Recent

Late Cretaceous Alkaline granite

to Tertiary- Adén Trap Series

Intertectonic cale-alkaline granite
Intertectonic intermediate mafic plutonic
_ intrusions
Precambrian’ Syntecto
Aden Metamorphic Group

Older gneiss

9.2.2 Climatic Conditions

(1) General Characteristiics

Greater Aden area is situated within the seashore strip of Afro-Asian climatic

region of the tropical-zone of northern hemisphere.

The general -characteristics of climatic conditions in Aden are summarized as

follows.

a. High'temperatures_throughout the year with small seasonal differences.
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b. High relative humidity throughout the year.
¢. Scarcity of rainfall with average'annual rainfall of 68 mm.

d. Relatively stable seasonal wind directions, with the' prevailing wind
directions in winter being eastward and southward to westward in

summer, with transition periods in October/November and April/May.

Climatic data mentioned below have been obtained for the period 1971 to 1987 at

the meteorological station in Khormaksar (Aden Airport).
(2) Air Temperature'

Average daily maximun and minimum and absolute maximum and minimum, and monthly.
average temperatures are shown in Table 2.2. During the period of observation,
the absolute maximum and minimum air temperature was 41.8°C in June and 15.0°C
in January respectively. Monthly average temperatures vary from 25.5°C in

January to 32.3°C in June.

(3) Relative humidity-:

Average monthly relative humidjty are given in Table 2.2. Average annual
relative humidity during the pefiod of observation was 71% with a maximum of

75% in March and April and a minimum of 66% in July.

The maximum relative humidity was 92% in August and the minimum was 32% in

June, July and August.

(4) Rainfall

Monthly rainfalls are shown in Table 2.2. "‘Average annual rainfall is 68.0 mm.
More than half the annual rainfall is recorded in a four month period from

February to May.

Monthly air temperature, relative humidity and rainfall are shown in Figure-
2.1. '



(5) wind

The prevailing winter wind in the Gulf of Aden is the easterly which swings

southeasterly in the straits of Bab al Mandab. In May the humidity sometimes

rises and the winds are variable. From June to September they blow steadily

from the west into the main current

Sea and bring occasional violent storms. A dry northerly wind which is known in

Aden as the kawi (hot iron) blows occasionally in the Gulf of Aden during the

of the southwest monsoon in the Arabian

southwest monsoon. Monthly wind directions are shown in Table 2.3 and Figure

2.2.
Table 2.2 Climatological Statistics (1971 to 1987)
(12°50 N 42°02 E)
Temperature(“c) Relative Humidity(%) Rainfall{(mm)
Month Mean Daily Absolute Mean Mean Mean Mean Mean
Max. Min. Max. Min. Daily Max. Min.

Jan. 28.4 23.1 -30.3 15.0 25.5 70 &8 48 3.6

Feb. 28.7 23.0 32.0 16.4 25.7 72 91 50 11.1

Mar. 30.0 24.3 32.6 18.0 26.9 75 91 51 8.1

Apr. 31.9 25.7 38.0 19.0 28.6 75 91 41 7.5

May 34.1 27;6 39,3  21.9 30.7 13 91 37 11.6

Jun. 36.4 29.0 41.8 24.5 32.3 68 91 32 0.3

Jul. - 36.2 28.7 41.0 22.5 32.0 66 91 a2 2.1

Aug. 35.8 27.9 =39.8 22.1 31.4 67 92. -32 4.6

Sep.. 35.1 28.3 40.0 23.5 31.3 71 91 37 9.7

Oct. 32.7 25.0 38.0.18.2 28.9 69 90 37 5.7

Nov. 30.6 22.8 35.9 16.4 26.8 69 89 35 1.1

Dec. 29.0 23.1 3%1.0 16.0 25.9 71 90 47 2.6

Ave. 32.4 25.7 36.6 19.5 28.8 70.5 90.5 29.9 68 mm/year

Source: Meteorological Station



Table 2.3 Wind Direction (1971 to 1987)

{in %)
Direction

Month N NE E SK 8 SW W NW  Calm
Jan. 4 4 51 38 2 0 i 0 5
Feb. 2 3 69 25 1 0 0 0 3
Mar. 2 4 62 . 30 1 0 0 1 7
Apr. 1 3 87 27 1 0 1 0 4
May 2 5 60 28 13- 1 0 10
Jun. 4 & 20 2 5 25 12 2 19
Jul. 4 5 16 14 5 42 12 2 15
Aug. 4 6 18 23 7 30 11 1 18
Sep. 3 7 i 32 5 15 6 1 16
oct. 3 12 44 34 4 ' 2 0 11
Nov. 4 4 58 - 31 1 0 o 8
Dec. 3 10 42 41 4 0 0 9

Annual 30 5.8 44,8 29,2 3.1 9,7 3.8 0.6 10.4

Source: Metecrological Station
(6) Evaporation

Evaporation data obtained at Lahe]j Station which- is nearest to the study area
for 16 years from 1973 to 1988 are shown in Table 2.4 and Figure .2.3.
Evaporation varies from a low of 6.8 mm/day.in January to a high of 12.7 mm/day

in August with an average of 9.7 mm/day.

Table 2.4 Evaporation
' | - (mm/day)

Month Jan. Feb. Mar. Apr. May - Jun. Jul. Aug..Sep. Oct. Nov. Dec. Ave.

Ave, Evap. 6.8 7.9 9.0 10.1 10.9 11.3 12.1 12.7 10.3 9.5 8.4 7.0 9.7
(1973~-1988) '

Source: Meleorological Station

.2-8



// . .M
/ = E
3 3

N 9

T, S
N AR _
< ///////////////////////
T ///////////////
Emi——

—~;

—t
. g
N




_ L //////////m
//////////////////////
. /////////////o.m

(p/umm)




2.3 Socio-Economie Condition

.2.3.1 Macro-Economic Review

The People’s Democfatic Republic of Yemen {PDRY) is oﬁe of the least developed
countries (LLDC) in the world, with per capita GNP of US$ 480 in 1986. The
economy of the PDRY is dualistic in nature, with a modern sector i.e. refinery,
port and industries, .is centered around Aden, and a traditional subsistence

sector i.e. agriculture and fishing along the coastal areas.

After independence, the'économy was strained by the reduced activity in the
port and refinery in 1970s. However, due to the boom in the neighboring oil
exporting countries, the economy recovered, particularly with increases in the
workers’ remittances and foreign aid, which became major sources of foreign
currency to the codﬁtry. Iﬁ 1980s, the economy again siowed down and showed

extreme vulnerability to deterioration in the external economic environment.

The-gfoss_domEStic product (GDP) is estimated at current pfices and no
estimates of the detailed_structure'of expenditures are avdilable. According to
the'Minisiry of Planning, increases in GDP groWih'at factor cost were recorded
at more than 10%'between:1983 and 1984, whilst growth dropped dramatically to -
9% in 1886 hecanse of interndl disturbances in January of thal year which
adversely affected the national investment program. The economy, however,

subsequently recovered to achieve growth of 5.7% in 1987.

In terms of GDP at constant 198% prices, the real growth rates increased by
less than 4% in 1983 and 1984 while GDP sharply declined by more than 9% in

1986 and reﬁived to reach 3% in 1987. The details are summarized below:

Table 2.5  Change in Gross Domestic Product
(Unit: YD million)

1983 1984 1985 1986 1987

GDP (factor cost) 289, ¢

6 320.9 ' 320.3 291.6 308.1

-~ % increase | 10.5 108  -0.2  -9.0 5.7
GDP (constant price) *1  308.5 316.2 313.0  282.5 290.2
- % increase 3.5 2.5 -1.0 -9.7 2.7

Note: *1: IMF estimates



2.3.2 Sectoral Review
(1) Agriculture

The agriculture sector, which employs more than 40% of the total labor force
and which utilizes substantial amounts of government éxpenditﬁres, has
contributed only 12-14% to the GDP in the last five years. Cultivated land can
not easily expand duec mainly to limited irrigation facilities. Besides, recent
floods ‘in 1982 damaged the agricultural infrastructure. Nevertheless, the
overall development of the sector has improved since 1985 and the output of
most crops_increased in 1986, showing an averagé rise of about 14% in

production.

The agriculture sector in PDRY can be dividéd'into,fhree institutional
categories i.é. (1) state farm, (2) cooperatives and (3) private farmers. The
state farm, though supported ciosely by the government, aﬁcounts for 15% of the
agricultural outpat in .1985 and 1986. The cooperatives, which are managed
better than the state farm, have contributed around .40% of the output. In spite
of significant govérnmental'investment in state  farm and cooperatives, more

than 50% of the total preduction is accounted for by private farmers.

In principle, prices of agricultural products are set so as to provide
prdducers and marketing orgdﬁizations with adequate-inceﬁtives to sustain and
expand operations. In reality, however, -price adjustment :lags behind cost
increases resulting in an erosion of profitability and incentives. In genera}l,
prices of major crops in PDRY are higher than international levels. The
government finances the gap between the interﬂétional prices._and domestic
prices from the Price Stabilization Fund (PSF). Through the PSF, export crops
and import-substitution crops are encouraged by the government.

(2) Fisheries

Because of Yemen's long coastline, there ié ample potential in the fishery
sector for earning foreign exchange and satisfying_domestic food requirements.
Fisheries constituted about 50% of the total éxpdrts till 1986, while its share .
went down to 20% in 1987 due to rapid increase in petroleum=product'éxborts.
The annual fish catch dropped to 89,500 tons in 1987 from 91;400 tons in 1986.
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Fish production is carried out by five sub-sectors 1i.e. public,'cooperative,
mixed, private and foreign sub-sectors. Foreign company catch almost half the
total production. The pubiic and cooperative sub-sectors, which specialize in
high value species for ekport, account for around 40% and the private sector
accounts for the remainder. The major species are surface water fish, deep
water ftish, cuttlefish énd lobsters. The Ministry of Fish Wealth tries to
diversify the export market. Lobsters'are_now air-freighted to Italy and France
and 1ivé lobster export is also under study. Newer markets in Egypt and Jordan

are being explored.

The Aquaculture Research Center (ARC) which was newly established by Japan’s
grant aid has conmenced shrimp/cuttlefish/mullet farming projects. It is
ekpected that the Center will contribute to fishery sector development in the

country in the future.
{3) Industry

The industrial sector in Yemen comprisés largely-light consumer goods,'agro—
pased commodities and petrochemical relaied products for the domestic market.
The exports of manufactured products other than petroleum products are limited
to cotton, salt, leather, carpets and cigarettes and constitute a smail portion
of the total exports. The Government enacted the investment promotion law in
1981 in order to attract foreign capital, including from Yemenis abroad.
Nevertheless, the number of the industrial establishments have not increased

significantly until now.

The public enterprises, which account for a substantial portion of
establishments, pfoduced 70% of the total industrial cutput in 1987. The
pfivate sector contributes 17% of the total production. The major constraints
in the manufaéturihg sector in PDRY are: 1) limited domestic market, 2)
shortage in skilled workers, 3) lack of local inputs supply and 4} wage and

salary incentives problems.

The oil fefinery industry is rather exceptional in the country. The Aden
petrqiéum'refinery, which is, in fact, the 'single largest industrial
establishment, employs around 2,300. It was established in 1854 by British
Petroleﬁm, and transferred to Yemeni ownership -in 1977. The annual refining

capacity is 8.5 million metrie tons mainly for foreign crude producers; Due to
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competition with other advanced refineries in neighboring countries, however,
refinery operation has declined substantially repently. In order to alleviate
the monétary crunch, the refinery has started asphalt and LPG production for

domestic use and export.

2.3.3 Five-Year Development Plans

Development planning for PDRY was first initiated in the three-year development
plan which covered April 1971 - March 1974. It was then followed by successive
five-year plans extending from April 1974 - December 1978, 1981-85 and_1986—90.
Duriﬁg the period of 1979-1983, a five-year development plan was prepared for
implementation, but the plan itself was largely modified in 1981 and thus had
to be-feshaped as the second five-year plan (1981-1985).

The first three-year plan, which was made just after independence, emphasized
the transportation sector in order to provide necessary infrastructure to link
all the governorates together. The nexi two fivé—year plans placed priofity on
produciive sectors such as agriculture, fisheries -and industries. Sectoral
allocations of development expenditure under the first and second five-year

plans on actual basis are shown in table below:

Table 2.6 Sectoral Allocation of Development'Expenditﬁrés
{(Unit: YD million)

1974-80 1981-85

Actual % ‘Actual %
Agrieulture 72.7 23.0 84.4  12.4
Fisheries | 35.9 11.3 37.4° 5.5
Industry 24.3 7.6 20.6 3.0
Power ' 13.0 4.1 102.0 15.0
0il/Mineral 15.7 5.0 63.1. 9.2
Construction 11,0 3.5 13.2 .9
Trans/Communication 76.0 24.0 - 152.4 22.3
Trade - 3.5 1.1 . 33.6 4.9
Water Supply 2.2 0.7 28.5 4.2
Social Services 62.3 19.7 147.5 21.86
Total 316.6 100.0 682.7 100.0

Source: Statistical Year Book 1985-1986,
Central Statistical Organization’
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For the third five year plan which is now underway, priority is given to the
geological and mineral resource survey sector (17% of the total investment) so
as to further tap natural resources, particularly oil exploration and to earn

necessary foreign exchange. Sectoral allocations are as follows.

Table 2.7 Third Five-Year Plan, 1866-1990

(Unit: YD million)

1986 1087 1988 1989 1990

Agr/Fish 19.5 19.7 18.8 16.4 15.5

Ind/Pow/0il  42.3 43.1 35.3 24.5 19.0
Geol /Min 14.4 20.1 22.9 21.3 24,3

Com/Gons. 34.0 33.1 26.7 23.9 20,3

Social. 36.8 31.8 19.3 17.5 11.8

Total 147.0 147.8 123.0 103.86 90.9

Source: Ministry of Planning

2.3.4 Public Finance

The public finance of the Central Govermment constitutes (1) ordinary (current)
budget and (2) development (invéstment) budget for a fiscal year which
coincides with the calendar'year. The preparation of an annual budget usually
starts in September when the ministries submit budget proposals to the Ministry
of Finance for current budget and proposals to the Miﬁistry of Planning for

development budget.

The two budgets are then compiled as an unified budget under the control of the
Ministry of Finance. Through negbtiations carried out towards December, the
Ministry of Finance and the Ministry of Planning pass their final proposals on
to the'Sﬁpreme“Council of_Plénning, the Council of Ministers, and the Party’
Central Committee for their comménts_and'approvals. By the end of December, the

budget proposals are finally approved by the People’s Supreme Council.
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(1) Revenues

During 1982 and 1984, domestic revenues grew in nominal terms by more than 10% _
per annum. It déclined, however, by 3% in.1985 and further droppéd by 15% in
1986 because of internal disturbances. In 1987 the revenue rose sharply by 25%
reflecting improved econdmic‘ activities and particularly, contribution of

public corporations.
a. Domestiec Revenues

The most important domestic revenue source has been the eontributions from the
various public sector entities. It has accounted for more than 40% of the total
domestic receipts over the last three years. In addiiion, there are three other
principal sources of revenues which are {1) taxes on profits cf public Seétor
enterprises, (2) indirect taxes on commodities, mostly cigareties, beer and gat
and (3) iﬁport duties, which have,.however,‘declined recently due to import
contraction. The tax revenues altogether constifute 45% of the total revenues.

Details of Government revenues are illustrated in the following table:

Table 2.8 Domestic Revenues of Central Govermment
{Unit: YD_Thousand)

1985 1986 1987
Direct’ Tax 16,385 . 13,570 17,473
Indirect Tax 61,693 51,362 53,583
Public Sector 59,565 49,972 75,020
Services Fees 5,524 6,418 8,376
Transfer 775 902 1,152
Capital Revenue _ 1,526 94 171

Total ) 145,467 122,318 - 156,778

Source: Ministry of Finance
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b. External Borrowings

Reflecting the scarcity of domestic resources, the ecountry, in addition to the
above domestic revenues, is dependent on external resources. Particularly, in
order to make up for the gap between available domestie sources and investment
expenditures, foreign financial sources have been constantly sought. The

following is the sources of financing development projects for 1983-1087:

Table 2.9 Source of Developmeit Expenditures: 1983-1987
{(Unit: YD Thousand)

1983 1984 1985 1986 - 1987

Total Exp. 149,400 158,800 131,900 102,900 114,900
Domestic: 79,900 92,200 70,600 45,300 45,400
Govt Resources 60,900 64,500 48,300 38,400 38,400
Banking System 8,600 19,400 17,000 3,200 2,600
Self-financing 10, 400 8,300 5,300 3,700 4,400
Foreign: 69,500 66,600 61,300 57,600 69,500
(% of Total) (46.5)  (41.9)  (46.6)  (56.0) = (60.5)

Source: Ministry of Planning

The table exhibits that foreign resources cover nearly one half of the total
development expenditures during this period, and -in 1987, the share had gone up
significantly to 60.5%.

With such considefable_loan drawing, the.lohg—term external debt has increased
from US$ 945 million in 1983 to US$ 1,658 million in the mid 1988. Bilateral
“aid constitutes more than 70% of the 1ong—term'debt, of which the main donors
are U.8.8.R. (more than 50% of the external debt) and China (8%), éhilst the
rest is from international organizations, vi;. the World Bank and the Arab Fund_

for Economic_and Social Development (AFESD).
The debt service ratio rose to 15.8% in 1987 (the latest ratio in 1988 1is not

available). Nevertheless, according to the Bank of Yemen, the external loans

have been made‘aVailable with an average interest rate of just over 2%. It is
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expected, therefore, that the debt service obligations have still remained

manageable.
(2) Expenditures

The expenditures of the central government consist of the current outlay and
development outlay. The tfotal expenditures, including the current and
development outlay have declined from ¥YD 314.6 million in 1985 to YD 300.1

miliion in 1987.
a. Curreni Expenditures

The largest sharé of the ofdinary expenditures have been the wages and salaries
of the govérnment personnel which have constituted more than 50% of the total
outlay and have remained constant for 1985-87. Administrative expenditure, viz.
méterials and SUpplieé, which were curtailed substantially in 1886 because of
internal conflict, whéreas transfer payments, comprising pensions, subsidies to
PSF (Price Stabilization Fund), contributions to public entities and so forth,
have remained at the rate about 15% over the last three years. The current

expendifures are as follows:

Table 2.10 Curreni Expenditures
{(Unit: YD Thousand)

1985 1986 1987

Personnel - 90,700 90,900 98,600
Administration 54,900 45,100 48,100
Transfer '24,000 23,900 25,700
Capital - 14,100 . 8,600 - 12,800

Tatal 183,700 - 168,500 .~ 185,200

Source: Ministry of Planning’
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b. Development Expenditures

Although the year 1986 was the first yeaf of the third deﬁelopment plan, the
development outlay was greatly constrained to YD 102;9 million in 1986
compared with YD 132.0 million in 1985 and then recovered slightly to YD 11i4.9
million in 1987.

As for the sectoral allocation, power development has received the largest
portion of more than 20% followed by mineral survey (17%), social service
(15.2%), transport (14.8%),'and agriculture sector (13.0%). Over the last three
years, mineral survey and power sector expenditures have increased rapidly
while transport/éommuni@ation'and social service sector spending have declined
substan{ially. The p&opotion for the water supply sector to the total has risen
from 4.9% in 1985 td_6.6% in'1987.'Development expenditures by economie

activities are given in the following table:

Table 2.11 Investment Expenditures
(Unit: YD Thousand)

1985 1986 1987
Agriculture | 14,000 11,300 14,900
Fishery 2,000 2,300 5,800
Industry - 2,600 2,300 3,600
Mineral Survey 12,600 11,300 19, 600
Power 23,500 33,100 27,100
Water Supply 6,500 4,900_ 7,600
0il refinement 10;400 600 _ 0
Construction 2,400 200 100
Trade/Hotel - 4,600 1,400 1,800
Transport/Com 24,800 14,200 17,000
Social Service *1 28,700 21,200 17,500

Total =~ 132,100 162,800 114,900

Note: *1) Sewerage Sector investments are ineluded.

Source: Ministry of Planning
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2.4 Population and Tand Use

2.4.1 Nationa1 Census

The last population census was carried out in 1988, 15 years after the preVious
census in 1973. The results of the census ai‘e now being processed by. the
Central Statistical Organization, and is yet to be published. Preliminary
results have been obtained regafding the Aden Governorate pepulation.
Populetion distribution in the four districts in 1988 was given by CS0O in June

1989, before publication. These_figures are shown in Table 2.1Z below.

Table 2.12 Censﬁs Regords

Population ~ Annual Growth
District 1973 . 1988 Rate (%)
Ma'alla 47,044 ’ 53}404 0.85
Tawahi 16,444 18,815 0.90
Crater 54,261 59,725 0.64
Khormaksar 14,768 19,658 1.93
Sub-total 132,517 151,602 0.90
Greater Aden 240,370 -
Aden Governorate 291,376 418,755 2.4
PDRY Total 1,590,275 2,345,266 2.6

‘Total Aden Governorate population increased from 291,376 in 1973 to 418,755 in
1988, On the other hand, in the four distriects, population increased from
132,517 in 1973 to 151,602 in 1988. Out of the total population increment over
the 15 years, the four distriets accounted for less than 15 %. Therefore, the
ratio of the population of the four district to the totél governorate
population decreased from 45 % in 1973 to 36 % in 1988.

Annual growth rates of Aden Governorate and the_whole country are 2.4 % and 2.6

% respectively, for_the 15 year pericd from 1973 to 1988, On- the other hand,

annual growth rates for the same period in the four districts are in the range
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from 0.64 % in Crater to 1.93 % in Khormaksar, and 0.90 ¥ as a whole for the
four districts. Population growth rates in the four districts are again far

below the national average or the gdvernorate average.

This is. a reflection of the recent development trend in Greater Aden. As will
be mentioned in the next section, the four districts were already developed
prior to 1973, and recent developments have been concentrated in other

districts.

2.4.2 Presept Land Use

Present-lénd use in the Greater Aden was investigated under the study carried
out for DPS 2010. Detailed land use categories were developed and urban éreas
ih 1980 were identified according to these categories. Land use pattern in 1980
and areas of eaqh category are shown in Figure 2.4, and Table 2.13. Toial area
of Greater Aden is 49,088 ha, of which built-up areas account for 5,032 ha or
.10.2 %; The rest of the land is'occupied by mostly noninhabitable areas, such
as sand dunes, mountains and water bodies. Agricultural area and various kinds
of military facilities are included in the rest. Built-up areas are further
classified into three categories, viz. residential, non-residential and under
~development areas. Component areas of residential and non-residential areas are

shown in Table 2.14.

Since 1980, new developments have been occurring in several places in Greater
Aden. Most of these are, however, located oulside the four districts, as a
result of which no significant changes have occurred in the four districts

gince 1980.

The four distriets are already fully developed, and there is little land for
further development. This is mainly because of the topographic condition of the
districts. Three_diStricts, viz. Ma’alla, Tawahi and Crater are surrounded by
barfén and ragged mbuhtains. Sieep.hillsides around.these districts are
unlikely to be developed in the foreseeable future for housing, industrial and
other such purposes, except for special facilities such as those for tourism

and military purposes.

Khormaksar district lies on low and flat land, and the airport forms the

_pﬁysiqal boundary of the distriect. Although removal of the airport from the
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present location and construction of new one outside the urbanized areas is
recommended in the future in DPS 2010, this will happen beyond 2010. Expansion
of Khormaksar district will be limited physically by the airport by that time.

Land reclamation haé been carried out along the sea coast in Ma'alla since the
British era in the 19508, and work are still continuing in some parts. Mosit of
the reclaimed areas are earmarked as port area to be used for.speciAI pufposes.
Port facilities and factories related to them have been and will be constructed

on reclaimed land.

The four districts are classified into residential, commercial and
jinstitutional  areas. Almost all the'-goVernment buildings of nétional and
governoraté‘levels are scattered in the four districts. Thére are also several
-sizable:military facilities in ‘Tawahi and Khormaksar districts. Port facilities
and some industries related to port activity are located in Ma‘alla and Tawahi.
Some factories are located in the four distriets, however, they are small. in

number and scale. There are no large industrial estates in the four districts.

Table 2.13 Land Use in Greater Aden

Catégory - Area (ha) Percentage (%)

1. Built-up Area

- Residential Zone 1,670 3.4
- Non-residential Zone 1,918
- Under Developed Zone 1,445 2.9

Sub-total 5,031 10.2

2. Unbuilt-up Area

- Agricultural Zone 1,018 2.1
~ Sand Dunes and Low Land 37,824 S T17.1
- Mountain Area : 3,442 7.0
- Roads 111 0.2
- Military Area 340 0.7
- Waters _ ' 1,326 2.7
Sub-total 44,059 . 89.8
Total 49,090 100.0

Source: DPS 2010, Ministry of Construetion
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Table 2.14 Land Use Details in Built-up Area

Category Area (ha) Percentage (%)
. Residential Zone
~ Housing | 926.0 25.8
- 8Services and Sport 66.0 1.8
- Greenery _ 48.9 1.4
- Parking within Public
Centers ' 4.6 0.1
- Streets and Squares 474.5 13.2
- Menufécturing, Stores '
and Engiheering Works 150.0 4,2
Sub-total 1,670.0 46.5
. Non-residential Zone
- Industry 505.9 14.1
-~ Engineering Works 487.3 13.6
- Stores 21.3 0.6
- Services of Nationwide
Importance 88.0 2.5
- Seaport and Airport 478.0 13.3
- Area of Special Use 213.0 5.9
- Cemeteries, Waste
Disposal etc. 46,0 1.3
- Beaches 44.5 1.3
- Roads and Corridors of
.High Voltage Lines 30.0 0.8
- Garages (buses, lorries,
taxi, cars) ' 2.0 0.1
Sub-total 1,916.0 53.5
Total 3,586.0

100.,0

Source: DPS 2010, Ministry of Construection
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2.5 Public Health Conditions

2.5.1 Medical and Health Services

The Ministry of Health is solely responsible for medical and heélth services in
PDRY. There are 32 hospitals, 20 medical centers, 1 maternity center and 359
primary health care units in the whole country in 1987 administered by the
ministry. A total of 3,955 beds in the medical establishments'are available, Of
the total, 1,580 beds or 40 % of. the total are conceﬁtrated in the Aden
Governorate. Thus, number of beds'per population in the Aden Governorate is

more than double the'hational average of 17.3 beds per ten thousand persons.

In 1987, a total of 707 physicians, 435 medical assistants and 2,928 nurses
were working in the medical establishments mentioned above. The number of
physicians and nurses has been increasing significantly in recent years, and
is nearly three times the 272 physicians and 1,013 nurses in 1980.
construction of a new general'hoépital'in Crater district has commenced
recently, and it is expected to open to serve the public'in'a few years. It

will help raise the level of medical services in Greater Aden.
The numbers of medical establishments, physicians and nurses in PDRY in 1980,

85, 86 and 87, and the distribution of the beds among the six governorates are

shown in Tables 2.15 and 2.16 respectively.
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Table 2.15 Number of Medical Establishments

.and Medical Personnel in PDRY

‘1986

1987

1980 1985
1. Medical Establishment
- Hospitals 27 32 32 32
Number of Beds 2,757 3,197 3,177 = 3,454
- Medical Centers 13 19 19 20
Number of Beds 333 441 441 471
" Maternity Centers - 1 1 1
Number of Beds 30 30 30 30
Total Number of Beds 3,120 3,648 3,648 3,955
Number of Beds per Ten R
Thousand of Population 16 16 17 17.3
2. Medical Personnel
- Physicians (total) 272 557 610 707
- Physicians (local, of total) 114 423 476 553
- - Medical Assistants 435 478 644  NA
~ Nurses 1,013 2,395 NA 2,928
Number of Physicians per Ten
Thousand Population 1 3 3 3.1
Source: Statistical Year Book
Table 2.16 Number of Beds in Medical Estabiishments
by Governorates (1987)
Aden Lahej Abyan Shabwa Hadramo&t Mahra Total
1,580 746 405 275 824 148 3,978

Source: Statistical Year Book



2.5.2 Incidence of Diseases

Inadequate piped watér gupply system and poor sanitary facilities are obviously
one of the main causes of water borne diseases histoyically. Sewerage service
ratio and the number of water borne diseases, such as cholera, shows'good
correlation. However, incidence of infectious ‘diseases has been decreasing
remarkably in récent.years in most develdping countries regardless of the level
of sewerage service. This tendency is maihly due to the spread of medical
services. Low incidence of water borne diseases are hence not necessarily an

indication of a high level of sewerage service.

The reported number of water borne infectious diseases in Greater Aden are
shown in Table 2.17 below. As shown in the table, incidence of these diseases
nas been still at a high level, suggesting unsatisfactory sanitary conditions

in the Municipality.

Table 2.17 Reported Number of Water Borne Infectious Diseases

Disease 1980 1985 1988 1987 Ratio per 1,000
' habitant 1987 ¥

Dysentary 71,995 115,567 132,016 160,982 479

Poliomyelitis ' 8 32 il 26 -
Typhoid and Paratyphoid ~ 63 - 33 145 . 528 2
Infectious Hepatitis 15,682 5,681 5,806 8,244 25
‘Enteritis and Other _

Diarrhoeal Diseases 1,579 - - 7,814 23

Bilharzia L 2,903 4,615 3,887 4,458 13

Source: Statistical Year Book
% Greater Aden populatibn is estimated at 336,000 in 1987
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2.6 Aden Port and Tawahi Bay

2.6.1 Aden Port

The history of the Aden Port dates back to ancient times. It has.beeh playing.a-
vital role as a trading port in the regidn becausé of its geographical
location. The importance of'thé Aden Port increased when the era.of-greai
navigation started in the 15th century. The role of the port changed- gradually
as navigation method itself changed. After the fuel of ships changed from coal
tb petroleum in this century, bunkeringlof 0il became one of the major

activities of the port in addition to the historical role of trade.

There“are two harbors in Aden; the Inner Harbor in the vicinity of Ma’alla and
Tawahi districts and the Little Aden Harbor at ﬁhe western end of the. Tawahi
Bay. The Little Aden Harbor was constructed in the 1950s 'as a port for
petroleum shipment to and from the Little Aden Refinery originally'éfected by
British Petroleum. The Little Aden harbor hence serves exclusively for
petroleum. On the other hand, the Inner Harbor has broader port functions, such
as international and domestic trade, fishery and bunkering. There is alSo a

navy base in the Inner Habor.

Improvements of the Inner Harbor both in the sea and on the land have been
started as early as in'thé 1950s and are still under way at present. Dredgihg
of channels and reclamation of land by drédged-méterials are being carried out
in the vicinity of.Ma’alla district. Construction of wharves, on which new port
facilities mainiy for handling of cargoes will be located, is almosti- compleie
on reclaimed_land. The. appearance of this area will change'significantly in the
near future. On the other hand, port areas in Tawahli are divided into several
small areas specified for particular uses, such as fiéhéry, tourist and
military uses. There are no such large secale land reclamation as - that in

Ma'alla.

2.6.2 Tide Level

Tide levels at Steamer Point in 1988 and 1989 are.shown in Table 2.18. Monthly
high and low, and mean high and low tide levels in the tide'table are'présented

in the table. Highest levels are +2.2 to +2.5 m (datum is 1.34 m bélow'mean sea

level), and lowest levels . are -0,2 to +0.3 m, thus having maximum difference of
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levels of approximately 2.5 m. Monthly mean high levels are in a range from

+1.8 to +2.0 m, and mean low levels +0.6 to +1.0 m.

2.6.3 Tawahi Bay

The inner pari of the Tawahi Bay is surrounded by vast sandy coast. The depth
of the coastal waters in this part is very shallow and vast muddy lands appear
at low tide. There were several huge salt pans in the coastal area previously.
However, most of the salt pans are not in uée gsince a new salt plant was put
into opefation in Al Mansura. Utiiization of the coastal area for other
© purposes than salt production is very timited at present. One exception is a
coupled power station and desalination plant in Hiswa. Three units of thermal
 power generators are in operation and installment of the other two units are
under way at preSent.-The desalination plant, designed to utilize steam frdm
the power station, is expected to start in 1990. Fresh water produced by the

desalination plant will be mixed with groundwater for the water supply system.

No recreational areas exist in the coastal area of the Tawahi Bay. They are
located juSt outside the bay, beyond the two tips of Aden Peninsula at the
‘eastern end and Little Aden Peninsular at western end. Small bays, such as the
“Gold Mohur Bay and the Conquest Bay in the east and the Ghadir Ray in the west,
are utilized for many recreational purposes including picnicking, sea bathing,
fishing and'diving. The inner coastal area of the Tawahi Bay wiil unlikely be

used for this purpose in the future.
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Table 2.18 Tide Levels at Steamer Point

Jan.. TFeb. Mar. Apr. May Jun. Jul. Aug. Sep. Cct. Nov. Dec.
1988
Highest _
pay 19 19 19 16 14 1 1 30 - 27 25 22 19
Time 0646 2137 2048 1928 1807 1915 2009 0933 0813 0652 0533 0330
Level 2.33 2.49 2.53 2.52 2.43 2.20 2.18 2.23 2.30 2.36 2.37 2.28
Lowest - ' _
Day 19 16 16 18 16 30 29 - 27 28 - 28 23 22
Time 1401 1303 1237 0256 0156 0154 0141 0116 1535 1430 1331 1322
Level -0.15 0.02 0.02 0.16 0.07 -0.12 -0.18 -0.05 ~0.01 -0.15 -0.14 -0.03
Mean High .
‘Level 2.01 2.03 2.04 2.02 1.99 1.92 1.87 1.82 1.80 1.81 1.88 1.92
Mean Low
Level 0.84 0.84 0.85 0.94 0.95 0.88 0.73 0.63 0.66 0.77 0.85 0.90
1989
ﬁighest
‘Day 12 9 9 6 4 -1 1 20 17 15 12 11
Time 2337 2220 2103 1046 1824 1703 1728 0946 0828 0707 0548 0515
Level 2.34 2.48 2.56 2.59 2.55 2.43 2.17 2.19 2.26 2.36 2.42 2.39
Lowest
Day 8 6 6 8 6 4 2. 17 18 16 13 12
Time 1415 1356 1250 0315 0211 0156 0103 - 0133 1548 1443 1341 1331
Level -0.05 ©0.04 0.26 0.10 -0.04 -0.09 ~0.06 -0.01 0.02 -0.19 -0.25 -0.21
Mean High |
Level 2.04 2.04 2.04 2.02 2.00 1,93 1.86 1.81 1.78 1.83 1.89 1.97
Mean Low ' _ _ _
Level 0.88 0.83 0.86 0.94 0.92 0.88 0.74 0.65 0.84 0.86

0.67 0.73

Source: Tide Table, Proudman Oceanographic Labofétory

Note: Time; The first two digits indieate hour and the last two

indicate minute.

Levels are in meter, datum is 1.34 m below mean sea level.
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2.7 Existing Organization

2.7.1 National Level

The highest political power in PDRY rests with the Péople’s Supreme Council
which is led and guided by the Yemen. Socialist Pafty. The Council approves the
general fundamentals for the function of the Presidium, the Council of
Ministers and the other state organs and takes the necessary decigions in this
matter. The Council of Ministers is the highest administrative and executive

organ of stalte power. Organization of the government is shown in Figure 2.5.

General Directorate for Lopal.Government_(GDLG), which is one .of the member-
bodies of the Council of Ministers under direct control of the Prime Minister’s
office, is responsible for sewerage projects in PDRY at the national level.
GDLG had formérly_been called the Ministry of Local Governmeni until its name
was'changéd three years ago, but the Ministry’s role and responsibility were
taken over by GDLG in total. There are five departments in GDLG, organization
of which is shown in Figure 2.6. Roles and responsibilities of each department

are as follows.

Municipality Dept. Sewerage works
‘Cleansing
Public Health

Plaﬂning and Development Dept. Counterpart depariment to the
o Ministry of Planning

Rural development

Finance Dept. Financial adjustment of local
govermments
Establishment Dépt; Counterpart department to the

Ministry of Labor and Civil Service

Adjustment of manpower

Local Council Dept. Preparation of concerned laws,
regulations and erdinances
Attendance at the meelings of

People’s Loeal Councils
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Sewerage and public health projecis are under the responsibility of the
Municipal Department. Responsibilities of the department regarding sewerage

projects are as follows.

(1)

(3)

(4)

(5)

Preparation of the sewerage project developmenf plan for the nétional

five year'plan and for the annual investment plan.

Preparation of detailed designs, tender:dOCUments and provision of
supervision for project implementation financed by foreign countries or

international agencies.

Arrangement of domestic finance for improvement of sewerage works and

provision of supervision for project implementation.
Prebaration of laws and regulatidns_rélated to sewerage works.

Improvement of manpower and provision of training.
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Figure 2.5 Organization of PDRY Goverunment
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Figure 2.6 Organization of General Directorate for Local Government
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2.7.2 Local Level

There are six governofates in PDRY, Théy are Aden, Lahej, Abyan, Shabwa,
Hadramout and Al Mahra. In each governorate, a People’s Local council (PLC) is
established. PLC administrates local affairs throﬁgh its execution office, i.e.
- governorate office. Administratively, governbrates are divided inte districts,
ahd districts are further divided into centers. The Aden Governorate consists
of four districts and eight centers. Ceographically, Aden Governorate is
composed of Greater Aden on the mainland and Socotora Island. Three districts
of Al Shaab, Al Meena and Seera form Greater Aden, and the fourth district is
on  Scotora Island.'Al Meena Distriet consists of Ma'alla and Tawahi Centers,

and Seera Distriet consists of Crater and Khormaksar Centers.

The Aden Capital Municipality is one of the three organizations under exeeutiﬁe
office of PLC and admlnlsters the Greater Aden area. Operation and maintenance
.of the sewerage system is under the 1espon51b111ty of the Env1ronmental Health
‘pepartment of the Aden Capital Munlclpallty._There are three sections in the
Envirommental Health Department viz. Drainage and Pump, Public Heallh and
Cleansing Sections. The Drainage and Pump Section operates and malntalnb the
sewerage syStem through its three district offlces. The organization of the

aden Capital Municipality is shown in Figure 2.7.

The séwerage syétem in Aden has long history, dating back to the 1940s.
FExperience has been accumulated in operation and maintenance of the sewerage
system since then. At present; Aden’s sewerage éystmn is the wost advanced
system in PDRY and Aden is the'only city that has a sewage treatment plant. The
_mahagement system is a well organized one and the sewerage facilities are well

maintained in spite of a severe shortage of qualified staff and spare parts.
The responsibilities of the Section are classified as follows.

(i) Operation and maintenance of pumping stations and treatment plant, and

improvement of faulty equipment.

(2) Inspection and improvement of sewers, outfalls, ~manholes and septic

tanks.

{3) Replacement of sweeper passages by underground sewers.
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{4) Construction of new sewers in nnsewered areas.

{5) Maintenance of technical drawings and reports.
The Environmental Health Department suffers from a constant budget deficit in
carrying out its full responsibilities mentioned above. Insufficient number of

qualified 'engineers and skilled laborers prevent the Depariment from

maintaining a satisfactory level of service to the users.
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Figure 2.7 Organization of the Aden Governorate Office
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2.7.3 Existing Staff in Aden Municipality

The existing staff level in the Environmental Health Department by classified

sections and job classification are shown in Table 2.19. Breakdown of Pump and

Drainage Scction staff by districts is shown in Table 2:20. Characteristics of

the staff are shown in Table 2.21.

Although the present staff levels in the Pump'and Drainage Section is less than

the budgeted number as a whole, this section is staffed with fairly adequately.

In particular, engineers, technicians, skilled and semi-skilled laborers are

available in sufficient number. Therefore, the present staffing levels of the

Pump and Drainage Section can be considered to be a reasonable'basis for_the-

estimation of future requirements.

Table 2.19 Existing Staff Levels. in Envirommental Health Department

Public Health

Section Draiﬁage and Cléansing Total

Pump '

Budget |Actual Budget Actual Budget Actuai Budget Actual
Professional Engineers 6 5 B - - 6 5
Assistant Engineers 2 2 - - 11 2 13
Chief Superintendents - - 2 - - 1] 2
Supervisors 20 29 4 6 2 | 23 26 58
Technicians - 4 22 83 87 22
Skilled Craftmen 22 26 4 - 8 - 34 26
Semi-skilled Operators 30 | 338 80 - 68 - 1%8 38
and Craftmen's Mates '
Drivers 20 . 17 - 4. 1.632 5 S 652 _”26
Techﬁical Clerk 3 - - - - - 3 -
Lobourers 264 | 173 19 - 30 264 | 222
Watchmen 10 - - - - - 10 0

Total 377 | 200 | 92 53 {793 | 69 |1.262 | a12
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Table 2.20 Existing Staff in Drainage and Pump Section by Districts

~—.___District Al-Shaab Al-Meena Seera Total
érofessional Engineers 1 2 2 5
Assistant Engineers - 2 - - 2
Supervisors _ 12 7 10 29
Skilled Craftmen 13 3 10 26
Semi-Skilled Opefators 10 13 15‘ .38
and Craftmen's Matles
Drivers 8 2 7 17
Labourers and Watchmen 52 _ 48 73 173

Total © 98 75 117 | 290
Centers Litt}e:Aden, Tawahi Crater

Al-Mansura, Ma'alla Khormaksar

Sheik Othman

Sewerage Service . :
Area (ha) o 1 291 495

Length of Sewer (m) — 26,768 24,592
Number of Pump Station — 10 19

Table 2.21 Characteri$tits of Present Staff in
‘Drainage and Pump Section

+ ~ Average
Total Average Length of Salary
‘INumber age Service (YD/mon. Qualifications
(yvear)
Profeséional Engineers 5 35 5-20 100 University
Assistant Engineers 2 40 28 110
_Sppervisors. 29 . 37 20 90 Intermediate School
Skilled Craftmen .~ | 26 . o :
Masons - 10 40 15 90
Electricians 7 30 15 ‘90
Machinists _ 4 30 15 90
Carpenters/Timbermen | 5 30 20 - 80
Semi~Skilled Operators 38 . 38 20 90 Secondary School
and Craftmen's Mates : '
- P/S Qperators
Brivers - ' : . 17 35 20 80 Intermediate School
Labourers & Watchmen | 173 © 30 - 2§ 90 -
Total 290 30-40  5-28  80-110
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2.8 Laws and Ordinances

2.8.1 Laws

The Constitution of PDRY was proclaimed on 30th November, 1970. The last
amended Constitution has been-approVed_by the People’s Supreme Council during

its session held on 31st October, 1978.
In reference to economic activities, the Constitution stipulétes the folldwing.

The State shall lay the comprehenéive plans for the develﬁpment of - the
national economy, the rational investment of all the resourees,..... (Article

12)

The-State shall also own the principal méans of production in industry and
agriculture, It shall further own and undertake, by itself, the services of
the pofts,' banks, insurance, post, telecommunications and all the other

basic services necessary for thefdevelopment of the society........ (Article

14)

The democratic centralizatibn is the principle of the administration of the
national economy in.the People’s Deﬁocratic'Rebublic bf Yemen. Such means
the combination of the State’s central leadership of the economic activity
and the creative initiatives of the organs-éf the state’'s local authpritﬁes,
the productive establishments, the mass organizations and all the workers.

{Article 21)

The organs of the central state authority shall wdrk for-supporting'the
People’s Local Councils, developing “their functions -and exténding their
powers by means of the continuous transfer of their rights and duties to the
organs of the state iocal authority in accordance with the dévelbpment of

the political, economical and social relations.

From thesé Articles, it is clear that the'_centfal sﬁate éuthbrity has to
prepare the five year national economic déﬁélopmént piah, énd that the State
shall undertake sewerage service as one of the basic: services f6r the
development of the society. For exedﬁtion of the.serviée, tﬁe COnStitﬁtibn

requires the cooperation between central and leocal authorities,
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The Law No.17, 1977 (The Local Administration Law) was enacted on 2nd June,

1977 in accordance with the Constitution.

The Law requires the People’s Local Council and fheir egecutive buré&us to take
measures to protect citizens’ healfh and to fight against diseases. According
to the Law, saﬁitary services inclusive of sewerage shall be undertaken by the
People’s Local Council and their executive bureaus. At present, planning,
design and constructidn of sewerage systems are undertaken by GDLG, and
maintenance and operation are undertaken by the People’s Local Council

established in the provinces, districts and centers.
Responsibilities'to be assumed by the People's Local Councils are as follows.

{1) Management and development 6f health affairs in adcordance with the
programs approved by the government and taking the steps leading to up-
keep of the health of citizens and their ability to work and produce and
especially the campaign against illness and diseases and encourage
abiding by health conditions and establishment of care institutions and

organizations of their functions.

(2) Supervision and control of works of administrative departments attached

to it, to improve and develop them and those departments under them.

(3) Discussion of their annual budget submitted by lower Councils to higher
Councils whieh in turn submit it to the concerned bodies in the central

authority.
{4) Submission of proposals to ministries relating to the appointment or
transfer of posts for the purpose of carrying out fasks assigned to

them.

As a result, this law does not stipulate construction of a sewerage system, but

only general sanitary affairs.
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2.8.2 Sewerage and Drainage Works Ordinance of Aden Municipality, 1955

This Orvdinance was enacted before the independence and is still effective at

present.'The Ordinance stipulates the following.

(1) All public sewers and drains and sewage disposal works”within any
municipality shall be vested in the Council of the MunlClpallty for the

"~ purpose of this Ordinance.

(2) A Council may cause to be erected, constirneted, equipped and carried on

sewerage or drainage works within or without the munieipality.

{3) For the pufpose_of carrying out any drainage or se¢werage works, a

Council may-

a. cause such sewers, drains and pipes to bhe mﬁde; laid,
altered, deepened, covered and maintained, either within or without
the Municipality as may be‘neceséary-fdr effectiéely disposing of the
sewage or drainage of the Municipality or any.portion thereof from
time to time cause to be made and maintained all such reéervoirs,
sluices, engines, ventilation shafts and other works as may be

"necessary for cleansing and ventilating such sewers,; drains and

'pipes;

b. cafry stich sewers, drains, or pipes through, across or under any
public road, streét, square or open Spacé, or any place laid out as,
or intended for a public rbad, street, square or open space either
within or without the Municipality, without paying compensation, and,
after giving reasonable notice in writing to the owner or occupier of
the 1ntent10n to do so, perform the same in respect of prlvate lands
within or without the Municipality, upon making compensatlon for any
damage donie, the amount whereof shall be determined, in default of

agreement, by arbitration;

c. from time to time alter, enlarge, divert, discontinue, close up or

destroy any sewers, drains or pipes under the control of the Council;
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(4)

(5)

d. construct any works within or without the Municipality for the
purpose of receiving, storing, disinfecting, purifying or otherwise

disposing of any sewage or drainage;

e. in any case where, owing to the contour of the ground, or for other
reasons, it is difficult to connect for sewerage purposes any
premises within the Municipality direct with a public sever
maintained by the Council, the Council may subject to the provisions
of paragraph b. of this section, make connections with and ntilize
any private drain or privale ground so as to connect such premises

with any'public sewer:

Provided that upon such connection being made the said drain with which
connection is so made shall, from the point of such connection to the

point of junction with the public sewer, be consideréd and used as a

. combined or joint drain, and the cost of connection, repair and

maintenance of such combined or joint drain shall, as far as the same
shall not fall to ‘be borne by the Council, be paid and borne by the
owners of the premises respectively served thereby, in such proportion

as the Council shall from time to.time adjust and settle.

A Council, its officers and servants shall, at all times, have right to
access to private property for the inspection, maintenance, alteration
or repair of all sewers, drains, pipes, shafts or other conveniences
which,.are under the control of the Council, and may do all things
necessary to uncover and expose all sewers, drains, pipes, shafts or

other conveniences for the purpose of inspection, alteration or repair:

Provided that.the Council shall repair all damage caused by the exercise

of the powers confgrred by this section.

A Council may establish,‘main{ain and carry on any such sewerage farm or
sewage disposal works either within or without the Municipality as may

be necessary or advisable for the requirements of the Municipality, and

may farm the same and dispose of.thé.prdduce thereof; and neither the

Council nor any person shall be liable for any damage or nuisance which

is caused by the proper and ordinary conduct of any sewage farm or

sewage disposal works established, maintained or carried on under the

!
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(7)

provisions of this Ordinance.

A Council shall, by notification published in the Gazettie or in such
other manner as the Council may by resolution'direct, give at least
thirty days' notice of its intention:to commence work on the
construction or extensidn of any sever outside the Municipality and any
owner, lessee or occupier or any person affected by Lhe intended work
may object to such work by written notice serVed_on the Municipal
Secretary within the said period of thirty_days, and such work shall
thereupon not be commenced without the consent of the: Goverhor unless
the objection is withdrawn. In the event of an objection not being
withdrawn, the Governbf shall appoint such number of persons as he

considers necessary to inquire into the propriety of the intended work

‘and the objections thereto.

Any person who, without the prior consent in writing of a Council

shall-

“a. erect or cause to be erected any building or other structure over any

sewer, drain, or pipe vested in or constructed under the authority of

the Council; or

b. excavate open up or remove, - or cause to be excavated, opened up or
" removed, the ground under or near to any such sewer, drain or pipe;

or
c. make or cause to be made any opéning into any such sewer, drain or
pipe for the purpose of discharging sewage or drainage into the same

or otherwise; or

d. injure or destroy, or cause to bhe injuréd or destroyed any such

‘sewer, drain or pipe, or any works or things in connection with,
shall be guilty of an affiance and shall be liable on conviction to a
fine not exceeding one thoﬂsand:shillingS‘or'to imprisonment for a

period not exceeding six months or to. both such fine and imprisonment.

A Council may alter, demolish or otherwise deal with any'building'or
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(9)

structure so. erccted as it may think fit, or may make good any such

‘damage, or may close up any such opening, and the expenses so incurred

shall be recoverable from the offender.

A Council may make by-laws prescribing the sums to be charged for the
use of the Council’s drains, sewers or sewerage works, and these charges
shall for all purposes be deemed to be charged for sanitary services,
and shall be recoverable from the owner of any land or premises which

are connected with such drains, sewers or sewerage works.
A Council may-

a. carry out any work in connection with the installation or improvement
of a drainage‘or sewerage syStmn.on any land or premises, after
giving reasonable notice to the occupier thercof and may connect any
such sfstem with the Council’s drains or sewers, and mdy recover from
the owner of such land or premises the expenses incurred in such
work, including a reasonable charge for supervision, and if the work
is undertaken without the interposition of a contractor, for the use

of tools and plant; or

'b. advance to the owner of any land or premises the amount of any

expenses incurred or to be incurred by him in the execution of any

such drainage or sewerage work on such land or premises.

The Council may agree to accept payment of such expénses and repayment
of ‘such advances in such'installments, at such times, upon such

conditions as the Council may determine.

Such expenses and advances, together with the interest therecon, shall be
a charge upon the land or premises in respect of which the same are
incurred.or'madé, and shall be'paid to the Council by the owner thereof
for the time being,_anﬂ the installments thereof as they fall due shall
be r900verable_from_the present or future owner of the land or premises

in any competent Court.

The'Couhqil shall keep at the Municipal Office a register of all

expenses incurred and-advances made under the total amounts thereof, the
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installments in which the same are payable, the land or premises in
respect of which the same have been incurred or made, and the balances
for the. time being outstanding; and shall keep such register open at all
reasonable times for inspection by any perSOn,‘free of charge. BSuch
register, and any extract therefrom, certified by the Municipal
~ Secretary or by any other person authorized by the Council shall, in any
proceedings for the recovery of such expenses, advances or interest
thereon; or any installments  thereof, be prima facie evidence of the

matters contained therein.

Mothing in this section shall. limit or affect the power of the Council
to execute any work whiech the Council is by law or by any by -law in
foree in the-Munlelpallty, empowered to-execute or to recover the cost

of executing such work from any person who is liable thereof.

The fact that the British Army had to complete the medern sewerage system in
Aden during their colonial rule was reflected in the character of this
Ordinanee.'However, the contents of this Ordinance cover all the necessary
regulations to execute all sewerage works. Collection of sewerage service
charge is prescribed in the Ordinance. However, collection wes-stopped since

independence in 1969,

At present; there is a wide recognition among the authorities-coneerned to
enact a new sewerage law and to review the OrdinancezuResolution'59/81 of the
Council of Ministers directed PLC to establish a water and sewerage department
in its governorate office. However, thls resolution has not fully been reallzed
until now 1naiﬁ1y due to the following two reasons. There are cons1derab1e
differences hetween service levels of water supply and sewerage. The other
reason is the considerable difference in the service levels of the sewefage
system in governorates or major cities. Aden had been the only one c¢city that
was provided with modern sewerage system until Mukalla sewerage system was
completed in 1988. The oLher major cities in- PDRY have yet'to be provided with

modern sewerage systems. .-

A draft of new sewerage act was prepared in 1982, and discussion'has been
continued until now. It is proposed in the draft that local govelnments he made'
responsible for construction, operation and malntenance of sewerage systems

Collection of sewerage charge is also to be cons1dered. On the other hand, a
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socio-economic study for the improvement of the institutional and legal
arrangement is currently under way by GDLG, with Arab Social and Bconhomic

Development Fund financing.
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2.9 Water Supply System

2.9.1 General

The water supply system in Greater Aden has a lopg history, and is well
developed. Water supply systems developed individually in the past have- been
combined and linked tb each other, and now form an integrated Greater Aden
water supply system. At present, almost all the residents in the Greatér Aden
are supplied with piped water. Water supply facilities are well maintained by
Public Water Corporation (PFWC).

The source of the water in Aden is limited to_groundwater which is taken from
agquifer of wadis. Scarcity and limitation of available groundwater resources is
the most serious problem for water supply in the future, since groundwater is

the sole sources of water for all use in the region. -

Domestic nse including community use accounts for a dominant portion of water
consumption., Industrial water consumption follows domestic consumption, since
there are some large scale industries such as Aden Refinery:. Supply to ships
and to port facilities is an unique water consumption in the Aden water supply
system. Water tariff has long been established, and water charges categorized

by consumers have been collected satisfactorily.

A water Supply Mater Plan was prepared by a French consulting firm in 1979
based on long term projections of water demands. Develobmént of physical
systems, particularly, development of new well fields and installation of
transmission‘mains,.has been implemented in line with recommendation by the

Master Plan under World Bank financing.

The master plan was revised before the implementation of the Stage 2 Project in
1986 by a British consultant. Target year of the long term program was extended
by 10 years to 2010, and water deméhds were reviewed taking into.account'fhe
planning fundamentals recommended by DPS 2010, resulting in'higher projections
than those by the previous Master Plan. Stage 2 Project up to 1995'was modified
in accordance with the revised projections. Use of distilled water from the
Hiswa Desalination Complex, which is.expected to be commiséioned by'the end -of
1989, was included in addition to development of new.wéll-fiélds; At bresent,

PWC is implementing various development projects in the line with
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recommendations made by the revised Master Plan with financing from various

international and local sources.

2.9.2 Physical Systems

There were three well fields in Greater Aden Sheik Othman, Bir Ahmed and Bir
Nasir all of which are located in Wadi Tuban. Howevér, Wadi Tuban Aquifer is
totally overexpoited by water supply and'irrigation, resultihg in high:salinity
of Sheik Othman well water. Thus Sheik Othman well field was closed in 1984. In
order to resolve this problem and to meet growing demand, a new well field in
Wwadi Bana has recently.been developed at some 50 km distance northeast of Aden.
At present, Greater Aden is supplied by two aqﬁifers, Wadi Tuban and Wadi Bana.
Watef sent from the new well field in Wadi Bana is transferred to Bir Nasir and

then supplied.to Aden.

In addition, a hew well field to be developed in Upper Tuban, which was
proposed in the revised Master Plan, will also send its water to Bir Nasir. Bir
Nasir will play a role of a transmission center of water from rémote well
fields to Aden and of main well fields as well. HiswaiDesalination Complex will
be a new source of water in.the near future. When the desalination plant
becomes operational, Bir Ahmed will change its present function to being
supplier of groundwéter for blending with diStilled water from the desalination

plant.

There are three main water works in Aden, viz. Sheik Othman, Isthmus and Little
Aden, which receive water from well fields and distribute to their service
areas. Location of these water works, transmission mains and distribution mains

are illustrated in Figure 2.8.

All the four districts in the study area are supplied from Isthmus watér works
consisting.of pumping stations and storage tanks. Distribution systems from

Isthmus to the four districts are as follows.
(1) Crater -

Crater district is fed from the Main Pass masonry reservoir built in the

© 19305 on the site of an old fort at elevation +97 m. The reservoir is

3

separated into two compartmeﬁts, one of 5,400 m* capacity serving Crater
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(2)

(3)

and the other of 6,700 m®

capacity serving Ma’alla and Tawahi.
The Crater network is fed by a single 12" asbestos cement pipe. A 12"
pipe links Crater network to Khormaksar network, which can be used for

emergency supplies to either network.

A small booster pumping station at the southern end of the district, at

Ras Marshag serves consumers in a small area.

Ma'alla

The Ma’allé network is supplied from the Main Pasﬁ reserveir through a
12"' cast iron ‘pipe which forms -the trunk main of the hétwopk. The
network is generally in good_condition exéept in the reclaimed area
along the sea, where corrosion of metai parts occur. A 4;500 m3

balancing tank known as Ma'alla Class C tank was added in 1964.
Tawahi and Steamer Point

Tawahi and Steamer Point; as far as Gold Mohur beach, are supplied from
Main Pass reservoir through a 16“ Spun iron pipe whiéh traverses the
full length of Ma’alla district. Where it leaves Ma’alla, the 16"
diameter is reduced to 12". This 12" pipe runs along the coast as far as
Steamer Point. Tt supplies Tawahi and low-lying areas in Steamer Point,

and an old 900 m3 masonry tank at elevation +17 m. This tank then

" supplies the Rock House booster pumping station, which in turn supplies

(4)

high—l&ing areas of Steamer Point.
Khormaksar

Khormaksar network is supplied from the Isthmus‘thrdugh_a 16" pipe
linked directly to the network. Jebel Hadid tanks, which act.as'
compensating tanks, are located at the end of a 12" pipe. They consist
of two identical reservoirs made of steel panels built in 1964 on the
site of the former fort, Fach has a capacity of 2,250 m° at an elevation
+75 m. The network consists. essentially of class 20 asbeétos' cement
pipes. Two 12" pipes provide emergency links, one with Ma’alla, the

other with Crater.

H
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Figure 2.8 Water Supply System in Greater Aden

Source: Greater Aden Water Supply, PWC, 1986
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2.9.3 Water Consumption

Water consumption in Greater Aden in 1978 and 1984 were investigated when the
Water Supply Master Plan and the revised Master Plan were prepared,
respectively. Total consumption in Greater Aden increased from 34,45b m3/d in
1998 to 45,510m3/d in 1984 {(both oﬁ daily average basis), by 32 % or 4.7 % per
annum as shown in Table 2.22. Annual increase rate was higher than the
population growth rate for the same period, implying that the per capita water

consumption increased during these 6 years.

Table 2.22 shows water consumption by user categories. Dominant water
conéumptiqn is domestic use, which accounts for 54.7 % in 1878, and 50.5 % in
1984, and when it is combined with community and public organization
consumption, it reaches 64.1 % and 70.9 % . respectively. The second largest
consumer is military, although its water ﬁsage did not show any increase for
the pefiod. Commercial and industrial consumption accbunts for a rather small
percentage, 15.5 % and 13.0 % in 1978 and 1984, respectively, of the total
water consumption. Water consumption by port activity is a unique wafer usage

in Aden, which includes supply to ships.

Table 2.23 shows water consumption in 1984 by districts. Of the four distriets,
Ma’alla and Crater districts are considered as residential areas and most of
the water consumption is for domestic use. On the other hand, consumption by
public organization is the largest and that by military is substantial in
Tawahi. In Khormaksar, consumption by military and public organization accounts
for more than half the water consumption. Water consumption by categbry

reflects characteristies and present land use patiern of the four districts.
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Table 2.22 Water Consumption in Greater Aden in 1978 and 1984

1978 _ 1984 1984/1978

Category (m3/d) (%) (ma/d)' (%)

Domestic 18,840 54,7 23,000  50.5 1.22
Community 3,240 9.4 3,380 7.4  1.04
Public Organization NA - 6,900 13.0 - -
sub-total 22,080  64.1 32,280 70.9 - 1.46
Commercial &

Industry 5,370 15.5 5,900 13.0 1.10
Military . 6,220 18.1 . 6,050 13.3 0.97
Port Activities: 780 2.3 1,280 2.8 1.64
Sub-total 12,370 35.9 13,230 20.1 - 1.07
Total 34,450  100.0 45,510  100.0 1.32

Note: Figures for 1978 by Master Plan 1879, and those for 1984 by revised
Master Plan 1986. ' ' '
‘Category follows those by revised Master Plan,-and”Public
Organization was not classified by Master Plan 1979.
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2.9.4 Water Tariff

The present water tariff applied to consumers in Greater Aden is shown in Table

2.24. As shown in the tabie, highly progressive rates are adopted for domestic
consumers, although the lowesi rate is adopted for “this category. Special
consideration was given to low income consumers who canIUSe water up to 600
gallons/month free of charge. On the other hand,.relativély high rates are
applied to other consumers, such as foreigners, commercial, govermment and

industry.
Individual water coﬁsumption is metered and recorded every twd months by PWC.

Table 2.24 Water Tariff

Category Amount of use Fee .
' " (gallon/month) ' (fills/iOOgallon)
Domestic - 600 : : free
601 - 6600 - 30
6601 - ' 65
Commercial filat rate 159
Industry flat rate 105
Government_ - flat rate 133
Foreigner flat rate _ 170

2.9.5 Organization and Management

Water supply system'iﬁ Greater Aden is opéPAted under the management of the
Public Water Corporation_(PWC), a public corporation under  the Ministry .of -
Energy and Minerals. PWC was established ih‘1970. It is responéible for fhe.
planning, design, and construction of potable Wéter_supply systems and for the
operation and maintenance of these systems not only in Aden but also in fhe

other major urban centers in PDRY.
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PWC is divided inte five departments under the general manager. The

organizational chart of PWC is shown in Figure 2.9.

2.9.6 Development Plan

Recommendations for long term development up to 2000 made by the Water Supply

Master Plan are summarized below.

The main difficolty in developing Aden water supply is the severe scarcity of
water resources. Greater Aden is presently supplied from the Wadi Tuban
aquifer. This aquifer, which alsO'supplies local agricultural needs is,
according to available data, already overpumped. The present yearly volume

pumped for water sﬁpply, 17 to 18 million m3, cannot be increased.

Any increase in water supply must therefore come from another source. The Wadi
Bana aquifer, 50 km north-east of Bir Nasir, appears to be the nearest aquifer
able to supply several million m of water per year. On the basis of these

considerations, a flexible master plan is proposed:

(1) The distriet distribution networks, which represent.less than one third
of the cost and are difficult to modify since they are in built up
areas, will be'designed to meet highest consumption demand.

(2) The supply syétem to be implementéd step by stép'will be based on supply
from Wadi Tuban and Wadi Bana'aqﬁifers feeding compensating reservoirs
at Bir Nasir from which the district distribution networks are fed by
gravity. However the possibility of adding a 22,500 m3/day desalination
plant at Madinat Al Shaab will be considered in the design of Madinat Al
Shaab - Sheikh Othman - Mdﬁsﬂra network. Adding desalination plants at
Khormaksar near”the Isthmus will not pbse any problems, except
acquisition of suitable land, as they will directly feed the Isthmus

reservoirs.

Subsequent to the Master Plan, various studies on water resources including
groundwater from Wadi Tuban and Wadi Bana, and desalination were carried out.
The Master Plan was revised by a British'consultant in 1986 taking into account
the results of these studies. A long ﬁerm Strategy up to 2016 tdgether with

short term strategy up to 1995 (Stage 2) was established based on the revised
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projection for water demand. The main points of the strategies are summarized

below.

(1)

(2)

(3)

Water Demand

Water demand in 1995 and 2010 was estimated to be 43.5 million m3/year
(119,000 m3/d) and 71.3 million m3/year {195,000 mg/d), respeclively,
based on the medium projection.

Groundwater Production

Maximum projection of the existing and recentiy'developed well fields

are considered as follows.

Bir Nasir 12.0 million m3/year
Bir Ahmed 4.4 million m3/year
Wadi Bana 9.0 million m3/year

In addition to the above well fields, development of a new well field in
Upper Wadi Tuban was recommended based on the results of the recent

study as follows.

Upper Wadi Tuban 10.5 million m3/year

' Thus, the total groundwater production which can be maintained without

aquifer mining in the foreseeable future is estimated to be 35.9 million
ma/year {98,000 m3/d).

Desalinated Water

Since grbundwater production is limited to the above mentioned figures,
the only possible water resource to make up the deficit is from
desalination of sea water. At present, four evaporation batteries (3

duty, 1 standby), edch having a capacity of 4.9 million m3/year (13,400

' m3/d) are Dbeing constructed at Hiswa Desalination Complex. The total

capacity of the desalination plaht is sufficient to satisfy the demand
in 1995 and some years afterwards. However, development of new

desélination caﬁacity is reQuired by 2010. Installation of additional
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four evaporation batteries at Hiswa Desalination Complex is recommehdéd,
although location of the plant depends on the future distribution of

water demand and development of new techniques for desalination.

Water resources and bulk water distribution systems in Greater Aden in 1995 and

2010 recommended by the revised Master Plan are shown in Figures 2,10 and 2.11.
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2.10 Sewage Quantities and Characteristics

2.10.1 Sewage Quantity

In order to éstimate the present sewage flows in the project area, water
consumption records were sought from PWC pumping stations. Waters supplied to
Ma’alla and Tawahi districts are pumped from the Isthmus water works. The six
latest months’ flow rates from October 1988 to March 1989 to the two districts

are as follows.

Water Supplied to Ma’alla and Tawahi from Isthmus
' {unit: m3/d)

1988 - : 1989
Oct. Nov. Dec. Jan. Feb. Mar.

‘Ma’alla 8,390 8,138 8,715 8,255 7,865 8,478
Tawahi 6,188 5,814 5,926 6,068 5,920 5,449

Total 14,578 13,952 14,641 14,323 13,7856 13,827

Water supplied to Tawahi disﬁrict includes cdnsumption in military and
government féeilities. Also, these figures include system leakage in the
.pipelinés, which is estimated by PWC to be 20 - 23 % of the supplied water.
Accordingito the observations made by Aden Municipality, the tfotal volume of
sewage.flow into the sewerage system is 95 % of the water consumed in
households. If system 1eakage and losses in household are reasonably assumed to
be 20 % and 5 % respectively, sewage flows from the two districtis based on the

above figures are calculated as follows.

Wastewater Flow from Ma’alla and Tawahi

{unit: m3/day)

. Oet. Nov. Dec. Jan. - .Feb. Mar.

Ma’alla 6,376 6,185 6,623 6,274 5,977 6,443
‘Tawahi 4,703 4,419 4,504 4,612 4,499 4,141

Total 11,079 - 10,604 © 11,127 ~ 10,886 . 10,476 10,584




Thus present sewage flow in the two distriets is considered to be apprdkimately
11,000 m3/d. Water consumption in Ma'alla and Tawahi in 1984 was estimated to
be 5,680'm3/d_and 4,150 m3/d respectively, tdtaling 9,830 m3/d as -shown in
Table 2.23 in the previous section. Increase of water consumption fbr:the 5

year period is 12 %.

As mentioned above, sewage flow in Tawahi includes those from military
facilities and population contributing to water consumption:in the area' is
difficult to estimate. Per capita sewage flow is calculated by using sewvage
flow and population in Ma’alla. Daily average sewage flow calculated from the
above table is approximately 6,300 m3/d.'0n“the other -hand, present population

is estimated to be 53,404. Therefore per capita Sewage fiow is:
6,300 / 53,404 = 0.118 m°/capita/d (= 118 led)

PuC eStimated'average per capita water consumption in 1984 for the entire city
of Aden to be 97 lecd. Presently in Ma’alla district, commercial establishments
and government buildings are mixed with residential areas, which justify the

higher per capita sewage flow in Ma’alla.

The study team carried out round the clock sampling at Hedjuff P/S on 20/21 and
26/27 February. Sewage flows on these days from pump operation records were
3,968 and 4,522 m3/d} Sewage flow from C-class housing area bypasses the pumps
in Hedjuff P/S, and flow rate is comsidered to be 1,400 - 1,500 m3/d from the
population in the area. The measuréd floﬁs at Hedjuff P/S are in good agreement
with calculated sewage flow mentioned above. Figures in the above.fable-can

therefore be considered to be present sewage flow in Ma’alla.
If per capita sewage flow of 118 led is applied to the three other districts,
Tawahi, Crater and Khormaksar, total domestiq sewage flow from the four

districts is calculated to be approximately 17,900 mo/d.

2.10.2 Sewage Characteristies

The study team conducted sampling and analysis of the raw sewage from Al Shaab
STP and Hedjuff P/S during the period of the first on-site work. Sampling was
carried out twice for 24 hours at each sampling point. Average figures of items

analyzed are shown in Table 2.25 below. Details of the sampling method and
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results of analysis are described in Appendix D of the current report.

Table 2.25 Characteristics of Raw Sewage

Items Analyzed Unit. Sampling Point
Al Shaab STP Hedjuff P/S
st  2nd 1st 2nd
Temperature (°C) _
ambient 25.1 24.8 25.7 26.2
water 29.6 . 29.0 29.0  29.2
pH 7.4 1.5 7.1 7.5
coDmn (mg/1) 174 136 150 126
COoDer (mg/l) 763 662 632 794
BODS5 (mg/l) 384 328 321 326
SS (mg/l) 339 407 251 274
NH4-N - (mg/1) 43 44 53 67
K-N (mg/1) - 62 - 65
T-P (mg/1) - 11 - 13

Although raw sewage to the Al Shaab STP includes industrial wastewater, at most
25 % of the total flow, distinet differences are not recognized between the
] figures in the above table. Sewage to Al Shaab STP and to Hedjuff P/S are
considered to be of domestic origin. Figures regarding organic components in
the above table are, in general, higher than those of industrialized countries
such as Japan, but still in the normal raﬁge of domestic sewage. High
concentration of organic components'are mainly due to low water consumption
mentioned in the previous section. In consideration of the results of the
analysis and the conditions of ‘the existing sewerage systems connected to Al
Shaab STP and Hedjuff P/S, the above figures can be taken as representative .for
the Greater Aden and will therefore be the basis for future projection for the

project.

Peracapita'waste loading in term of BOD5 can be ‘calculated based on . the per
capita sewage: flow and average BODb concentrafion.- Per capita. sewage' flow
estimated in the'previous section is 118 led for Ma’alla. Average BODS
concentration for Ma’alla' (Hedjuff P/S) in the above table is 324 mg/l.
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Therefore, per capita BOD5 loading is obtained as follows.
118 x 324 x 10°° = 38.2 ged

Compared with per capita BOD loadings in industrialized and developing
countries, this figure is reasonable (Ref. NO;S).
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2.11 Existing Sewerage System

2.11.1 General

The'four distnicts, viz, Ma'alla, Tawahi, Crater and Khormaksar are provided
with wéter-bofne sewerage system. The oldest sewerage system was constructed in
Crater in the 1940s. Sewer pipes installed in those days are still in use in
Crater. In 1957, sewerage systems in Ma’alla and Tawahi were constructed. In
1963, overall improvement work was carried out in Crater and a new sewerage
system was constructed in Khormaksar. The existing sewerage facilities were
shaped'in the present form in the 19603. At present, most of the residents in
the four districts except for those inhabiting limited unsewered areas are

provided with water-borne sewerage system.

No treatment works have been constructed.for the existing sewerage system, and
- all sewage collected in the four districts is discharged to the sea by ocean
outfalls. Present disposal of raw sewage without {reatment causes pollution of

sea water, particularly in the Inner Harbor.

It is understood that the nuisance caused by the deficiencies in the existing
system has produced complaints from the harbor and other authorities and the
shortcomings in the systems are detrimental to the development of tourism and
trade and thus affect the potential for earning foreign currency. There is
considerable need to eradicate defiéiencies in the sanitation system serving
individual households but progress in this direction is inhibited by

shortcomings in the sewerage system.

There are a total of 30 pumping stations in operation at present in the study

area, and these are generally well maintained by daily inspection. However,

some pumping stations are in very bad condition because of deteriorating'
mechanical equipment and structures. In addition to these pumping stations

operated by Aden Municipality, there are a number of small pumping stations

which are not operated by the Muniecipality. These pumping stations are attached
Ito'public and individual premises, and normally operated by the organizations
such as airport, hospital and military authorities. However, when these pumping
stations are in repair, Aden Municipality is called on to inspect and restore
the facility.
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High temperature, sediments in sewer pipes, septic tanks at the end of
sweeper passages and frequeni force mains are the causes of hydrogen sulfide

gas ggneration resulting in damage to concrete and steel structures. Ashestos
cement pipes, cast iron pipes, concrete pipes and manhcles at many locations
subject to hydrogen sulfide built up are badly damaged. Also,'salihity in the’
groundwater or in the mist brought by winds or in Tine aggregatés cause

corrosion of conerete structures.

There are certain'small portions of unsewered areas iﬁhabited by low income
residents, wheére bucket System is in use for night soil collection, and these
are a health hazard. Besides unsewered areas, there still remain‘épen bhannel
sewage collection systems called sweeper passage. Raw'seWagé'from_hduséhoids'_
discharged to an open channel flows to a septic'tank before entéring
underground séwer pipes. This open channel colléction system poses a health

hazard to the publie. These systems will have to 'be  converted to a sewer

system..

Sewerage facilities in the four districts are summarized by components,;viz.
sewers in Table 2.26, pumping stations in Table 2.27, ocean oulfalls in Table

2.28 and sweeper passages inITable 2.29.

Description qf the existing sewerage Systems in the four distriets follows,
Details of the existing sewerage facilities in . the four districts are
illustrated on the drawings in Volume Four and tabuldated in Appendix C of the

current report.
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