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FOREWORD

Close to three billion people in the developing countries will need
impro-ved water supply and sanitation services by 1990. This is the
ambitious goal of the International Drinking Water Supply and Sanitation
Decadie (IDWSSD).

Among the major impediments to meeting this goal are a scarcity of
expertise for planning good projects and the lack of globally accepted
project preparation standards. The limited human and financial resources
in developing countries can be used more efficiently if water and
sanitation projects are initially prepared to standards meeting
requirements of approving authorities and financing agencies.

The Steering Committee of United Nations Agencies involved in
promoting the Decade was urged by developing country representatives to set
out, and make uniform to the extent practicable, the information
requirements of the agencies which provide financial assistance for water
supply and sanitation projects. At the request of this Steering Committee,
the World Bank commissioned the development of this Project Preparation
Handbook by three consultants, as part of the Bank-executed United Nations
Development Programme (UNDP) Project "Information and Training for Low Cost
Water Supply and Sanitation".

The Handbook consists of a set of Guidelines, setting out the
information requirements, and accompanying Case Studies which illustrate
how the Guidelines might be followed for specific projects. The Guidelines
and Case Studies are mainly addressed to proponents of water supply and
sanitation projects in the developing countries. They explain the process
of project development from the perspective of the agencies which might be
asked to provide financial assistance. Guidelines are suggested and
illustrated for the reports expected on completion of three successive
stages of pre-investment planning fo- specific projects: identification,
pre-feasibility and feasibility. In addition a Guideline is provided for
preparing a program of rural water supply and sanitation.

Guidelines cannot be a substitute for professional judgement. They
provide guidance, suggest approaches and methods of evaluation, and must be
sufficiently comprehensive to be useful in many situations, covering
projects of various complexities. They must be used flexibly. The extent
to which specific suggestions are followed, and in what detail, must be
left to the professional judgement of the planner. As a consequence, the
selection of staff responsible for project preparation, and local and
foreign consultants to assist them, if necessary, is the most important
step an agency takes in project development.

Flexibility in the application of the Guidelines has been a major
consideration in their preparation. The three project Guidelines of Volume
1 do not distinguish between urban, semi-urban or rural projects because
the principles and methods elaborated, properly applied, will
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result in the most cost effective project, regardless of location or size.
The final Guideline, however, is specially designed for a rural program,
involving a number of sub-projects for water supply and sanitation.

Because urban and semi-urban projects provide bette; opportunities
for demonstrating the full scope of the Guidelines, urban projects have
been selected for the Case Studies of Volumes 2 and 3. Even within that
framework, the Case Studies demonstrate different levels of preparation,
reflecting projects of different complexities: a simple project for a
small town; an immediate improvement program and a large and complex
project for a major city.

Many individuals in the bilateral and multilateral agencies and other
organizations named in the following list have reviewed the Guidelines and,
in most cases, the Case Studies. Their thoughtful comments, all of which
are gratefully acknowledged, led to substantial revisions and improvements
to the Handbook. Listing these reviewers does not imply in any sense that
these documents reflect all their comments or represent the official
policies of their institutions. Given the variety of institutional
objectives, it would be impossible, indeed, undesirable, to have one
single, rigid standard. What the authors have attempted to do is to
present a methodology and approach which will result in a plan for a
quality project whatever its complexity. Project proponents and
development agencies should together decide on the degree of detail that
any specific project requires. In this sense, hopefullv, the documents do
represent a standard acceptable to many institutions. The IDWSSD Donor
Catalogue is a first source of information about the particular
requirements of various international development agencies.

This Handbook will remain valuable only as long as it remains up to
date. We therefore anticipate future revisions to reflect new developments
and experience gained in the use of the documents. Similarly, the
addition of other Case Studies might be helpful. We would appreciate
receiving comments and suggestions for incorporation in future volumes.
Users of the Handbook are encouraged to send comments derived from its
practical application to the address below.

S. Arlosoroff, John M. Kalbermatten
Chief, Applied Research Senior Adviser,
and Technology Division, Water Supply and Urban
Water Supply and Urban Development Department,
Development Department, The World Bank
The World Bank

November 1983
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PREFACE TO THE CASE STUDIES

The Case Studies in Volumes 2 and 3 of this Handbook are typical
reports which illustrate the Guidelines in Volume 1. All refer to a
fictional area including Port City and the town of Farmville, in a
fictional developing country, Optima. While fictional, however, the
Case Studies are loosely based on a real example and contain credible
physical, engineering, financial, and economic information. And while
the reports refer principally to a large urban area, they do include a
component for a smaller town and for some rural villages.

There are five Case Study reports. The Identification Report would
typically be prepared by a sector ministry or agency in the country,
here the Port City Water and Sewerage Commission (PCWSC). The other
four reports could have been prepared by the agency itself but in this
example were prepared by consultants working with the agency.

The Immediate Improvement Project for Port City, the
Pre-feasibility Report for Farmville, and the Pre-feasibility Report for
Port City are examples of pre-feasibility reports, the first two in a
form suitable for presentation to an international development agency
for lunding and the third as an interim report toward the preparation of
the Feasibility Report for Port City. The Immediate Improvement Project
and the Farmville Report both illustrate that a comprehensive feasibi-
lity report is often not necessary for some financing agencies to decide
on a relatively small loan, either for the rehabilitation of existing
systems in a large town like Port City or for a comprehensive project in
a small town like Farmville. A full Feasibility Report is normally
essential, however, before a lending agency can agree to help finance a
major project like that proposed for Port City.

The variety of reports included in these Case Studies is intended
to demonstrate that the Guidelines should be followed in a flexible
manner. Indeed, none of the Case Studies conforms entirely to the
Guidelines. The format of any report must be adapted to meet the needs
of the particular project it covers and the audience for whom the report
is intended.

An important lesson that the Case Studies illustrate is the need to
build into the report-producing process some decision points to ensure
that those preparing the project are complying with the instructions of
their client. In these Case Studies, this is achieved through the
inclusion of a rigid schedule for production of and comment upon the
reports, as well as through the use of Technical Memoranda requesting
decisions from the Steering Committee overseeing the consultants' work.

A second important lesson is the need to integrate data and skills
from several disciplines, including engineering, financial, economic,
sociocultural, health, and management, in the process of preparing
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projects. As authors of these fictional Case Studies, using ideas and

data from various sources, we found this very difficult to do, even
among our small team. Yet, we urge all those concerned with preparing
real projects to work together, right from the start - it may be
difficult but it is essential.

These Case Studies have been prepared for educational purposes.
While they demonstrate the reports that normally make up the project
preparation process, they do differ from those that would be found in a

real case in a number of ways and thus should not be imitated exactly:

a) There is less technical substantiation here than would
normally be provided. For reasons of space various items
of background information, such as maps, geological
records, and copies of legislation and regulations have
been excluded. Many technical details concerning field
conditions, choice of materials, technical specifications,
alternative designs and other etL-ineering matters are also
omitted because such conventional topics are well under-
stood by experienced project planners. In the feasibility
study (Volume 3), many such details are assumed to be
available in Technical Appendices which would normally be
produced to substantiate the report but are not actually
included herein.

b) Design criteria, unit costs, and other technical data
discussed in the Case Studies are specific to the Optima
and Port City situation. Operation and maintenance assum-
ptions are likewise specific to these hypothetical cases.
Similar parameters for real projects should always be
specific to those projects; they should also be analyzed
carefully.

c) The figures in the Case Studies have been specially
prepared for reduction to single page size in black and
white. In reality, they would usually be both larger and
more comprehensive and might well include color.

d) Some of the terminology used in these reports may not be
standard in some countries. A figure illustrating some cf
the engineering terms used follows this preface. A list
of units and acronyms is included in each Case Study. It
is suggested that terms, units and acronyms acceptable to
the local authorities be used for specific projects.

In writing these Case Studies, the authors have benefited tremen-
dously from the assistance of many. The reports incorporate material
that originated from Doug Manion, Elizabeth Harwood, and Harry McPherson
of their firms and from Al Heron and Surong Bulakul of the World Bank.
Production of the reports has been a major challenge involving Erika
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Sheehan, Dilshad Karim, Robert McWilliams and Maria Fenyvesi of their
firms and Kathy Kerekes and Sylvie Brebion of the World Bank. The
Review Committee of the World Bank, including Mr. Leo Lawson, provided

invaluable guidance, as did the many external reviewers listed
previously.

The entire exercise could not have been completed without the

constant support of John Kalbermatten. To all of these we offer our
thanks. We nevertheless accept full responsibility for the final
product, a Handbook which we hope will benefit those faced with the task
of preparing real projects to provide people with improved services for
water supply and sanitation.

Ottawa Brian Grover
June, 1983 Nicholas Burnett

Michael McGarry
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SUXMARY:PROJECT DATA SHEET

1. COUNTRY: Republic of Optima

2. PROJECT NUMBER: One

3. TITLE: Port City Water Supply and Sanitation Project

4. TYPE OF PROJECT:

a) Comprehensive feasibility study for extending water supply and

sanitation services in Port City;

b) Immediate improvement project, including rehabilitation of
existing water supply and sewerage facilities in Port City;

c) Pre-feasibility study for sector service improvements in
Farmville;

d) Design and construction of (i) Water treatment and distribution
facilities,

(ii) Sanitation facilities, both
sewerage and on-site systems;

e) Provision of operation and maintenance equipment; and

f) Technical assistance including training of staff.

5. BACKGROUND AND OBJECTIVES: The government of Optima is committed
to meeting the basic needs of the population and to continued
industrialization. Specific targets are included in the Fourth
National Plan (1981-85) for achieving interim goals of the
International Drinking Water Supply and Sanitation Decade.

With a population of 1.4 million, Port City is the second
largest and the most rapidly growing urban center in the country.
It is a major industrial site. Its water supply is subject to
interruption during the dry season, inconveniencing its people and
constraining future industrial growth. Its sewer system is
limited. The widespread use of inadequate cesspits for on-site
disposal is making the city increasingly unsanitary. Public health
levels in squatter communities are very low, and there is an urgent
need for improved water and sanitation systems. The project will
alleviate all these conditions.

The Regional Development Bank is financing a major water and
sewerage project in Capital City, Optima's largest town, that is
scheduled for completion in 1982, one year behind target. UNICEF

and the Swedish bilateral aid agency are helping to finance rural
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water supply and sanitation projects under implementation by the
Ministry of Health.

An interagency task force formed at the initiative of the Port
City Water and Sewerage Commission (PCWSC) has examined the Port
City situation. Its report of September 1980 is available and
outlines the components of a possible water and sanitation
project. Other relevant material includes a 1978 study of Optima's
water resources and various local studies of Port City.

The task force report indicates that the preferred source to
expand Port City's water supply would utilize groundwater from the
area northeast of Port City, in the valley of the North River,
upstream of Farmville. Development of this source could also
provide additional water for Farmville, which now depends on
surface water from a dam on the North River but will need
additional water in the near future. Hence the project for Port
City also includes the possible supply of water to the town of
Farmville, with a present population of about 50,000.

6. RESPONSIBLE GOVERNMENT AGENCY: Port City Water and Sewerage
Commission.

Contacts with external agencies will be through the National
Planning Agency.

7. INSTITUTIONAL SUPPORT: PCWSC operates Port City's water and sewer
systems. The Ministry of Health is responsible for other sanita-
tion services. Both are competent, though understaffed at the
professional level. The Ministry of Water Development operates
Farmville's water supply and the Ministry of Health is responsible
for sanitation there. The National Planning Agency, the Ministry
of the Environment, and the local governments of Port City and
Farmville are also involved in sector activities.

PCWSC will manage the preparation of the project, under the
direction of an interagency Steering Committee headed by the
National Planning Agency. A Technical Advisory Panel comprising
experienced planners, engineers, and economists will assist the
Project Director of PCWSC.

It is envisaged that PCWSC may expand its responsibilities so
that the agency becomes primarily responsible for on-site sanita-
tion systems within Port City as well as sewerage, effectively
managing all water supply and sanitation systems within the city.
These proposed changes need to be worked out in collaboration with
the Ministry of Health. A similar consolidation of responsibi-
lities may take place in Farmville under the Ministry of Water
Development.
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8. DURATION:
Begun Duration Finished Tentative
at after Completion

(months)---------- Date

Pre-feasibility Study 0 8 8 Apr 1982
Feasibility Study 8 10 18 Feb 1983

Project Implementation 28 36 64 Dec 1986

9. STARTING DATE: August 1981 (month 0 above) is assumed starting

date for project preparation by consultants.

10.. SUWARY OF ESTIMATED PROJECT COSTS:

Local Foreign Total
(Z millions - current prices)*

Immediate Improvement Project (1982-1984) 6.0 2.0 8.0

Major Project (1984-86)
Water Supply Component 40.0 40.0 80.0

Sanitation Component 30.0 50.0 80.0
Total 76.0 92.0 168.0

11.. TENTATIVE FINANCING PLAN:

Sources Z millions* % of Total

Net Cash Generation by PCWSC 12.0 7

Proposed External Financing 92.0 55
Government Contribution 64.0 38

Total 168.0 1TO

12. FINANCIAL STRATEGY: PCWSC revenues come from water and sewerage

charges and government subsidies. The government has decided that

PCWSC must attain complete financial self-sufficiency no later than
two years after project completion. The feasibility study is to

include the formulation of specific tariff proposals to achieve

this objective.

13. SECTOR DEVELOPMENT PERFORMANCE: The Capital City Water Authority

has underway a major water supply and sewerage project that is

behind schedule. As part of the Fourth National Plan, the Ministry
of Water Development is implementing a program to provide water to

towns larger than 5,000. Roughly 85% of the urban population is to

be served by 1985. The rural water supply program of the Ministry
of Health is expected to serve 50% of the rural population by 1985.

* z 1.00 = US$ 1.00.
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14. OUXIPUrS:

a. Recommendations for immediate improvements in existing water
and sewer systems in Port City;

b. Pre-feasibility report for Farmville;
c. Pre-feasibility and feasibility reports for major water supply

and sanitation project for Port City; and
d. Implementation of projects for Port City and Farmville.

15. GOVERNMENT PRIORITY AND COMMITMENT:

a. Specific national goals have been prepared for the first five
years of the Decade;

b. The Port City project has high national priority and funding is
included in the Fourth National Plan (1981-85); and

c. The government is willing to create and support a Steering
Committee for project preparation.

16. EXPECTED BENEFITS:

a. 95% of Port City's rapidly growing population to have safe
drinking water and adequate sanitation by 1987, the year by
which the project is expected to be operational. The principal
beneficiaries will be the people of the town, and also industry
and commerce.

b. Improvements in Port City's environment, sanitary situation,
and public health, especially a reduction in gastroenteritis
among infants and children.

c. Improved financial and operational performance by PCWSC.
d. Augmented water supply sources for Farmville to avoid shortages

and improvements in existing water supply and sanitation
systems.

17. PREPARED BY: Michael Kolbi DATE: January 1981
Port City Water and
Sewerage Commission

Note

This Investment Project Data Sheet was originated by the World
Health Organization. The Data Sheet and instructions for its completion
presented in Annex 2 of the Guidelines in Volume 1 are included in the
booklet "Project and Programme Information System" for the International
Drinking Water Supply and Sanitation Decade. Copies of the booklet are
available from WHO and from the Resident Representative of the United
Nations Development Programme in each country.
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PROJECT IDENrIFICATION REPORT

1. IMRODUCTION

The government of Optima has endorsed the goals of the

International Drinking Water and Sanitation Decade. It intends to
provide the entire population with access to these basic services by
1990, though it recognizes that this target will be difficult to achieve
completely.

The Ministry of Health, assisted by the World Health Organization,

did a rapid assessment of the sector in 1979. Applying its 1979
estimates to the 1980 population, service levels are as estimated in
Table 1.

Table 1

Optima: Estimated Drinking Water and Sanitation Conditions in 1980

Urban Rural Total

Population:

Number of people (million) 3.9 16.1 20.0
% of total 20 80 100

Safe Drinking Water:

Number of people (million) 2.9 4.7 7.6
% of total 74 29 38

Adequate Sanitation:

Number of people (million) 1.9 2.1 4.0
% of total 49 13 20

Source: Fourth National Plan

The government intends to improve sector services during the Fourth
Plan (1981-1985) to the levels in Table 2.
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Table 2

Optima: Projected Drinking Water and Sanitation Conditions in 1985

Urban Rural Total

Population:

Number of people (million) 4.6 17.7 22.3
% of total 21 79 100

Safe Drinking Water:

Number of people (million) 3.9 8.9 12.8
% of total 85 50 58

Adequate Sanitation:

Number of people (million) 3.4 6.2 9.6
% of total 75 35 43

Source: Fourth National Plan

Capital City, the largest in Optima, has had a project to augment
its water supply and sanitation services under implementation since 1975
with extensive financial assistance from the Regional Development Bank.

The second largest - and the most rapidly growing - urban center in
Optima is Port City. Improved water and sanitation for its 1.4 million
people is a top government priority. The sources for Port City's public
water supply are fully utilized. Dry season water shortages have
occurred with greater severity every year since 1975. Sanitation,
principally using cesspits, is increasingly inadequate and unhealthy;
groundwater and surface drains have become grossly polluted.

An interagency task force was formed in 1980 at the initiative of
the Port City Water and Sewerage Commission (PCWSC) to examine the
situation.l/ It developed the outline of a possible project to improve

/ The task force, under the direction of PCWSC, included
representatives from the Ministry of Health, Ministry of Water
Development, Ministry of Agriculture, Port City Local Government,
Farmville Town Government, Ministry of Environment, and National
Planning Agency.
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sector services. The project is included in the Fourth National Plan.

The government hopes to receive international assistance in its planning
and implementation and, if necessary, in its initial operation.

As part of the Fourth National Plan the Ministry of Water
Development is planning projects to provide water supply services by
1985 to 85% of the people in towns with populations over 5,000. The

Ministry of Health intends to provide similar services to 50% of the
rural people by the same date. The Ministry of Health is also planning
projects to provide adequate sanitation to 75% of the urban and 35% of
the rural residents by 1985. UNICEF and the Swedish bilateral aid
agency are helping to finance some of these rural water supply and
sanitation projects.

2. THE PROJECr AREA AND THE PEOPLE

Port City, located on the west coast of Optima in Western Province,

is the country's oldest urban center and principal seaport. The
attached map (Figure 1) shows the project area, including the nearby
town of Farmville.

Port City is surrounded by mountains on two sides, the sea on
another and a creek boundary on the fourth. The urban area covers about
9,000 ha. The overall population density of about 150 people per ha
conceals great variations. Continuing growth in Port City implies
increasing densification because most available land is already
utilized.

A village until about a hundred years ago, Port City emerged as a

port only this century, experiencing rapid expansion during World War I
when the downtown core and commercial center grew up. The city subse-
quently expanded eastward from this core up the gradual slopes towards
the mountains. The major industrial site is near Main Street and the

rail tracks behind the port. The bulk of the population - some three
quarters of a million low income people - occupy the Lower Residential
area immediately east of the port and industrial area. Squatter commu-
nities have grown up in the years since Optima's independence in 1963.
The largest, Railville, now contains over 100,000 people in the area on
both sides of the railway tracks. Almost as many squatters have more

recently taken over slightly higher ground to the north known as Blight
Heights.

The military occupy or control some 15% of the land in Port City,

as well as the adjacent parcel between Swamp Creek and the North River.
The Port Authority owns all the land along the harbour from the railway

terminus north to Swamp Creek. Planned expansion of the port and the
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adjacent industrial areas is constrained by the squatter settlement of
Railville. The most recent statistics show that 50% of the townspeople
are Christian, 25% Hindu, and 25% Moslem.

About 300,000 of the city's population of 1.4 million are classi-
fied by the government as the low income group who are to be supplied
with safe water and adequate sanitation. Two-thirds of them are
squatters.

Farmville, 20 km north of Port City, is a rural center of about
50,000 people which has experienced rapid growth in recent years. It
contains a downtown core area, where about a quarter of the population
live, surrounded by suburbs. To its northeast is the North River Valley
where some 10,000 people live in small, scattered villages.

Alluvial plains south and west of Farmville support irrigated agri-
culture, principally sugarcane production on large estates which house
their workers in estate villages. The main water sources are the North
River, which feeds a canal system from the Farmville Dam, and ground-
water, which has been developed increasingly since about 1970. Fruit
and vegetable production is also expanding for both domestic consumption
and export. Water shortages inhibit the extension of irrigation in the
Farmville region.

Industrialization is increasing in Port City, particularly
textiles, chemicals, and food processing. Light manufacturing in small-
scale factories is concentrated near the port and is increasing at about
10% annually. Railway and shipping tonnages through Port City are
growing at annual rates of about 7% and 5%, respectively. Food proces-
sing is also very important in Farmville.

A recent government study has forecast that the population of Port
City and Farmville will continue to grow, rising to over two million by
1990, an increase of about 600,000, principally due to migration from
the rural hinterland. Population projections are provided in Table 3.
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Table 3

Port City: Recorded and Projected Population, 1970 - 2000

(thousands)

1970 1980 1985 1990 2000

Port City 1012 1405 1675 1995 2840
Farmville 35 50 60 75 105

Source: National censuses (1970, 1980); National Statistical
Office projections (1985-2000)

3. CURRENT WATER SUPPLY SITUATION

A. Water Resources

Port City is built on gently sloping ground above an alluvial
aquifer. The plains to the north and west, on the right bank of the
North River, are irrigated from the dam near Farmville and from local
wells. Further expansion of irrigation to the north is constrained by
lack of water.

The North River, draining a larger interior watershed, is the major
surface water resource in the region. But the supply from the Farmville
dam, built primarily for irrigation but also designed to supply the
town, is already fully committed. In the dry season the flows in the
North River downstream of the Farmville dam are mainly irrigation
drainage returns.

Port City obtains water from two streams in the nearby mountains,
the Wrong and Little Rivers, as discussed below. The Large River in the
mountains to the south is the major undeveloped surface water resource
in the region.

Groundwater along the coast is fully utilized; indeed, saline
intrusion threatens the aquifer. However, there is considerable
groundwater potential in the North River Valley.

B. Water Supply Systems

The public water supply system for Port City utilizes several
sources which were developed in this order:
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- shallow wells in the city;
- intake on Little River, supplying treatment plant in
southern hills;

- Heritage Reservoir on Wrong River, supplying treatment plant
in eastern hills; and

- northern wellfield between Farmville and Port City, along
left bank of North River.

Statistics concerning water production and use in Port City in 1980
are as in Table 4.

Table 4

Port City: Water Consumption and Production, 1980

Number of Connections Water Sales
(ma/average day)

Water Consumption

Industrial and institutional 1,256 44,700
Domestic 74,716 114,400
Standpipes 480 5,000

76,452 164,100

Unaccounted-for Water

(47.5% of water production) 148,600

Water Production

Town wells 34,200
Northern wells 83,100
Heritage Reservoir 155,800
Little River 39,600

312,700

Source: PCWSC

Roughly 90,000 people (6% of the population) are not suipplied from
the public system and depend on private wells. A further 330,000 people
(23%) use water from public standpipes or water vendors.

Industries near the port rely on shallow wells. However, the
groundwater in these shallow coastal wells is contaminated with bacteria
and high nitrates, mostly from cesspits in the unsewered areas of the
city.
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The public supply's wells are further inland. Even these are

threatened by deteriorating water quality. Only the relatively deep and
expensive private wells serving residential development east of the
city's distribution system can provide water of dependable quality.

PCWSC policy is to meter all consumers. Yet a shortage of meters
means that the consumption of some 21% of the city's 76,000 connections
is estimated.

The sources for the public water supply system are fully utilized.
Indeed, water shortages, which began in the 1975 dry season, have
worsened each year since. It is estimated that potential water demand
on the public systems during the 1980 dry season was about 30% greater
than supply.

Farmville obtains its water supply from the local dam on the North
River. The treatment plant, designed to use the town's allocation from
the North River dam, has been working to its capacity in the summers
since 1978. Demand has exceeded the supply from this source since then,
resulting in increasing shortages in Farmville. Its distribution system
is old and deteriorating rapidly with few working meters and many
leaks. Accurate water production and consumption data are unavailable
but a rough estimate is in Table 5.

Table 5

Farmville: Water Consumption and Production, 1980

m3/average day
Water Consumption
a) Industrial and Commercial 625
b) Residential 3,939

Total 4,564

Unaccounted-for Water
(50% of water production) 4,596

Water Production 9,160

Source: Ministry of Water Development

The sugar workers living in the estate villages south and west of
Farmville are provided with water from wells by the estate owners.
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4. CURRENT SANITATION SrTUATION

Drainage patterns in Port City are well developed because of the
relatively steep gradients from the mountains to the sea. Many drainage
gullies have been paved to increase capacity and reduce flooding during
storms. In the dry season, however, small but noxious flows of sullage
and septage (grey water and black water, together) are evident in many
drains, particularly in the denser and flatter sections of the city near
the coast. Solid wastes frequently block the drains, aggravating
environmental problems.

Sewers serve some 20% of Port City's population in the Old Town
near the harbour and the more established residential areas. The
sewered area includes the port, nearby industries, and older residences,
including rented housing in compounds. There are serious operating
problems at the lift station on the interceptor sewer along Main
Street. The result is frequent sewage overflows into the harbour.

All sewage flows to the Meanthyme plant, built in 1948 to provide
primary treatment for the city at a restricted site on Port Authority
property. The plant suffers from broken down equipment, staff problems,
inadequate finance and power interruptions. As a result, wastewater
flowing through the plant receives minimal treatment and increasingly
pollutes the harbour into which it is discharged.

The remainder of the population use on-site disposal. Cesspits and
septic tanks with seepage trenches are found throughout the middle and
low income areas of the city. They work reasonably well in the
residential suburbs but less effectively where population densities are
higher and soils less permeable. The squatter settlements have inferior
arrangements, mostly pit latrines which are poorly constructed,
unhealthy and obnoxious. Open defecation is also common.

Cesspits and septic tanks are periodically emptied by vacuum
trucks, especially in the higher density and lower lying areas. Private
operators charge commercial rates for this service. Bylaws require that
they discharge the septic tank sludge into the treatment plant, but many
use open drainage ditches.

The current sanitation situation thus has many serious
deficiencies, including:

- health and aesthetic problems caused by inadequate
sanitation in high density and low income areas;

- drainage ditches and groundwater increasingly contaminated
by wastewater and runoff infiltration;

- rising costs of emptying pits and septic tanks by tanker
trucks; and

- increasing pollution of the harbour.
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Farmville has one sewer system, covering a small area in the centre
of town. The treatment plant operates badly. Most of its residents
make private arrangements for wastewater disposal. Pit latrines,
cesspits, and occasionally septic tanks, are the norm; sanitation
standards are low.

The sugar estate workers are provided with latrines that are
substandard, but they maintain an acceptable level of sanitation.

5. NEED FOR A PROJECT

The total population of Port City is expected to expand by about
600,C100 between 1980 and 1990 to reach 2.0 million. The average annual
growth rate of 3.6% is significantly higher than the projected national
rate of 2.4%, reflecting continued rapid urbanization.

Service to those now connected to the water supply distribution
system is poor and getting worse, due to shortages of supply. There is
no capacity to serve more people. The problems caused by the inadequate
water supply systems are dangerous to public health, socially unaccep-
table, and politically serious. The sanitation system is even worse.
So far its political consequences are not severe because people are less
concerned with the proper disposal of wastewater and body wastes than
with the supply of water. But infant mortality rates and incidence of
gastro-intestinal disease and other indicators point clearly to serious
water and sanitation-related public health problems.

There is therefore an urgent need for action to improve water
supply and sanitation services in Port City to meet the basic needs of
its growing population, to improve public health, and to allow indus-
trial development. Farmville is also experiencing water shortages and
its possible future sources are the same as Port City. Accordingly a
regicnal solution for additional sources must consider water demand in
both urban centres.

6. PROPOSED PROJECT

The ideal project to meet both short and long term needs has not
yet been determined. The interagency task force recommended a project
with the following principal components:

A. Water Supply FacilitLes

1. Immediate improvement project for Port City, including:

- rehabilitation of existing wells and pump stations to make
them more reliable;
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- testing of water quality in wells and remedial measures;
- detection and repair of major leaks in distribution systems;
and

- provision of new meters for connections without working
meters.

2. Development of a major new water source for Port City and
Farmville. The principal alternatives are groundwater in the North
River Valley, northeast of Farmville, or the development of a
surface water source on the Large River, south of Port City. The
latter would involve a dam, treatment plant, pumping station, and a
major transmission system. Preliminary analysis suggests that the
groundwater system would be more economic, but further study is
necessary before a source is selected.

3. Extensions and improvements to the distribution system,
particularly in the low income areas that are not served at
present.

4. Reduction of unaccounted-for water. Improved control of flows
and pressures by means of systematic installation of valves and
meters and a leak detection program.

5. Operation and maintenance equipment.

B. Sanitation Facilities

1. Immediate improvement program for Port City, including:

- rehabilitation of sewage lift stations;
- controls over discharge of septic tank sludge by private
tanker truck operators; and

- installation of public toilets in squatter communities.

2. Possible construction of new treatment plant.

3. Extensions and improvements in sewer systems, possibly with new
sewers flowing to new treatment plant site by means of a new
collector.

4. Construction of on-site disposal systems in low income areas.

5. Operation and maintenance equipment.

C. Institutional Improvements

1. Establishment of a new tariff schedule and improved revenue
collection.
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2. Training staff of PCWSC and other personnel associated with the
project.

Available background reports relevant to the proposed project are
listed in Attachment 1. Copies can be provided on request.

7. COST ESTIMATES AND FINANCING PLAN

The total costs of the project are provisionally estimated at about
Z168 million in current prices as detailed in Table 6. About
Z76 mi.llion (45%) are estimated to be local costs and Z92 million (55%)
to be the foreign exchange requirements.

Table 6

Provisional Project Cost Estimates

Z million
(current prices)

Water Supply Facilities

Immediate improvement program 5.0
Source development and transmission system 50.0
(tentatively groundwater from North River Valley)

Distribution system extensions 25.0
Valves, meters, leak reduction, etc. 2.5
Operation and maintenance equipment 1.5

84.0

Sanitation Facilities

Immediate improvement program 3.0
New treatment plant 10.0
Sewer system extensions 50.0
On-site systems 18.0
Operation and maintenance equipment 1.0

82.0

Institutional Improvements

Consulting services 1.5
Staff training 0.5

2.0

Total 168.0
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It is tentatively suggested that the foreign exchange component be

financed by a loan from an international agency because such loans are
for long terms at relatively low interest rates. Some Z12 million could
come from PCWSC internal cash generation and the remaining Z64 million
from the government of Optima as either a loan or a grant.

Annual operation and maintenance costs have not been estimated at

this stage but are expected to be of the order of 5% of the capital cost
of the project.

8. INSTITUrIONS

The Port City Water and Sewerage Commission (PCWSC) has the

statutory responsibility to provide water supply and sewerage services
within the boundaries of Port City. The Ministry of Health is
responsible for non-sewerage sanitation in Port City and Farmville. The
water supply and sewerage systems for Farmville were built and are

operated by the Ministry of Water Development. The Ministry of Health
also monitors drinking water standards and sanitation practices

nationally.

Private developers must satisfy the urban planning authorities that
new developments have adequate water supply and wastewater facilities.
In practice this means that low standard water distribution networks are
provided on the assumption that PCWSC can supply the treated water. In
areas near the sewer network developers are supposed to provide sewer
extensions. In low density areas the developers must provide on-site
waste disposal systems (usually a cesspit). In high density or low
lying areas developers are to provide sewers leading to a package
treatment plant.

Major investment projects require the support of the National
Planning Agency. The proposed project is included in the Fourth

National Plan (1981-1985).

The recent task force studying the proposed project recommended
that PCWSC's responsibilities be extended to include all sanitation
within the city and not just sewerage. Similarly, the Ministry of Water
Development could take over sanitation in Farmville from the Ministry of

Health. So far there have been no decisions on these changes.

9. PROPOSED PRE-FEASIBILITY AND FEASIBILITY STUDIES

Aware that considerable planning and design are required before a

suitable project can be defined and costed, the task force recommended
that a comprehensive feasibility study be carried out with the assis-
tance of a consultant. The consultant's preliminary terms of reference,
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outlined in Attachment 1, are to submit pre-feasibility and feasibility
reports for water supply and sanitation systems in Port City according
to the principles outlined in the Project Preparation Handbook. An
immediate improvement project is also to be recommended.

A pre-feasibility study should be prepared for Farmville in paral-
lel with the Port City study because of the probable need for regional
development of water resources.

Project preparation will be managed by PCWSC under the direction of
an interagency Steering Committee that the government will create. The
Steering Committee, chaired by the National Planning Agency, will
provide high level advice on policy matters. A Technical Advisory Panel
comprising senior representatives from concerned agencies will guide the
PCWSC Project Director.

The full-time Project Director will be a senior executive of PCWSC.

The cost of the studies is provisionally estimated at
Z1.5 million. The government is seeking financial assistance for the
project preparation activities.

10. REC0MMENDATIONS

1. Obtain support from an international development agency for the
preparation of a suitable project. Hopefully, the international
agency will subsequently agree to finance the recommended project.

2. Have PCWSC manage and coordinate the pre-investment planning of the
project, under a Steering Committee to be chaired by the National
P?lanning Agency.

3. Finalize the terms of reference outlined in Attachment 1 and
initiate action to select a consultant.
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OUTLINE TERMS OF REFERENCE FOR PROJECI PREPARATION

A. Background

The government of Optima is committed to improve water supply and

sanitation services for people in Port City.

Port City Water and Sewerage Commission (PCWSC) will engage a firm

of consultants to prepare one or more projects to improve sector
services. The reports resulting from the consultant's studies must
provide a suitable basis to obtain financial resources for project
implementation from the government of Optima and from international
development agencies.

B. Objectives

The government intends to implement a suitable project in Port City

to meet the objective of providing access to basic water supply and
sanitation services to all people. The population is expected to reach
almost 2 million by 1990. The pre-investment planning of a water supply
and sanitation prcject must be completed by the consultant by early
1983.

Farmville, a town of 50,000 located some 20 km north of Port City,

is also growing quickly and in need of improved water supply and
sanitation systems. The government intends to implement a project there
at the same time as services are improved in Port City. It is possible
that the same water source will be developed to serve both communities.

C. Scope of Work

The consultant is to complete a comprehensive feasibility study of

a water supply and sanitation project for Port City in accordance with
the Guidelines in Volume 1 of the Project Preparation Handbook produced
under the auspices of the Steering Committee for the International
Drinking Water Supply and Sanitation Decade. The work will proceed in
two stages. A Pre-feasibility Report is to be issued roughly half-way
through the assignment, and a comprehensive Feasibility Report at its
conclusion. The Pre-feasibility Report can be considered an interim
report for the full Feasibility Report.

The Feasibility Report for Port City is expected to require 18

months to complete. Thereafter, detailed designs will have to be
prepared and financing arranged before a major project can proceed,
which will likely have a 2-3 year construction period. This indicates
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that substantial improvements in the existing systems serving Port City

are unlikely to be completed until sometime in 1986, or roughly five
years from the commencement of the feasibility study.

Water supply and sanitation services in Port City are deficient and

improvements are required urgently. Accordingly, the consultant is

expected to produce a report within six months of commencing the

assignment which will outline an Immediate Improvement Project (IIP) to
be undertaken by PCWSC to improve services rapidly, pending
implementation of the major project.

Water supply source planning for Port City should include Farmville

as well as Port City, because of serious water constraints in that town

andl the identified need for a regional water supply system. The
Ministry of Water Development is responsible for water supply and
sewerage in Farmville while the Ministry of Health is concerned with

on-site sanitation. The consultant preparing the comprehensive
Feasibility Report for Port City should also provide a Pre-feasibility

Report with recommendations for water supply and sanitation improvements
in Farmville. The consultant will not be expected to study the
Farmville situation beyond the pre-feasibility stage under this

assignment.

In addition to the general topics covered in the Guidelines, the

consultant is to consider the following specific information in his
studies and reports:

a) The principal alternative sources for meeting the regional water
requirements have been identified as groundwater in the North River

Valley and surface water from the Large River. The consultant is

to review other potential sources in the process of recommending a
phased program of source developments.

b) The sewer system Ln Port City has had only limited success because

of high capital costs and small numbers of connections. Many
septic tanks and cesspits are not functioning satisfactorily, and

sanitary conditions in parts of the city have deteriorated.

c) Water pollution of the harbour, caused mainly by poor operation of
existing sewage treatment plants and overflows from septic tarks

and cesspits, is aesthetically displeasing and of concern to
fishery and tourism interests.

d) The government is ready to consider a range of alternative

standards of service and appropriate technologies for both water
supply and sanitation. The consultant is to explore all feasible

options and to evaluate fully their social, economic, and technical
implications before recommending a preferred project.
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e) The government is committed to specific policies concerning low
income groups:

- all people must be provided with basic needs, including
access to safe water and sanitation;

- charges for these basic services must be affordable by
all, regardless of income level; and

- low income groups should have a reasonable opportunity of
employment in the construction and operation of nearby
projects.

Accordingly the consultant is to design a program for delivering
water and sanitation services, along with any supporting activities
which may be appropriate, to people in the low income group.

f) PCWSC is expected to generate sufficient revenues to cover all
operating and maintenance expenditures, plus a reasonable
proportion of its future capital requirements. Its policies and
procedures for charging for water supply and sanitation should
reflect the long run marginal costs of providing these services.

g) Institutional responsibilities for water supply and sanitation in
Port City and Farmville are diffused at present and should probably
be modified. The consultant is to provide specific recommendations
for rationalizing institutional responsibilities in the sector,
including implications for staffing levels, salaries and training
programs.

D. Management of Project Preparation

PCWSC has overall responsibility for project preparation and will
designate a Project Director for this purpose. He will report to an
interagency Steering Committee chaired by the National Planning Agency,
comprising senior managers of relevant government ministries, the Port
Authority, Port City Local Government, the town of Farmville, and
PCWSC. The Steering Committee, which will limit its concern to matters
of general policy, will meet infrequently.

Assisting the Steering Committee will be a Technical Advisory Panel
(TAP), chaired by the head of the Technical Services Department of PCWSC
(the Chief Engineer), which will provide guidance to the Project Direc-
tor on a regular basis. The TAP chairman will also serve as secretary
to the Steering Committee. TAP members will include experienced plan-
ners, engineers, economists, and financial officers from PCWSC, Port
City Local Government, the town of Farmville, and the Ministries of
Water Development, Health, Agriculture and Environment. Specialist
advisors, such as university faculty or senior consultants, will support
TAP as and when required.
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E. Information Sources

All tasks in this assignment are to be completed by the consul-
tant. However, the client is aware that much necessary information is
available within the public sector, at both national and local levels.
The Project Director, aided by TAP, will assist the consultant to obtain
existing information as outlined by the consultant in his proposal (see
Section G). The consultant will retain sole responsibility for
verifying the reliability of all information so obtained and for any
interpretations.

The following reports contain relevant information and shall be
reviewed by the consultant at the outset of the assignment:

1. "Port City Water Supply and Sanitation Project: Project
Identification Report," Port City Water and Sewerage
Commission, January 1981;

2. "Rapid Assessment Report on Water Supply and Sanitation
Sector in Optima," Ministry of Health in conjunction with
the World Health Organization, September 1979;

3. "Water Resources of Republic of Optima: An Overview",
Ministry of Water Development, 1978;

4. "Urban Development in Port City and Adjacent Areas,"
Department of Geography, University of Optima, March 1979;

5. "Water Pollution in Port City Harbour and Nearby Coastal
Zone," Ministry of Environment, June 1979;

6. "Port City: Water Supply and Wastewater Problems and
Prospects," Interagency Task Force, September 1980;

7. "Fourth National Plan for Optima, 1981-85," National
Planning Agency, December 1980.

The consultant is also likely to require additional social,
physical, economic, financial, and other data in order to complete the
study satisfactorily. Data acquisition activities must be approved in
advance by the Project Director. The resulting data and analyses by the
consultant must be suitably recorded and will become the exclusive
property of PCWSC on completion of the assignment.
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F. Schedule and Reports

The consultant is expected to work according to the following

schedule and produce the listed reports during the assignment:

Month Tentative Date Activity

0 August 1981 Contract with consultant signed.

1 September 1981 Consultant fully mobilized with office
and staff in Port City.

2 October 1981 Inception Report providing detailed
program for completing assignment.

6 February 1982 Report on Immediate Improvement Project
for Port City.

8 April 1982 Pre-feasibility Report for Farmville
Project.

8 April 1982 Pre-feasibility Report for Port City
Project.

16 December 1982 Draft Feasibility Report for Port City.
18 February 1983 Final Feasibility Report for Port City

Project (following comments of TAP).

The prompt submission of these reports will be followed by formal
reviews by TAP and the Steering Committee, providing decision points

throughout the project's preparation where major issues can be
resolved. The Steering Committee will provide comments and instructions

on the Pre-feasibility Report for Port City by May 15, 1982.

In addition to these scheduled reports, the consultant is expected
to submit brief reports or technical memoranda on an ad hoc basis

whenever immediate action is recommended or guidance requested from the
Project Director or TAP. Similarly, the Project Director may request
reports on specified topics whenever required.

G. Proposal by Consultant

Each of the five firms on the short list of consultants invited to

respond to these terms of reference is expected to submit a detailed

proposal within 45 days of the request. Briefings will be arranged for

each consultant to assist him to become familiar with the specific
situation in Port City. The consultant's proposal should include an

outline of data to be provided by the Project Director.

The Project Director, with the assistance of a special sub-
committee of TAP, will review the proposals and invite the consultant

with the best technical proposal to negotiate a contract within 30 days
of the submittal of proposals.
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The proposal should provide comprehensive information, including:

- detailed work program, with an indication of the proposed
schedule;

- list of key staff, international and local, with information
on their qualifications, experience, and expected role in
the proposed study;

- commitment that named staff are available and will be
provided if the consultant is selected;

- organization of consultant's team and responsibilities for
each task;

- detailed list of information expected to be provided to the
consultant from various public authorities through the
Project Manager;

- rationale and provisional cost estimate for data to be
collected and expected sub-contracts (such as additional
mapping, socio-economic surveys, site investigation, etc.);
and

- level of effort in terms of man-months for each and every
member of consulting team, including any appropriate
sub-consultants.
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XYZ Consultants
Sheehan Centre, Suite 103
350 Dilshad Road
Port City

February 15, 1982

Mr. K. Undugu
Project Director
Port City Water and Sewerage Commission
Port City

Dear Mr. Undugu:

In accordance with our contract of August 20, 1981 and its

accompanying Terms of Reference, we are pleased to submit our report on

an Immediate Improvement Project in Port City. The report takes into

account comments received on our draft of January 15, 1982.

We should like to acknowledge the generous cooperation of the staff

of PCWSC and the members of the Steering Committee.

Financing for recommended improvements should be arranged as soon

as possible so that implementation can proceed.

We are presently working on Pre-feasibility Reports for Port City

and for Farmville and expect to submit these within two months.

Yours very truly

X. Pert
Study Manager
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EXECUTIVE SUMARY

This report outlines a proposed Immediate Improvement Project (IIP)
to remedy problems in Port City's existing water supply and sewerage
systems. Longer term solutions are presently being analyzed as part of
the comprehensive feasibility study; the interim Pre-feasibility Report
will be issued in two mDnths' time (April 1982) and the final Feasibi-
lity Report in one year (February 1983). These reports will propose a
project for implementation in the 1984-86 period. The IIP covers all
measures which can be substantially completed by the Port City Water and
Sewerage Commission (PCWSC) in the two years before then (i.e., between
now and mid-1984) in order to rehabilitate the existing systems.

The main water supply components of the IIP include repairs to
wells, rehabilitation of treatment plants, the repair of malfunctioning
meters and the installation of new ones, a leak detection and repair
program, and the identification and regularization of illegal
connections to alleviate Port City's increasing water shortages (demand
restrictions have been in effect since 1975); repairs to chlorinators
and treatment plants to alleviate water quality problems; minor
extensions and repairs to the distribution network, including the repair
of 100 standpipes, the provision of 110 new standpipes, and the
installation of 8000 new house connections; and improvements in PCWSC's
procedures for operation and maintenance of the water supply system.

The main sewerage components include a campaign to provide 4,000
new house connections in the 35X of the city area that is sewered in
order to better utilize the existing sewers; inspection and repairs to
the sewers, repairs to the Sweet Street Pumping Station, repairs to the
Meanthyme Treatment Plant so that it can once again handle the
75,000 m3 /day flow of wastewater for which it was designed in order to
keep the existing system going until new facilities can be provided in
the 1984-86 project; the provision of new sludge collection trucks for
PCWSC and new sludge lagoons at Hog's Bay to alleviate the present
indiscriminate dumping of sludge on the tidal flats to the north of the
city; the rehabilitation of all existing public toilets; and improve-
ments in PCWSC's procedures for sewerage operation and maintenance.

These immediate measures are estimated to cost Z9.7 million in
current prices, of which Z4.8 million is for water supply and
Z4.9 million for sewerage. These estimates include an allowance of 25Z
for physical contingencies. Foreign exchange costs are estimated at
Z2.4 million. It is recommended that financing be sought immediately.
The Productivia Agency for International Development (PAID) has indica-
ted willingness to provide assistance for the IIP, including some local
costs. A grant will also be necessary from the government of Optima to
fill the gap between total IIP costs and the sum of proposed consumer's
contributions and the possible PAID loan. Financing must be secured
very rapidly if the IIP is to be implemented with the urgency that it
warrants.
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Units and Acronyms

BOD Biochemical Oxygen Demand

cm centimetre

ha hectare

IIP Immediate Improvement Project

ISD Institute for Social Development

1 litre

lcd litre per capita per day

m metre

m2 square metre

m3 cubic metre

m3/day cubic metres per day

masl metres above sea level

mg/l milligrams per litre

mm millimetre

MOE Ministry of the Environment

MOH Ministry of Health

MWD Ministry of Water Development

NRIA North River Irrigation Authority

PAID Productivia Agency for International Development

PCWSC Port City Water and Sewerage Commission

TAP Technical Advisory Panel

VIP Ventilated Improved Pit latrine

Z Zinar, the currency of Optima (Z 1.00 - US$ 1.00)

Note: The financial years of PCWSC and MWD are the same as the
calendar year.
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PORT CITY: IN4EDIATE IMPROVEMENT PROJECT

1. INTRODUCTION

This report has been prepared within the first six months of the
Port City assignment in accordance with the consulting contract of
August 1981 with the Port City Water and Sewerage Commission. The basic
objective of this report is to suggest actions which can be carried out
prompitly to remedy problems in the existing water supply and sewerage
systems. Terms of reference for the consulting assignment are provided
in the Project Identification Report of January 1981.

Longer term solutions for water supply and sanitation services in
Port City are presently being analyzed as part of the comprehensive
feasibility study, for which the interim or Pre-feasibility Report will
be issued in two months.

The comprehensive Feasibility Report should be complete by
February 1983 and it is assumed that financing for the recommended major
project can be arranged by the end of 1983, with implementation in the
period 1984-86. Few contractors are likely to be mobilized on the major
project before about micl-1984, bearing in mind the time needed for
tendering and contract award after project financing has been secured.

Detailed analyses and proposed long term solutions will have to
await completion of the ongoing feasibility study. In the meantime,
however, this report provides a brief overview of the existing systems,
suggests solutions to identified problems, and recommends implementation
of aa Immediate Improvement Project (IIP) to improve the present
deficiencies in service as quickly as possible.

In light of the schedule for the feasibility study, the IIP is
defined to include all measures which can be substantially completed in
the period between the date of this report (February 1982) and early
1984, when the major project is expected to be underway. Thus the
implementation period for the IIP runs from 1982 through 1984.

2. RiATER SUPPLY SYSTEM

The essential features of Port City's water supply system are shown
in FiLgure I-1. The city draws water from two surface and two
groundwater sources. The surface sources are the Little River, whose
raw water is treated at the Railway and Southern plants, and the Wrong
River, whose water is treated at the Mountain plant. The groundwater
sources are the Town Wells, sunk into the alluvium within the city, and
the New Wells, sunk into the limestone outside the city limits to the
north. In addition, some residences and a number of industries obtain
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water from private wells. The distribution system serves about 70% of

the population of Port City with house connections, about 80% of which

have functioning meters. There are almost 500 public standpipes, mostly

in areas not served by house connections.

Table I-1 provides a summary of PCWSC statistics concerning water

production and sales over the period 1970-80.

The most immediate problems with the PCWSC system and proposed

solutions to these water supply problems are discussed separately.

2.A Water Quantity

Existing consumers do not get a continuous supply of water.

Shortages are increasingly common.

The long term solution involves a combination of measures to

influence water demands and to develop new sources to augment the

supply. Major additions are also required to the transmission and

distribution networks.

Problems which can be solved as part of the IIP are discussed in

the following subsections 2.A.1 - 2.A.3.

2.A.1 Unreliable Wells

Eight of the older Town Wells near the city center are

operational. Two collapsed several years ago, and two more had to be

closed because of high nitrate levels. The operating wells can each

produce about 5,000 m3 daily.

The New Wells are in the limestone formation on the northern side

of the city. Twelve are operational and two more closed because of

excessive salinity. These wells can each produce about 10,000 m
3 daily.

An inspection visit in December 1981 revealed that two Town Wells

and three New Wells were out of order because of malfunctioning pumps or

motors. Some of the equipment problems are due partly to the

intermittent supply of electricity. Maintenance standards have not been

high, and PCWSC no longer has spare equipment to replace broken pump

sets. Consequently wells are often out of service for days or weeks,

while PCWSC attempts to purchase or manufacture parts for defective

equipment.

The solution is to standardize and overhaul pumps and motors and

provide improved electrical protection. There are basically two

different sets of equipment, one for each group of wells. This activity

requires the purchase of a comprehensive supply of spare parts, plus one

new pump and motor for each set of wells, to serve as standby equipment.



Table I-I PORT CITY: WATER CONNECTIONS, PRODUCTION AND SALES, 1970-80

1970 1975 1976 1977 1978 1979 1980

Residential Population'/ (thousands) 1,012 1,192 1,232 1,273 1,316 1,380 1,405

Number of Connections

Domestic 57,809 65,680 67,420 69,195 71,048 72,923 74,786
Standpipes 413 568 604 642 685 733 780
Industrial and institutional 438 697 775 859 949 1,047 1,156
Total 58,660 67,125 68,799 70,696 72,682 74,703 76,722

Water Sales (000 m
3
/average day)

Domestic connections 80.0 108.6 113.4 123.4 110.7 120.6 120.4
Standpipes 3.3 3.4 3.6 3.5 3.9 4.1 5.0
Industrial and institutional 16.2 25.8 29.4 33.1 32.6 40.7 44.7
Total 99.5 137.8 146.4 160.0 147.2 165.4 170.1

Water Production (000 m
3
/average day)

Surface sources:
Railway Treatment Plant
(Little River) 22.1 24.8 25.2 24.0 20.7 21.5 24.8
Southern Treatment Plant
(Little River) 10.8 11.8 11.5 13.0 11.8 13.5 14.8
Mountain Treatment Plant
(Wrong River) 108.7 146.2 150.1 147.2 128.1 146.8 155.8 O
Sub-total 141.6 182.8 186.8 184.2 160.6 181.8 195.4 t

Groundwater: X F
Town Wells (twelve) 34.6 37.8 39.6 38.3 35.2 42.3 34.2 r1 xt
New Wells (fourteen) 0.8 18.2 24.7 55.8 70.9 85.1 83.1 X

Sub-total 35.4 56.0 64.3 94.1 106.1 127.4 117.3 e

0
Total Water Productien 177.0 238.8 251.1 278.3 266.7 309.2 312.7 x O

____ C b 
Water Unaccounted For ¢

Amount (000 m
3
/average day) 77.5 101.0 104.7 118.3 119.5 143.8 142.6 P

% of Total Water Production 43.9 42.3 41.7 42.5 44.8 46.5 45.7

0
Notes: 1/ Census data for 1970 and 1980, interpolated for other years.

.f
Source: PCWS5 records N
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It is estimated that these improvements could increase output from
the wells by at least 10% or more than 10,000 m3 daily.

2.A.2 Treatment Plant Capacities

Operators at the surface water treatment plants run the filter
units at the same rate in the dry season as in the wet season, although
water quality is much better because of lower turbidity in the dry
season. Increased sedimentation and filtration rates are therefore
possible in the dry season, subject to the hydraulic capacity of each
plant. Trials in December 1981 at the largest plant, Mountain,
indicated that dry season peak flows at least 15% higher than permitted
by present operating rules can be treated without jeopardizing water
quality. The penalty is somewhat shorter filter runs.

Operating procedures at all treatment plants should be reviewed to
determine actual plant capacities under various raw water conditions.
Physical constraints, such as under-sized pipes, should be identified
and remedied where feasible.

It is anticipated that peak flows during the dry season period of
maximum demand can be increased appreciably at very little cost, if
innovative operating procedures are introduced. Of course, such
improvements will not increase PCWSC's total water production, when the
basic supply of raw water is limited, but should permit more flexible
operations by PCWSC, including expansion of capacity during periods of
peak demand.

2.A.3 Reduction of Water Losses

Unaccounted-for water was reported by PCWSC at 47.5% of water
production or 148,600 m3/average day in 1980 (Table I-1). This figure
is only an estimate because neither water production nor sales data are
recorded accurately. The majority of the master meters at the water
sources were found to be out of order when inspected in November and
December 1981. For most sources water production is estimated, based on
hours of operation of units of nominal output capacity.

Consumption has to be estimated for about 16,000 connections (about
21% of the total), because two-thirds have malfunctioniLg meters and
one-third have no meter at all. Replacements and repairs are urgently
required to remedy the measurement problem and permit PCWSC to better
understand how much water is being supplied but not sold.

Some of the water presently unaccounted-for is certainly being
used, but not billed, and so increased revenues will be one result. The
identification and regularization of illegal connections will be an
essential part of achieving this, along with the installation of
properly functioning meters.
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Water losses are known to be occurring through leaks in the
network, particularly in the older parts of the city. A systematic
program to allocate and repair water leaks is urgently required as the
present efforts of PCWSC staff (one crew with very limited equipment)
are inadequate. A specialist consultant is required to plan and help
implement the water loss reduction program. Terms of reference for this
important activity are included in Annex 1.

Pending detailed analysis and recommendations, a tentative list of
equipment requirements has been prepared:

- 26,000 new consumer meters (mostly very small ones) for
16,000 non-registering connections, plus 8,000 new
connections expect:ed to be made in next two years and 2,000
spare meters;

- spare parts for repairs to existing consumer and master
meters;

- 10 new master meters (various sizes) to record flows
entering the distribution system; and

- pipes, valves and special fittings for repairs to the
existing distribution system.

The servicing of these meters, plus those currently functioning,
will have implications for PCWSC's meter shop. Recommendations on this
aspect will be made in the Pre-feasibility Report. Section 4 of this
report discusses the implementation of the project.

2.B Water Quality

High turbidity is common when the rainy season begins. Groundwater
sources produce high nitrate levels (Town Wells) and high salinity
concentrations (New Wells). High coliform counts are found periodically
in the distribution system, particularly in the dry season when demands
are greatest and supplies restricted.

Little can be done in the near term to improve the quality of the
raw water at the various PCWSC sources. Because of existing shortages,
all available water needs to be used. However, several improvements can
be achieved in the quality of the treated water from the present
sources.

2.B.1 Treatment Plants

High turbidities are reported in the treated water from all three
plants during the rainy season, particularly at the start when
turbidities in the raw water are highest. Inspection of the plants has
revealed the need to correct several problems:
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- overflow weirs in the sedimentation basins require

adjustment;
- chemical feeders in all plants need repair or replacement;
- filter bottoms in the Railway and Southern plants need to

be replaced, and about one-third of the nozzles in the

underdrain system for the Mountain plant is not working;
- replacement filter media are required at four units for

the Mountain plant; and
- filter control valves at the Railway plant are damaged and

need to be replaced.

2.B.2 Chlorination

The chlorination system for the largest source (Mountain Treatment

Plant) works adequately, but those for the smaller treatment plants are

badly corroded, unsafe, and frequently out of operation. They require

major overhauls. Water from the Town Wells is supposed to be

disinfected by individual chlorinators at each well. Four of these

units have been continuously out of service, and the rest have operated

only intermittently. All require inspection and repairs.

2.C Distribution System

Many people are not served with individual connections to the PCWSC

system because the network has not expanded fast enough to accommodate

urban growth. They have to rely on standpipes, private water carriers,

or private wells. In other areas the existing network is so weak that

very low pressures and empty pipes are common.

Roughly 70% of Port City's population is served by house connec-

tions. Major extensions to the network, particularly on the north side

of the city, need to be completed to improve service levels. This work

will be included in the future major project from 1984 onwards, but

other steps can be taken to improve the system rapidly in the IIP

period.

2.C.1 Minor Extensions and Public Standpipes

Skeleton networks to supply public standpipes should be constructed

as soon as possible in areas not presently served by any distribution

systems. Private connections would not be permitted in these areas

until the complete network is designed and installed in the years ahead.

Preliminary estimates indicate that roughly 20 km of pipes and 60

public standpipes are required immediately in the unserved areas at the

northern edge of the city. Roughly 50 more standpipes are required to

improve services to low income residents at various locations throughout

the city. The basic criterion is that no resident should be further

than 400 m from a public standpipe. Efforts will be made in the future
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to reduce this to 200 m. Standpipes should also be placed on both sides
of the road at intersections so that children can collect water and
carry it home in safety from traffic.

The low income and squatter communities are divided into well-
defined local neighbourhoods. The wishes of these neighbourhoods should
be considered when choosing specific sites for the standpipes. Stand-
pipes should be positioned so that they serve specific neighbourhoods,
and the residents feel that they belong to the neighbourhood. This
should lead to better care of the facility and reduce the costs and
frequency of future maintenance.

Minor extensions should also be provided in priority areas where
the main elements of the network are already in place but pipes are
required down residential streets. An estimated 15 km of these minor
extensions are included in the IIP.

Repairs and renovation are required for about 100 existing
standpipes to reduce leakage, and in many cases to provide mDre taps.

2.C.2 Network Improvements to Improve Pressures

The basic cause of low pressures in the network is water
shortages. However, a preliminary analysis of the network has revealed
local pressure problems believed due to damaged or unidentified valves,
pipe encrustation, and air locks. Some dead end sections could have
pressures improved by looping to connect to nearby pipes. Repairs to
pipe sections to remedy such specific problems should continue to be
diagnosed and resolved by PCWSC staff. Additional pressure gauges, as
well as valves and perhaps 5 km of pipes, are likely to be required
durinig the IIP for this work.

2.C.3 New Connections

Although some 1,800 new connections were provided in 1979 and 2,300
in 1980, PCWSC has a backlog of about 4,000 requests for connections in
areas where networks already exist. The total number of connections
expected to be installed during the IIP totals 8,000.

The cost of these new connections, which average ZIOO each, is
charged to the consumer.

2.D Operations and Maintenance

System operations are hampered by poor organization, bad
commutnication, and equipment shortages.
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The fundamental legislative framework, organizational structure,

and manpower requirements of PCWSC are being reviewed as part of the

feasibility study. Recommendations for long term improvements must

await the results of this work.

There are a number of specific improvements, however, which can

already be suggested and will be compatible with alternative

organizational arrangements in the future. These relate mainly to

present shortages of equipment for operations and maintenance.

Communications within the existing PCWSC system are rudimentary.

The Southern and Mountain treatment plants and the office complex at the

Railway plant all have telephones on the public system. There are too

few lines, however, so calls are often delayed and the telephones are

often out of order. A radio network should be installed to link these

production sources as well as the operating staff at the Hillside and

Metro Reservoirs. This will facilitate operational contacts generally

and emergency communications, dealing with breakdowns, in particular.

The average age of the PCWSC fleet of 37 vehicles is nine years,

and at least 40% are off the road for repair at all times. Approxi-

mately ten of the oldest vehicles are well past their effective life and

must be replaced, while another ten are required to support the expanded

construction and maintenance activities of the IIP. These 20 vehicles

(3 large trucks and 17 light trucks) should be purchased as soon as

possible.

Special repair equipment, including excavators, compressors, pumps,

welding sets and emergency lighting, is needed to improve PCWSC

capabilities for pipe repair and replacement.

The PCWSC workshop at the Railway treatment plant needs to be

modernized and better equipped to support operations and maintenance

activities. New wiring, plumbing, and decorating are required, plus

workshop tools. Also, the stores need to be better stocked with valves,

pipes, and fittings used routinely in the distribution network. The

meter shop's adequacy is now under review. Security around the workshop

and stores has to be tightened, including 24-hour patrols and more

stringent limitations on public access.

3. SEWERAGE

Figure 1-2 shows the main features of the two sewer systems of Port

City, which cover roughly 35% of the urbanized area but serve orly about

260,000 people, or less than 20% of the city's population through 24,600

connections. Figure I-3 shows the residential zones in the city. The

main sewer system serves the Old Town and Business zones completely,

plus about half of the Middle Residential zone. The independent Seaview

system serves most of the properties in this residential suburb.
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The main system has been gradually developed since about 1920, and
the Meanthyme Treatment Plant began operating in 1950. There are four
main trunk se-7.ts, three of which flow by gravity to the treatment
plant. qlows it, the Low Level trunk sewer are lifted into the Mid Level
trui< sewer at the Sweet Street pumping station. The Meanthyme
Treatmeut Plant is designed to provide primary treatment before
dischargiQg the effluent to the harbour through an outfall sewer.

The newer Seaview system comprises gravity sewers and provides
primary treatment before effluent disposal to the sea.

The sewer systems operated by PCWSC are inadequate to serve the
city's growing populationi. A master plan exists for the extension of
the sewers, but PCWSC has been unable to implement it 'lecause of the
high costs involved. The ongoing feasibility stue- is exploring
alternative technical solutions to improving sanitation in Port City.

Public toilets and a range of on-site sanitation systems are in use
in areas outside the PCWSC sewer system. But the manidate of PCWSC
restricts the agency to dealing with sewerage so the focu& of the IIP is
limited to those systems (including public toileLF-) already operated by
the agency. The on-site systems will be discussed in the
Pre-feasibility Report.

The most immediate problems and the proposed solutions are
discussed hereafter.

3.A Collection System

3.A.1 Under-utilization of Existing Sewers

The existing sewers are used by only about two-thirds of the people
residing in the areas served. An estimated 135,000 residents live on
properties, mostly in the Middle Residential zone, which continue to use
on-site systems rather than connect to the nearby sewers. Virtually all
of these properties have individual water connections and full plumbing,
using significant quantities of water and hence producing considerable
wastewater.

In most cases these on-site systems, predominantly cesspits, are
unsatisfactory because they cannot dispose of wastewater satisfactorily.
The physical problems are manifested in sewage which overflows from
cesspits, resulting in unhealthy local conditions.

The principal reason that people have not arranged for sewer
connections is their unwillingness to pay the cost of connecting to the
sewer (an average cost of Z300 per property) when they perceive that
their existing sanitation systems are adequate. Most people are
ignorant of the consequences of unsanitary conditions caused by the
continued use of overflowing on-site systems.
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It is estimated that roughly 19,000-20,000 additional connections

could be made in the Middle Residential zone if this obstacle could be

overcome.

The IIP will include a major public relations campaign by PCWSC to

encourage residents to obtain connections to existing sewers. This

campaign, aimed only at those areas where sewers already exist, will

include posters, speeches, and suitable media presentations as well as

personal contacts with property owners. PCWSC should also explore means

of assisting householders to finance these connections, possibly in

cooperation with local banks; an appropriate solution will be proposed

in the feasibility report.

It is estimated that roughly 4,000 new connections, serving some

30,000 residents in the Middle Residential zone, can be completed during

the IIP. PCWSC staff and registered plumbers would provide these house

connections at the request of the property owner. This would leave up

to 16,000 of the overdue connections to be made subsequently.

3.A.2 Rehabilitation of Sewers

The existing trunk sewers in the Port City system are summarized in

Table 1-2. The Northern trunk sewer (the newest) and the one serving

the independent Seaview system are in reasonably good condition and

present few operating problems. However, there are operating problems

with Port City's three older trunk sewers. The oldest, the Low Level,

has deteriorated severely with age and heavy traffic. While its

vitrified clay pipe laterals remain intact, their concrete and bitumen

joints have weakened, and so infiltration accounts for over 50% of flows

in the rainy seasons. With infiltration comes silt and sand which

further clog the lines and reduce capacity; four cleaning crews are

employed full time in keeping open the street laterals and submains.

Continuous maintenance is also necessary on the larger unlined concrete

pipes (diameters over 500 mm) which cave in frequently, currently at the

rate of one every six months.

Similar problems afflict both the Mid and High Level trunk sewers.

Though they were built later than the Low Level trunk, the same

vitrified clay pipes were used for house connections and laterals, and

unlined concrete pipes where diameters exceed 500 mm. The High Level

trunk sewer experiences less infiltration because rubber rings were

incorporated as jointing for the vitrified clay pipes. Backup occurs

along both the Mid and High Level trunk sewers because the populations

they serve have grown so much that the sewers are inadequate for the

flows they must handle, especially during the rainy seasons. The large

concrete pipes of the Mid and High Level trunk sewers are corroded, but

cave-ins have not yet occurred.
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Table I-2 PORT CITY MAIN TRUNK SEWERS, 1980

Sewer Date of Length Diameter Manholes Zones
Construction (km) (mm) Served

Central
System

Low Level 1920-25 2.8 200 - 600 49 Old Town,
Business
District

Mid Level 1930s 2.2 150 - 600 44 Middle
Residential

High Level 1930s 5.5 200 - 1000 62 Middle
Residential

Northern 1971-76 6.0 200 - 900 81 Middle
Residential

Seaview
System

Seaview 1976-79 1.2 200 - 600 20 Seaview

The IIP will include in-situ inspection (by camera) of the suspect
sewers to determine the most urgent problems. Repairs will be made as
necessary. It is anticipated that major sections may have to be relaid,
unless localized repairs will be adequate. An allowance for re-laying
1.5 km is included in the IIP as well as many minor repairs.

3.A.3 Repairs to Sweet Street Pumping Station

The Sweet Street Pumping Station suffers during electricity supply
interruptions. There is no reliable standby generator to power its two
pumps; a diesel engine has been installed but cannot be depended upon.
The pumping station floods whenever its power is shut off. As there is
no standby pump, and the two pumps are run continuously, maintenance is
difficult. Similarly, two (rather than one) comminutors are needed to
permit maintenance. The existing single comminutor is no longer in
operation as large solids in the sewage quickly dull its blades, and
foreign exchange restrictions have prevented PCWSC from importing new
ones.

The repairs proposed1 in the IIP include the installation of two
additional pumps, one for normal duty, as flows increase, and one for
standby. The two existing and two new pumps all require superior
electrical protection against power failures. Improvements are also
required in the arrangements for standby power. Two new comminutors
should also be purchased, one to replace the existing one and the second
for standby.
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3.B Treatment Systems

3.B.1 Improvements to Meanthyme Treatment Plant

The Meanthyme Treatment Plant Provides primary treatment before

discharge into the harbour. Figure 1-4 shows the process diagram. The

plant comprises a pumping station, a manually cleaned screen, a dual

channel grit chamber, four sedimentation tanks, four open digesters,

drying beds and a 1400 mm direct outfall line built on piers and leading

to the sea bed some 600 m out into the harbour. The plant was designed

to cope with flows from a projected population of 160,000, peaking at

75,000 m3/day. However, maintenance problems discussed below have

reduced its actual capacity to 34,000 m
3 /day. Actual flows at the plant

are larger, particularly in peak periods, as shown in Table I-3.

Table 1-3 MEANTHYME SEWAGE TREATMENT PLANT FLOWS, 1980

Flows (000 m3/day)

Average Peak

Sewered Zone

Middle Residential 42.0 105.0

Business 5.0 12.5

old Town 7.0 17.5
54.0 135.0

Infiltration after heavy rains - 59.0

Total 54.0 194.0

Plant Capacity 34.0 34.0

Bypass (directly discharged into
harbour) 20.0 160.0

It is not the wastewater volume but the biochemical oxygen demand

(BOD) load of sewage discharged into the harbour which determines

pollution levels. Shifting of the outfall line's piers have cracked its

concrete pipes, and settled sewage is now discharged close to the

shore. Approximately 18,000 kg of BOD reaches the Meanthyme plant every

day. The plant is able to treat only 25%; as a result some 13,500 kg of

BOD is discharged into the harbour daily, resulting in increasing

pollution. A survey carried out in 1979 by the Ministry of the

Environment found that the harbour was ecologically unstable and

deteriorating rapidly.
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The ongoing feasibility study is expected to recommend the
abandonment of the Meanthyme plant because of its limited site and
inadequate facilities. A new treatment plant comprising stabilization
ponds is expected to be located just north of the city boundary near
Hog's, Bay, between Swamp Creek and the North River (Figure 1-2).
Accordingly, the IIP should concentrate on remedial measures to improve
the effectiveness of the existing Meanthyme plant, pending its
retirement from service when the new plant becomes operational.

Maintenance problems at the Meanthyme Treatment Plant result from
too small a staff with too rapid a turnover and from difficulties with
the supply of spare parts. The plant's screen requires continued
maintenance. Its grit chambers were underdesigned, and consequently
need frequent manual cleaning. Parts ordered for the air-driven grit
remover pump which broke down two years ago have yet to be received.
Grit constantly clogs the sedimentation tanks and prevents their daily
discharge.

As the desludging pumps break down frequently, the sedimentation
settling tanks are used for batch settling. Each fills with sludge over
a month, and is then desludged with a crane and drag bucket while a
second tank is used for batch settling. The open anerobic digestors
which should treat the sludge are largly inoperative. The sludge is
trucked directly north to the tidal flats at Hog's Bay for eventual
discharge into the harbour, or placed in the open digesters, since the
drying beds have become overgrown and are no longer used.

'The IIP includes the repair and restoration of existing equipment
at the Meanthyme plant, in order to restore its capacity to about
75,000 m3 daily. Expenditures will be the minimum required to enable
the plant to perform satisfactorily. No major structural changes or
expansion are warranted since the plant should be redundant by about
1986. Continuing bypass of peak flows to the harbour will have to 'oe
accepted, although sewer repairs should reduce infiltration, and hence
the quantities to be bypassed.

3.B.2 Sludge Lagoons

Septic sludge is now being trucked from the Seaview plant, the
Meanthyme plant, septic tanks, and industrial treatment plants through-
out the city to Hog's Bay and dumped on the tidal flats and gully/stream
estuaries. As a consequence, the northern shore of the bay is severely
polluted. New sludge lagoons of 1.0 ha capacity are recommended for
construction as soon as possible. The lagoons should be located with
due consideration to the overall plan for the new treatment plant.
Provisions should be made for discharge facilities so that sludge trucks
with capacities up to 10 m3 can unload directly to the lagoons.
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The lagoon site is on land presently controlled, but not used, by

the army. The cost estimate allows for the purchase of the required

land.

As soon as the sludge lagoons are operational (tentatively in

1983), PCWSC and city authorities will have to enforce existing regula-

tions so that all sludge being collected throughout the city, particu-

larly by private firms serving industries and residential septic tanks,

use the sludge lagoons and cease their present practice of surreptitious

dumping into drainage gullies and other convenient locations.

3.C Public Toilets

There are no sanitation facilities in Blight Heights or Railville

at the present time. Public toilets serve 15,000 people in the Lower

Residential zone. A typical public toilet, serving 1000 people,

consists of a water standpipe, toilet facilities for 10 men and

10 women, urinals, and washing areas. The Ministry of Health

constructed 15 public toilets in response to increased open defecation

as a result of the influx of rural migrants to Port City. PCWSC now

owns and operates the public toilets. It provides female caretakers at

the 15 units. The condition of the public toilets is poor. Their users

are unfamiliar with the principles of proper hygiene. The attendants

provide inadequate maintenance because of their low salaries and their

own relative ignorance of hygiene. These toilets are open only from

7.30 a.m. until 6 p.m. During the night they are theoretically locked,

but the caretaker typically leaves two or three facilities open,

resulting in an unsanitary mess by morning. The public toilets have a

bad reputation because of the way they are maintained and are considered

as much of a health hazard as if they did not exist.

Two of the public toilets close to the Middle Residential zone are

connected to the sewerage system. The other 13 must dispose of their

wastewater by trucking or by soil absorption in cesspits. As the

cesspits are all underdesigned, almost all wastewater from public

toilets must be collected by truck. PCWSC trucks empty the pits on a

daily basis. Approximately 10 m
3/day is removed from each public toilet

for discharge at the Meanthyme Treatment Plant. This trucking of all

wastewater is very expensive, compared to the trucking of sludge only.

All 15 of the existing public toilets in the Lower Residential zone

should be upgraded, and additional attendants employed to ensure that

they are open 24 hours a day and that both male and female sections are

supervised. The attendants should be given a short training course in

public hygiene and in the proper care and maintenance of a public toilet

facility. The user public should also be educated in hygiene practices

through adult education and promotional activities.
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3.D Operations and Maintenance

At present, PCWSC owns three septic sludge collection trucks, each
5 m3 in capacity. These are insufficient to meet the demands of the
Meanthyme and Seaview Treatment Plants plus the public toilets. Vehicle
maintenance is also poor, which further reduces the number of vehicles
available for sludge collection. The fleet should be expanded to seven
trucks by the addition of four trucks of 10 m3 capacity.

PCWSC requires significant improvements in the small and
underequipped maintenance workshops at the Meanthyme site. This site
will probably become the major maintenance base for PCWSC in the long
term, in accordance with the ongoing feasibility study, in which case a
major new facility may be required. Under the IIP the existing
workshops should be rapidly improved and properly equipped to permit the
routine maintenance of sewers, pump station, treatment plant, and sludge
collection trucks. In addition to the workshop equipment PCWSC needs
new sewer cleaning equipment.

4. FINANCIAL ASPECTS

4.A Cost Estimates

The recommended IIP is intended to be implemented in the period of
about two years, ending in mid-1984. By that time the project,
resulting from the current comprehensive feasibility study, should be
underway.

The IIP, estimated to cost a total of Z9.7 million, covers all
anticipated capital expenditures by PCWSC in the next two years. Its
components have been discussed in Sections 2 and 3 above and are
summarized, with cost estimates, in Table 1-4.

Costs for the IIP are based on preliminary specifications and cost
estimates for the equipment and required repairs. Costs for PCWSC staff
and consulting services are based on current experience.

Physical contingencies of 25% are included to allow for unexpected
work, since the nature of the IIP makes it likely that additional
problems will be encountered during implementation.

The cost estimate of Table 1-4 is prepared in prices prevailing in
mid-1981. Provision is then made for price increases averaging 12%
during 1982, 11% during 1983, and 10% during 1984.

The anticipated rate of expenditures for the IIP is shown in
Table 1-5. No construction schedule has been prepared as all works are
to be executed as promptly as possible. The actual rate of progress
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Table I-4 COST ESTIMATE FOR IMMEDIATE IMPROVEMENT PROJECT

Item Costs
Z( 000)

A. Water Supply
Repairs to wells 25
Rehabilitation of treatment plants 70
Repairs to chlorinators 30
Minor extensions to network 700
Meter repairs 100
New consumer meters 480
New master meters 40
Public standpipes (new and repairs) 85
New house connections 800
Leak detection and repair 300
Radio network 90
Vehicle repair and replacement 200
Railway workshop improvements 30

Sub-total 2,950
B. Sewerage

Campaign for sewer connections 50
New sewer connections 1,200
Sewer rehabilitation 1,000
Repairs to Sweet Street Pumping Station 150
Improvements to Meanthyme Treatment Plant 150
New sludge lagoons 250
Upgrading public toilets 50
Sludge collection trucks 80
Sewerage maintenance equipment 120

Sub-total 3,050

Consulting services 800

Physical contingencies (25%) 1,500

Total in mid-1981 prices 8,300

Price increases during implementation 1,400

TOTAL (current prices) 9,700

Note: Basic costs estimated in mid-1981 prices.
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will depend primarily on the timely procurement of equipment and

materials and the priority attached to the various operating problems by

PCWSC management. Completion of the IIP within two years is certainly

feasible.

Table 1-5 PROJECTED ANNUAL EXPENDITURES FOR IIP, 1982-84

Years Water Supply Sewerage Total

1982 1,080 1,120 2,200

1983 2,360 2,440 4,800

1984 1,330 1,370 2,700

Total 4,770 4,930 9,700

The total cost of Z9.7 million is a realistic estimate of the cost

of implementing the IIP. The foreign exchange component is estimated at

Z2.4 million, representing 25% of IIP costs. Foreign exchange is mainly

required for imported equipment and consulting services.

4.B Financing Plan

PCWSC consumers will have to meet the costs of water supply and

sewer connections, estimated at ZO.8 million and Z1.2 million,

respectively, for a total of Z2.0 million or 21% of project costs

(Table 1-4).

It is recommended that PCWSC seek a loan of Z 5.0 million from the

Productivia Agency for International Development (PAID), a bilateral

development agency, to help finance the implementation of the IIP. PAID

has already indicated a willingness to provide assistance for the

recommended IIP, including a considerable portion of local costs. The

advantage of this international financing is its long term and

relatively low interest rate.

The tentative financing plan for the IIP is provided in Table I-6,

which illustrates that the project could be implemented with a

government grant of Z2.7 million over the period 1982-84. Internal cash

generation from PCWSC operations is not expected to be available during

this period.
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Table 1-6 TENTATIVE FINANCING PLAN FOR IIP, 1982-1984

Sources of Funds z (000)

Productivia Agency for International Development (Loan) 5,000
Consumers' contributions:
Water supply connections 800
Sewer connections 1,200

Government grant 2,700
Total 9,700

5. PROJECT IMPLEMENTATION

Implementation of the IIP will begin in 1982 and be complete by
1984, at which time activities on the major new project will be
underway.

PCWSC management and staff must be directly involved in implemen-
ting the IIP because all components of the recommended action plan deal
with systems already being operated by PCWSC.

For perspective on the scale of the IIP, it should be noted that
PCWSC has constructed system components with a total value of
Z13.8 million during the past three years, 1979-81. Most of these
investments were for extensions to the water and sewer networks, and
much of the work was carried out by contractors. In the same three year
period, a total of 5,400 water connections and 800 sewer connections
were also installed, all by PCWSC staff.

The existing PCWSC organization is depicted in Figure I-5. Basic
responsibility for the IIP should be assigned to the Operations Depart-
ment Manager who is assisted by managers for the Water Supply, Sewerage
and Support Services Divisions.

As a general rule, contractors will be used for all activities in
the IIP which are beyond the capacity of the PCWSC and which do not
require special operating experience available only to PCWSC staff. In
practice, this means that contractors can be engaged for major repairs
to equipment and vehicles plus the construction of new facilities such
as network extensions and sludge lagoons.

The installation of 8,000 new water connections and new meters on
16,800 existing connections in approximately two years presents a major
challenge. PCWSC currently has five crews whose primary activity is
meter installation and replacement. Two or three additional crews can
be created by promoting existing staff into crew leader positions, but
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the expanded staff could only be expected to handle about half of the

greatly increased workload. The most practical solution will be for

PCWSC to engage qualified private plumbers to install connections on

network extensions at the time of construction and to replace meters.

Existing PCWSC staff will be used for new connections to existing mains

(a task difficult to assign to the private sector), and to supervise the

work of the private plumbers. Extra attention will have to be paid to

the administrative and supervisory aspects of this work, and more

vehicles will be required, but the implementation of this expanded meter

program is certainly feasible.

Consulting engineering services are recommended to help the
Operations Manager to implement the IIP. The principal tasks of the

consultant will be:

a) procurement of equipment;
b) technical advice on equipment installation and system

repairs;
c) water loss reduction program; and
d) assistance in contract preparation and management.

Outline terms of reference for the technical assistance to be
provided by the consultant are provided in Annex 1. A resident team of

three engineers and two technicians, supplemented as required by techni-

cal specialists, should be sufficient. A team of local and foreign

consultants would be the most suitable for this assignment, with the

foreigners providing expertise gained on similar systems elsewhere.

Special training and equipment will be required for the leak detec-

tion crews. Three poorly equipped crews now operate intermittently.
The number of crews should probably be doubled, and the repair work they

are expected to locate means that additional repair gangs will be neces-

sary. Specific advice on this topic will be provided by the consultant.

PCWSC must allocate special water supply and sewerage maintenance

crews to these activities, plus transport and equipment, which will

necessitate the hiring of additional skilled and unskilled labourers.

Approximately 40 additional full-time staff will be required for IIP

implementation plus larger numbers on specific occasions. These extra

staff members will be required permanently to operate and maintain the

expanded system in future.

Management consultants are presently reviewing the PCWSC

organization as part of the ongoing feasibility study. In the

circumstances, no recommendations are made in this report for

organizational improvements other than those required for IIP
implementation. However, it is anticipated that significant

improvements in operation and maintenance procedures will be suggested,
including a major training program, so that PCWSC will not neglect its

systems in the future as in the past.
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6. JUSTIFICATION

The IIP is justified both in its own terms, and because it paves
the way for the proposed major project for 1984-86. A rigorous
assessment of the benefits of the IIP cannot be provided this early in
the assignment. So far the ongoing financial and economic studies have
little reliable data on which to base analysis. Nevertheless the
recommended IIP can be justified in general terms from several
perspectives.

The IIP represents a modest outlay for the rehabilitation of a
large, valuable but aging set of assets. The book value of the total
PCWSC water supply and sewer system, parts of which are at least
75 years old, is recorded at some Z74 million in 1981, based on
historical costs (ZI15 million) less accumulated depreciation
(Z41 million). The actual value of the system in current prices is
obviously considerably more and would be much higher if evaluated in
terms of replacement costs. (For comparison, preliminary estimates for
the Pre-feasibility study currently underway suggest that costs for the
recommended project for 1984-86 will be of the order of Z100 million.)
The present systems have not been adequately maintained and the IIP is a
necessary investment to preserve them as productive assets.

The objectives of the IIP are to restore the existing water supply
and sanitation facilities so that their capacity can be fully utilized,
and to prescribe minor improvements which can be implemented quickly and
will expand the services which can be provided by the systems. The IIP
provides cost-effective measures to meet these objectives.

The water supply component of the IIP, with an estimated total cost
of Z4.8 million, includes measures which will significantly increase
revenues to PCWSC from the sale of water. Anticipated increases in
water production due to the IIP are provisionally estimated to total
some 35,000 m3 per average day as follows:

Well repairs 10,000 m3/day
Treatment improvements 10,000 m3/day
Reduced water losses 15,000 m3/day

If 55% of this additional water is sold (allowing for 45% unaccoun-
ted-for water, as at present) at the average present tariff of Z0.25/m3,
this additional water represents revenues totalling Z1.8 million/year.
This simple calculation, using conservative assumptions, indicates that
the water supply investments in the IIP would be fully recovered from
increased revenues in less than three years.

There would also be significant social benefits due to the expan-
sion of water supply services. Minor extensions to the distribution
system are expected to permit some 8,000 new water connections plus
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about 50 public standpipes, thereby improving services substantially to

more than 50,000 people.

The increased reliability of the PCWSC supply, which will result

from the IIP, will be appreciated by more than one million people

already served.

The sewerage component of the IIP, with a total cost of

Z4.9 million, is more difficult to justify quantitatively. Repair of

the sewers and the pumping station will eliminate major environmental

problems in the affected areas. Similarly the estimated 4,000 new sewer

connections will eliminate cesspit overflows and other noxious condi-

tions affecting some 30,000 residents in the Middle Residential zone.

The repairs to the existing Meanthyme plant will prevent discharges of

untreated wastes. After rehabilitation, the plant would only be used

for about three years (1984 through 1986), but the expected operation of

a new treatment plant by 1987 would ensure that water quality in the

harbour would continue to be protected.
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TECHNICAL ASSISTANCE FOR IMPLEMENTATION OF
IIDMIAE INROVEMENT PROJECr

Outline Terms of Reference

Background

Port City Water and Sewerage Commission (PCWSC) expects to
implement a major water supply and sanitation project on completion of a
comprehensive feasibility study now under preparation. The major
project will likely proceed during the period 1984-86.

An Immediate Improvement Project (IIP) has been identified for
implementation by PCWSC in the period mid-1982 to mid-1984. The IIP is
elaborated in a report submitted to PCWSC in February 1982 by XYZ
Consultants.

PCWSC operating staff will have the principal responsibility for
implementing the IIP.

Scope of Work

The overall mandate of the consultant is to provide technical
assistance to the Operations Department Manager responsible for
implementing the IIP.

Specific tasks associated with this work are:

a) Facility Repairs

Advice concerning priorities and procedures for repairing
faulty components of PCWSC systems, including water
treatment plants, water pipelines, sewers, and the sewage
pumping station and treatment plant. Review of existing
repair procedures, identification of impediments, and
recommendations to facilitate expanded and accelerated
repair program.

b) Design of New Facilities

Technical design of new sludge lagoon.

c) Contract Administration

Analysis of requirements for equipment and work on new
construction and repairs which can be performed by local
contractors. Assistance including:
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- preparation of detailed specifications and tender
documents;

- calling for tenders from competent suppliers and
contractors;

- review of tenders and recommendations for award;
- inspection of equipment and construction to confirm
compliance with specifications; and

- certification of invoices and payment forms.

d) Equipment Installation

Technical advice to PCWSC management and crews concerning
installation and utilization of new equipment to improve
water supply and sewerage systems.

e) Water Loss Reduction Program

Provision of general and specific advice on practical
measures to reduce unaccounted-for water, including but not
limited to the folLowing:

- preparation and updating of system maps;
- improved practices for the location and repair of damaged
pipes, valves, and other fittings;

- continuous leakage detection surveys of all pipelines and
valves, and periodical review of patterns of leakage to
assess causes;

- replacement and repair of non-functioning water meters
and determination of causes of water stoppages;

- repair to existing valves and installation of additional
valves;

- measures to reduce meter blockage, including improved
pipeline construction practices and routine flushing of
pipelienes through blowout valves;

- improvements in metering and billing procedures to reduce
the number of water bills prepared on the basis of
estimated rather than recorded consumption; and

- installation of permanent master meters and/or portable
loss detection meters to assist in the analysis of water
losses in sections of the distribution system.
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XYZ Consultants
Sheehan Centre, Suite 103
350 Dilshad Road
Port City

April 20, 1982

Mr. K. Undugu
Project Director
Port City Water and Sewerage Commission
Port City

Dear Mr. Undugu:

In accordance with our contract of August 20, 1981 and its
accompanying Terms of Reference, we are pleased to submit our
Pre-feasibility Report for the Farmville project. The report takes
account of comments received on our draft of March 15, 1982.

At this time we are also submitting a comparable report for Port
City.

This completes our assignment for Farmville. The remainder of our
efforts will be concentrated on the Feasibility Report for the Port City
project.

We should like to acknowledge the generous cooperation of the staff
of PCWSC and the members of the Steering Committee.

Yours very truly

X. Pert
Study Manager
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EXECUrIVE SUMMARY

W,ater supply and sewerage systems serving the town of Farmville are
owned and operated by the Ministry of Water Development. The Ministry
of Health is responsible for on-site sanitation systems.

This Pre-feasibility Report describes the existing systems and
their major problems, develops an outline strategic plan through the
year 2000, and proposes a two-phase project for the period 1982-85.
Phase 1 would consist of an immediate improvement program (1982-83) and
Phase 2 of subsequent works (1984-85).

Farmville's principal water supply problem at present is the
interruption in supplies whlich occurs periodically when its major source

(the North River irrigation canal) is closed for maintenance purposes.
To overcome this, the major water supply element of the immediate
improvement project would be a new pipeline and pumping station from the
North River to the existing Northeast Treatment Plant, to be built in

Phase 1. The North River could then substitute for the existing
irrigation canal when that source is unavailable.

In the future Farmvil:Le's water supply needs will expand beyond the
11,000 m3 /day capacity of' existing sources. The most economic new
source is water from the North River Wellfield which is proposed for

development to meet Port City's future water needs (see separate
Pre-feasibility Report for Port City, April 1982). During Phase 2, a
pipeline extension is proposed to be built to enable Farmville to obtain
water from the regional water supply system that will by then serve Port

City from the North River Wellfield. This pipeline extension from the
North River scheme to Farmville would connect the existing system on

both sides of the river.

Farmville's sanitation problems are the use of open defecation,
unimproved pit latrines and deteriorating cesspits, all of which are
serious public health hazards, and the lack of any treatment for sewage
flows because the existing Riverside plant is being bypassed. Major
sanitation works proposed for Phase 2 include the construction of a
small bore sewer network in areas adjacent to those covered with
existing conventional sewers (to replace existing cesspits and provide
sanitation for all houses that will have water connections) and a new
stabilization pond sewage treatment plant.

These major project elements, together with measures to
rehabilitate and make minor extensions to existing water supply sources,
transmission and distribution pipelines, conventional sewers, and
on-site sanitation systems form the proposed project whose costs are

estimated at Z4.4 million (Z1.3 million for Phase 1 and Z3.1 million for
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Phase 2). Foreign exchange costs are estimated at ZI.9 million. A loan
of Z2.85 million has been assumed to cover 50% of the project costs,
plus interest on this loan during the construction period.

Financial projections demonstrate that improvements in billing
procedures and increases in tariffs are required in order that MWD cover
future operating expenditures and loan repayments for Farmville.
Doubling the domestic water tariff to ZO.40/m3 by 1987, which only
amounts to an increase of 23% in real terms (free of inflation), would
produce a positive cash flow and a substantial cash surplus in 1987.

This Pre-feasibility Report concludes the present consulting
assignment for Farmville.

The Ministry of Water Development should now obtain approval and
financing for the proposed project. Collaboration is required with the
Ministry of Health for the on-site sanitation facilities. Project
implementation depends on technical assistance from consultants and
government staff.
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Units and Acronyms

BOD Biochemical Oxygen Demand

cm centimetre

ha hectare

lIP Immediate Improvement Project

ISD Institute for Social Development

1 litre

lcd litre per capita per day

m metre

m2 square metre

m3 cubic metre

m3/day cubic metres per day

masl metres above sea level

mg/l milligrams per litre

mm millimetre

MOE Ministry of the Environment

MOH Ministry of Health

MWD Ministry of Water Development

NRIA North River Irrigation Authority

PAID Productivia Agency for International Development

PCWSC Port City Water and Sewerage Commission

TAP Technical Advisory Panel

VIP Ventilated Improved Pit latrine

Z Zinar, the currency of Optima (Z 1.00 = US$ 1.00)

Note: The financial years of PCWSC and MWD are the same as the
calendar year.
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PRI-FEASIIILITY iM IR FOR FARIWIU1

1. iwrxDUCrIon

This report is presented at the same time as the pre-feasibility
report for Port City, in accordance with the contract of August 1981
with the Port City Water and Sewerage Commission. Terms of reference
for the consulting assignment are provided with the Project
Identification Report of January 1981.

Farmville's needs are both for immediate improvements and for other
actions to be taken during the period 1984-85. Farmville has been
studied in parallel with Port City because of the obvious need for a
regional solution to both their urban water supply problems. The
reports are presented separately.

It is anticipated that the Farmville authorities may be able to
obtain financing from a bilateral agency for the required investments on
the basis of this Pre-feasibility Report. No further work is planned
for Farmville under the existing consulting assignment, which henceforth
will concentrate on the Feasibility Report for Port City. Finance
obtained should; however, include a component for further preparation of
the project before construction can begin.

2. THE FAIVILLE PROEC! AEA AND THE KE FOR A PROJECr

2.A The Project Area

Farmville is a small town about 20 km north of Port City. It was a
large village until World War II when it began to grow into an
agricultural market town and reached a population of 15,000 in 1945. It
expanded rapidly in the late 1950s, contrary to the national trend in
agriculture, following the construction of the Farmville Dam on the
North River (Figure F-1), the installation of the irrigation canal
system on the surrounding sugar estates, and the establishment of the
headquarters of the North River Irrigation Authority (NRIA) in Farmville
itself. The town has continued to expand and today contains about
50,000 people. It is bounded by the sugar estates to the south and west
and by the mountains to the east. There is an elected town government
with an appointed Town Manager.

The neighbouring villages in the North River Valley will have their
water supply and sanitation needs met through the Port City project.

Farmville's legal boundary is shown on Figure F-2. The town has
expanded outside the municipal boundary along the road toward Port City
and is expected to continue to grow in this direction in the future.
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Land use control has only recently been instituted in Farnville. The

Farmville Development Order, modelled on that of neighbouring Port City,

was enacted in 1981, but the town government has not yet established

implementation and enforcement procedures.

Faruville's economy reflects its growth as an agricultural market

town; its chief sources of employment are poultry and meat processing,
rum, molasses and industrial alcohols (from the sugar), and a small
fertilizer factory.

2.B Population

Farmville's population totalled 50,000 in 1980 (National census).

There are two residentiail zones, the downtown commercial area containing
3,500 people, and the suburban periphery where growth has occurred and

46,500 people now live. Figure F-2 shows the town's present layout and

land use. The overall population density is approximately 100 persons/

ha. The commercial zone is expected to grow at 4.6% each year in the

future and the suburbs at 3.5%, for an overall average of 3.8%, extrapo-
lated on the basis of experience in Port City and Farmville. This

population growth rate is much higher than that for Optima as a whole

(1.9%) but is directly comparable to other medium-sized towns in

Optima. This will leacl to a population of 102,000 by the year 2000, a

doubling in 20 years.

The majority of the Farmville residents migrated into town from

surrounding rural areas. The Hindu proportion of the population is

slightly higher than the national average. Thirty percent of the towns-
people are Moslem, 28% Hindu, and the remainder Christian. The Hindus

and Moslems settled close to family and friends. This has led to the
development of distinctive neighbourhoods in the suburban periphery,

although these are not as well defined as those in Port City.

2.C Sector Institutions

The Ministry of Water Development (MWD) has always been responsible

for both water supply and sewerage services in Farmville. MWD personnel

in the Farmville office who deal exclusively with water and wastewater

systems include 1 superintendent, 1 inspector, 3 foremen, 3 plant

operators, 5 skilled labourers, and about 78 unskilled labourers. Six
of MWD's clerical staff, concerned with billing and collection for

FarMville, also have other responsibilities for MWD in Western Province.
Staff are directed by the MWD superintendent who in turn reports to

ministry headquarters in Capital City. The financial situation of the

ministry's operations in Farmville has only become clear as a result of

a reorganization and updating of its records for this report.
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The Ministry of Health is nominally responsible for on-site
sanitation, as in Port City. In practice, the one health inspector
assigned to Farmville must spend his time on food and market inspection,
and is unable to attend to sanitation. There are no hygiene education
programs.

2.D Existing Water Supply Systems and Population Served

Most of the town's water now comes from the reservoir behind the
Farmville dam, built in 1955 to provide irrigation water and run by the
North River Irrigation Authority (NRIA). Before 1955, water was pumped
directly from the river and the original distribution system runs along
Main Street in the old central core. The system, planned by MWD in 1955
when the population was 15,000, assumed growth to 30,000. There are
also four public and numerous private wells, the former built in the
1970s. Today, however, 50,000 people must rely on the public system
which is deteriorating. Figure F-3 illustrates the existing system, and
Figure F-1 shows the Farmville reservoir.

Water Sources, Treatment, and Quality. Raw water flows along a
4-km open irrigation canal from the reservoir to the Northeast Treatment
Plant. Farmville's municipal water allocation is restricted by NRIA to
10,000 m3/day. Approximately once a year, however, the irrigation canal
is emptied for about ten days for maintenance. During this period there
is no water available to supply the treatment plant, and so the town
suffers water shortages. The supply from the irrigation canal is
occasionally interrupted at other times of the year also. This source
was in service for 343 days in 1980 and 340 days in 1981.

The treatment plant is conventional (sedimentation - rapid sand
filtration - chlorination). Its capacity was doubled to 10,000 m3 /day
in 1970, but further expansion is impossible because the site is
limited. Poor maintenance has resulted in the clogging of three of the
plant's eight filters, which in turn is overloading the other five
filters.

Treated water pumps are intended to supply peak demands from the
plant's reservoir. The plant has eight electric pumps, four dating from
its construction and four from the 1970 expansion. Each has a capacity
of 2,500 m3/day for a theoretical total pumping capacity of
20,000 m3/day. However, three pumps have been out of service for the
past five years, and the operation of the remaining five is severely
hampered by the frequent power interruptions, by inadequate maintenance,
and by a lack of spare parts. The plant has a Venturi meter to record
raw water inflows from the canal, but it has never worked. There is no
master meter for treated water production. Plant output in 1980 is
estimated at 7,600 m3/day on the basis of the pumps' capacity and their
recorded hours of operation (Table F.1).
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Table F.1 FARMVILLE: WATER PRODUCrION AND SALES,
1975 and 1980

1975 1980

m3 per average day

Water Production

Treatment plant 5,740 7,600

Town wells 840 1,560

Total 6,580 9,160

Water Sales

Domestic 2,752 3,730

Standpipes 167 209

Industrial 435 625

Total 3,354 4,564

Water Unaccounted-for

Amount 3,226 4,596

% of water produced 49 50

Source: Consultant's estimates, based on available
MWD records.

The quality of water from the irrigation canal is often poor,
despite the effect of sedimentation in the reservoir, which has a live

storage volume of 135 million m3, representing 87 days of average
flows. It has high turbidity in the rainy season and is subject to

contamination because it flows in the open canal used by people upstream
of the treatment plant. Shortages of chlorine at the treatment plant
are a common problem so the treated water is often unsafe for drinking.

Water shortages and the growth of the town in the early 1970s led

the Ministry of Water Development of drill four deep wells (Figure F-3),

equipped with electric pumps, each with a nominal capacity of
600 m3/day. In 1980 their average total production was 1,560 m3, an
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increase of 86% in five yearsl/. The wells have suffered from poor
maintenance and the erratic Weitern Province power supply; their supply
of water is unreliable. In addition, their chlorinators are frequently
out of order. Despite construction of the wells, there is still
inadequate peaking capacity.

Storage, Transmission, and Distribution. Farmville's raw water
comes from storage in the Farmville reservoir. However, the town system
has very limited storage for treated water: 800 m3 at the Northeast
Treatment Plant (about two hours' supply) and a 200 m3 elevated tank,
built in 1955, which is usually empty. The lack of storage results in
low pressures and frequent shortages in the distribution system.

The transmission system incorporates the original 300 am cast iron
pipe laid along Main Street in the 1930s to which has now been added the
distribution network shown in Figure F-3. The transmission and
distribution system comprises some 21 km of pipes from 100 to 300 mm in
diameter. A further 15 km of smaller diameter pipes complete the
distribution network, which serves more than 80% of the developed
properties in the town.

Losses are very high, with unaccounted-for water representing an
estimated 50% of production. These losses are mainly due to heavy
leakage from the system's old pipes, to the possible over-estimation of
water production, and to under-estimation of water use by consumers due
to poor metering arrangements. The data available on water production,
consumption, and use are very inaccurate. Improvements in recording
flows are needed.

Water Charges. Water is provided free at public standpipes. All
other water is theoretically charged for according to use, based on
monthly meter readings. However, only 60% of all consumers - about
1,900 connections - have meters in working order. The rate for these
people is ZO.20/m3 . The remainder pay a flat rate of Z2.00 per month,
equivalent to an assumed consumption averaging 330 litres per day.
Consumers pay an initial charge for new connections, typically Z100 for
residential connections.

The bill collection and accounting system is entirely manual and
needs improvement. Accounts receivable are estimated at four months of
revenues.

1/ This increase in groundwater abstraction by MWD has no doubt
aggravated the local problem of falling groundwater levels,
although the major cause of this problem is believed to be
increased groundwater use by irrigation.
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Population Served, Connections, and Water Use. About 85% of
Farmville's 1980 population of 50,000 was served by the public system in
1980: 17,000 from house connections, 12,000 from yard connections, and
14,000 from standpipes. All the 3,500 people living in the downtown
commercial zone have house or yard connections, compared to only 25,500
of the 46,500 in the surrounding residential zones (Table P.2 - next
page). The 14% of Farmville's population not served by the public
system, together with some of its industry, rely on private wells.

At present there are approximately 4,200 domestic connections
(house and yard), 40 industrial, and 37 standpipe connections in
Farmville, though precise records are not available. Detailed water use
analysis was not carried out, but a survey indicates that per capita
water use for household connections in the commercial zone was 100 lcd
in 1980, compared to 140 lcd in the residential zones. Detailed
historical analysis was not possible because of the inadequate records
available, but order-of-magnitude estimates for 1975 are presented in
Table F.2. Industrial use accounts for only some 14% of total water
consumption.

Analysis of pumping hours indicates a ratio of maximum day demands
to average day demand of 1.2, and a peak hour to maximum day demand of
1.5i. These ratios are somewhat lower than normally experienced
elsewhere because there are shortages in the system.

2.E Existing Sanitation Systems and Population Served

Sanitation systems in use in Farmville are illustrated in
Figure F-4 and listed in Table F.3. An estimated 9% of its people
defecate in the open, 76% use on-site systems, and 15% use the sewer
system. These are approximations only, based on visual surveys.

Table F.3 FARMVILLE: SANITATION SYSTEMS, 1980

Zone Population Sanitation System

Open Pit Septic Cesspits Sewers
Defecation Latrines Tanks

Commercial 3,500 - - - 525 2,975

Residential 46,500 4,650 16,275 7,905 13,020 4,650

Total 50,000 4,650 16,275 7,905 13,545 7,625

% ofTotal 100 9 33 16 27 15

Source: Consultant's estimates.



Table F.2 FARMVILLE: ESTIMATED WATER USE ANALYSIS, 1975 and 1980

Year 1975 1980

Zone Population Water Use Population Water Use

Per Person Total Per Person Total
lcd m3/day lcd m3/day

Commercial House Connection 2,550 120 306 3,150 100 315

Yard Connection 450 75 34 350 65 23 l

Residential House Connection 11,130 150 1,670 13,950 140 1,953 X

Yard Connection 9,275 80 742 11,625 70 814

Standpipes 11,130 15 167 13,950 15 209

Other (river, 1 b

private wells) 5,565 _ _ 6,975 _ -

Industry 435 625 CoH

TOTAL 40,100 3,354 50,000 4,565 ~ o

Source: Consultant's estimates, based on limited data from MWD. 
>1rr
fb

a'ol
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The sewer system consists of a small network of street sewers, one
trunk sewer and the Riverside treatment plant, which is currently being
bypassed. The entire sewer system was installed in 1955-57 to serve the
modern section of the town at that time, particularly the offices and
staff residences of NRIA. About 5% of Farmville's surface area is
sewered; pipe sizes range from 200 mm laterals to 400 mm where the trunk
sewer enters the treatment plant. All pipes are of vitrified clay,
jointed with bitumen on the main lines and with cement mortar on the
house connections. There are problems with broken sewers as a result of
poor road construction overlaying the sewer pipes. This is a particular
problem only along three roads at present, but can be expected to occur
elsewhere in the future.

The Riverside treatment plant was designed for primary treatment
only and consists of a grit chamber and Imhoff tank. The grit chamber
was underdesigned and is largely ineffective. The 2,000 m3 Imhoff tank
should provide settling; it has the capacity to handle peak flows up to
10,000 m3/day. Sludge should be removed daily from the tank to drying
beds. However, heavy sand infiltration has clogged the sludge ports,
resulting in the tank filling with sludge. Frequent attempts to declog
the ports have met with failure. Thus, neither the grit chamber nor the
Imhoff tank is in operating order.

The treatment plant is at present bypassed as the Ministry of Water
Development, frustrated with attempts to reinstate it following
successive failures, no longer provides a treatment plant operator. All
effluent is allowed to discharge directly to the river with subsequent
negative effects on the downstream water quality.

Sewerage charges are set at 50% of the charge for water. The
present surcharge amounts to ZO.10 per m3 of water used.

On-site sanitatiorn systems in Farmville are seriously deficient.
There is open defecation, and observed conditions caused by unimproved
pit latrines and deteriorating cesspits used by 60X of the population
are increasingly unhealthy and obnoxious. There are no effective
programs underway at present to improve personal hygiene practices and
excreta disposal methods. The Ministry of Health, which operates only
one health centre in F'armville, has no preventive program there. The
health centre is primarily curative and oriented toward maternal-child
health.

2.F Need for a Project

Farmville's needs are for a reliable year-round source of water
supply immediately and an expanded supply to meet future growth.
Repairs and extensions to its sanitation systems are needed to alleviate
obnoxious and increasingly unhealthy conditions, including defecation in
the open. Methods and priorities for achieving these objectives are
discussed in the next section.
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3. SrRATUGIC PLAN FOR AMT SUPPLY AMN SANITATION TO THE YEAR 2000

The proportions of Farnville's population served by different types
of water supply connections and sanitation systems are presented in
Table F.4 for 1975 and 1980, together with targets for 1987 (immediately
after the proposed project) and 2000. The principles for establishing
both water supply and sanitation targets were approved by the Steering
Committee. The principles followed in establishing the targets for each
level of water supply service were:

a) that no resident of Faroville should be without access to
the public water supply by 1987;

b) as many residents as possible should have either a house or
yard connection, assuming they can afford both water supply
and sanitation facilities; and

c) those who cannot afford a house or yard connection will
obtain water from standpipes. No dwelling should be more
than 300 a from a standpipe if that is its source of water
supply. Standpipes should be provided on both sides of the
road.

In establishing targets for sanitation, the principles followed
were:

a) all dwellings with a water connection must have a sewerage
connection, a septic tank, a cesspit, or a pour-flush
toilet with a sullage soakaway, to remove the resulting
wastewater and sullage;

b) expansion of the conventional sewerage network is minimized
because of high costs;

c) the sewer system should be expanded where feasible by the
use of small bore sewers connected to the existing
conventional network;

d) all unimproved on-site sanitation systems (pit latrines)
should at minimum be replaced by Ventilated Improved Pit
latrines or pour-flush toilets (user preferences as to the
type of on-site sanitation system should be respected); and

e) there should be no need for defecation in the open.

The rationale for establishing the sanitation service levels is the
same as that for Port City, described in Chapter 2 and Annex P5 of the
Pre-feasibility Report for Port City.



Table P.4 WATER SUPPLY AND SANITATION SERVICE LEVELS, 1975-2000

Zone Water Supplied by Percentage of Population Sanitation System Percentage of Population
of Zone Supplied or to of Zone Served or to be

be Supplied in Served in

1975 1980 1987 2000 1975 1980 1987 2000

Commercial House Connection 85 90 95 100 Conventional Sewer 80 85 85 85

Yard Connection 15 10 5 - Small Bore Sewer - - 10 15
Cesspit 20 15 - -
Pour-flush Toilet
with Sullage Soakaway - - 5 -

Residential House Connection 30 30 40 40 Conventional Sewer 10 10 10 10
Small Bore Sewer - - 15 20
Septic Tank 15 15 15 10
Cesspit 5 5 5 -

Yard Connection 25 25 30 40 Cesspit 20 20 10 15
Pour-flush toilet
with Sullage Soakaway - - 10 20
Pit Latrine 5 5 - -
Improved Pit Latrine - - 5 5

Standpipe 30 30 30 20 Pit Latrine 25 25 - -
Improved Pit Latrine - - 15 5
Pour-flush Toilet - - 15 15
Open Defecation 5 5 - -

Other (river, 15 15 - - Septic Tank 2 2 - -
private wells) Cesspit 3 3 - -

Pit Latrine 5 5 - - "
Open Defecation 5 5 - - ^ o

Source: 1975 and 1980 situation interpreted by consultant on basis of MWD data, and Projections for 1987 and a
2000 by consultant.

rt
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3.A Water Supply Systems

The water supply targets in Table F.4 translate into the projected

water consumption data of Table F.5. It is assumed that repairs to

leaking pipes, together with the installation of working meters on all

connections, can reduce unaccounted-for water from its current level of

50% of water production to 39% by 1987 and to 35% by 2000. Major

efforts will be needed to meet these tentative targets.

The existing sources (Northwest Treatment Plant plus wells)

produced an average of 9,160 m3/day in 1980. The nominal peak capacity

of existing sources totals 12,400 m3/day (including four wells yielding

2,400 m3/day). Water requirements for Farmville, after allowing for the

anticipated reduction in losses, are expected to total 11,400 m3/average

day by 1987 and approximately 14,300 m3 on the peak day (assuming a

peaking factor of 1.25). A new source of water is therefore necessary
to meet increased demand in 1987 and even earlier. Alternative sources

include possible groundwater in the Farmville area or purchasing bulk

water from the proposed North River Wellfield (See Figure F-1) to be

developed for Port City which would be supplied by a branch pipeline to

Farmville.l/

Groundwater levels near Farmville are dropping gradually,

indicating over-pumping of the local aquifer, mainly for irrigation.
MWD has placed a ban on the development of further wells in the area

until the water resources situation is better understood. More distant

wells in the North River Valley are the source for the proposed Port

City scheme. Because of local groundwater problems, MWD has decided to

use the North River Wellfield to augment the supply to both Port City

and Farmville. A branch pipeline to Farmville from the Port City scheme
would be 3 km long, compared to a distance of 14 km from the Wellfield,

so it would obviously be more economic for Farmville to take advantage

of the regional scheme rather than develop an independent system based

on this source.

Farmville's immediate need is to assure service throughout the

year, at present interrupted when the irrigation canal is closed for

days and sometimes weeks for maintenance. Two basic alternatives have
been compared:

1. Construction of a 2-km pipeline from a temporary pumping
station along the North River to the Northeast Treatment
Plant, as shown on Figure F-3. This pipeline could in

~/ Further information on the North River Wellfield scheme is
included in the Pre-feasibility Report for the Port City
project which is being issued at the same time as this report.



Table F.5 FA R VIUE: 1TER USE ANALYSIS, 1975-2000

Year 1975 1980 1987 2000

Zoniej Population Water Use Population Water Use Population Water Use Population Water Use

Per Person Total Per Person Total Per Person Total Per Person Total
led n*3/day led m3/day lcd m3/day led m3/day

Comercial: tkuse Cornectior 2,550 120 306 I Sn 100 35 4,6(n) 19'1 575 9,0n0 I30 1 1,7n

Yard C(nction 450 75 34 350 65 23 200 75 15 - - _

Residential: House Connection 11,130 150 1,670 13,950 140 1,953 23,600 160 3,776 37,000 180 6,660 v

Yard Connections 9,275 80 742 11,625 70 814 17,800 85 1,513 37,003 90 3,330

Stardpipes 11,130 15 167 13,950 15 209 17,800 15 267 18,500 15 278

Other (river,
private wlls) 5,565 - - 6,975 _- - - - - -

Industry 435 625 860 2,022 go

TOAL a(MICN 40,100 3,354 50,000 4,564 64,000 7,006 101,500 13,460 P HI

Water Unaccorted-for (X) 49 50 39 35 1 0

Water Production 6,580 9,160 11,400 20,700 Ht O
~-0

Source: 1975 ard 1980 situation interpreted by coseultant on basis of 141 data. Projections for 1987 and 2000 by consultant. :

0

0
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future be extended to connect to the branch pipeline that
would be constructed to supply Farmville from the North
River Wellfield.

2. Provision of a reservoir to store at least ten days'
requirement for Farmville during maintenance of the irriga-
tion canal. A suitable site for a ground level reservoir
has been located 2.4 km north of the existing treatment
plant. This alternative would require a reservoir with a
capacity of 125,000 m3 (ten days of anticipated 1987 water
production), separate pumps at the treatment plant, plus
2.4 km of pipeline of about 300 mm diameter from the plant
to the reservoir.

Preliminary designs and cost estimates for these alternatives have
been evaluated. The first is preferred because its capital cost is only
602 of the second. Operating costs for both alternatives are compara-
ble. The first alternative also reduces the future costs of connecting
Farmville's water supply system to the North River Wellfield scheme.

3.B Sanitation Systems

The sanitation targets in Table F.4 translate into the projected
sanitation systems requirements of Table F.6. The existing sewerage
system could accommodate larger flows, to be achieved through an
increase in the number of conventional connections in the sewered areas
and the provision of a small bore sewer system in adjacent areas. The
small bore sewers will feed into the existing trunk sewer. Improved
treatment will be necessary to replace the existing treatment plant,
which is underdesigned, ineffective, and currently being bypassed as
explained in Section 1.E.

Improved on-site systems are necessary to improve sanitation
immediately and to meet the needs of the growing population.
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Table F.6 FARMVILLE: SANITATION SYSTEMS, 1980-2000

Year 1980 1987 2000

People Units People Units People Units
…______________.-- number -- …______________

Open Defecation 4,650 n.a. - _ -

Unimproved Pit latrine 16,300 1,600 - - - _
VIP latrine - - 1,900 1,200 9,300 900
Pour-flush Toilet - - 8,900 900 13,900 1,400
Cesspit 13,550 1,350 8,900 900 13,900 1,400
Septic Tank 7,900 800 8,900 900 9,300 900
Pour-flush Toilet with
Sullage Soakaway - - 6,500 650 18,500 1,900
Conventional Sewer
Connection 7,600 760 10,000 1,000 16,800 1,700
Small Bore Sewer
Connection - - 8,900 900 19,800 2,000

Total 50,000 n.a. 64,000 n.a. 101,500 n.a.

Suce: Consultant's estimates

4. WATER SUPPLY AND SANITATION PIOJECT, 1982-86

Some measures are necessary to improve and rehabilitate Farmville's
water supply and sanitation systems. These are included within Phase 1
which could be carried out relatively quickly, before the end of 1983.
Other measures, requiring further design work, are included in Phase 2,
scheduled for 1984-85.

MWD should remain responsible for water supply and sewerage,
probably using consultants to implement the project. The Ministry of
Health should remain responsible for on-site sanitation.

4.A Phase 1: 1982-83

1. Water Supply. The immediate need is to supplement the existing
source (the Irrigation Canal) during periods of days and occasionally
weeks when it is unavailable because of maintenance by NRIA. For this,
a 2.0 km long ductile iron pipeline, 300 mm diameter, should be
constructed from the North River to the Northeast Treatment Plant,
together with a pumping station at the river. With this proposed
pipeline the system need not rely solely on the irrigation canal for its
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supply of raw water, thus ending major supply interruptions and

improving raw water quality.

The treatment plant needs renovation, including the installation of
new filters and pumps to replace those that are clogged and out of
service. Also, new master meters should be installed.

Farmville also needs treated water storage to improve pressures in
the distribution system and meet peak hourly demand. A new elevated
storage reservoir (capacity 200 m3) is proposed south of the city, as
located on Figure F-3. Other rehabilitation measures include repairs to
the four deep wells and chlorinators and to the transmission and
distribution system to eliminate the extensive leaks. In addition, some
augmentation of the distribution network is necessary to reduce the
number of people who must rely on standpipes.

2. Sanitation. The immediate need of the sewerage system is to

reinforce damaged sewers. The oldest sewers which are prone to frequent
collapse should be strengthened, and the roadbeds reconstructed to
provide greater protection. This will require consultation with the
Ministry of Transport.

On-site sanitation systems should be built and improved through
self-help and through contractors, aided by the Ministry of Health. The
Ministry of Health's health centre should be staffed by a health
inspector and several assistant health inspectors charged with promoting
and providing technical assistance for upgrading existing on-site
sanitation systems. This should include a demonstration site at the
centre for Ventilated Improved Pit latrines, pour-flush toilets and
pour-flush toilets with sullage soakaways. The environmental health
staff should also be provided with transport, offices, equipment, and
supplies.

Local residents should be consulted to determine which of the
on-site sanitation facilities is appropriate for the different religious
groups. Observations indicate that the cultural practice of Hindus in
Optima is to place the toilet outside and away from the house. For this
reason, it may be difficult to introduce the pour-flush toilet into
local Hindu communities, and the VIP latrine is expected to be the
preferred technology. Similarly, Moslems in Optima use water for
cleansing and seem to prefer to have the toilet inside the house for the
sake of privacy. The pour-flush toilet is probably an acceptable system
for local Moslem families. These tentative conclusions need to be
confirmed through consultations with community representatives.

It is anticipated that the improvement of on-site sanitation
systems will be an ongoing process, so that approximately half of the
project objectives will be achieved during Phase 1.
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3. Management. The present record-keeping and billing system of
MWD is inadequate. This should be rectified through the training of the
six clerical staff and through the installation of a mini-computer to
help reduce costs and errors. Local consultants will be necessary to
supervise the introduction of computerized record-keeping and to advise
on the organization of an appropriate management information system.

4.B Phase 2: 1984-85

1. Water Supply. During the project period a new water source for
Farmville will have to begin operating. As this is to be provided by
the North River Wellfield to be developed for Port City, a new pipeline
would be constructed between the North River transmission line to Port
City and the southern edge of the Farmville distribution network. This
branch line, 3.1 km long and 400 mm in diameter, would cost an estimated
Z370,000. In addition a 1.0 km pipeline, 300 mm diameter, would connect
it to the line from the North River to the Northeast Treatment Plant
that will be constructed during Phase 1. The Farmville ends of these
lines are shown on Figure F-3.

The existing distribution system already covers the town
extensively so only minor extensions are required during the project.
It is expected that some 4 km of pipes, mostly 75 and 100 mm diameter,
will be installed in the period 1983-85. The project also allows for
the installation of approximately 700 house connections and several
public standpipes. Much of the cost of new private connections will be
paid for by means of connection charges.

2. Sanitation. Extension of the sewer system to adjacent
residential areas via a small bore sewer network would permit collection
of cesspit effluents, once they are upgraded by installation of overflow
devices. Some 10 km of 80 mm diameter pipe is needed, in addition to
the provision of interceptor tanks and the upgrading of existing
cesspits into interceptor tanks. A systematic procedure for desludging
cesspits and interceptor tanks with suction units mounted on trucks
should be instituted.

The Riverside Treatment Plant should be dismantled and replaced by
a stabilization pond system which takes advantage of the topography and
availability of land currently owned by the Ministry of Water
Development, southeast of the city, in the vicinity of the existing
treatment plant. At present 7,600 people in Farmville are using the
sewer system. Allowing for future expansion to 1987, the stabilization
pond system should accommodate the wastewater of about 19,000 persons.
Experience with comparable pond systems elsewhere indicates that the
system for Farmville should incorporate anaerobic ponds (1 ha),
facultative ponds (2 ha), and a maturation pond (1 ha). A preliminary
layout is shown in figure F-6. The anticipated effluent would contain
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less than 20 mg/l BOD (algae removed) and be acceptable as effluent

discharging to the North River. Further design work will be required
before construction.

Some limited further extensions to on-site sanitation systems will

also occur during Phase 2.

4.C Implementation

Project implementation for water supply and sewerage would be the
responsibility of MWD. Engineering design and project supervision would

be beyond the capabilities of present MWD staff in Farmville and Port
City. These functions could be undertaken by MWD staff from the Capital
City headquarters if available. Alternatively, engineering consultants
could be engaged by MWD for this work.

Training will be necessary for the clerical staff. Management

consultants would be required to assist MWD staff to improve systems of
data collection and billing. The same consultants could help MWD staff
utilize an appropriate mini-computer for these functions.

Project implementation for the on-site sanitation components will
be the responsibility of the Ministry of Health. The costs for this
component are modest (Z70,000 - see Table F.7) and should be financed
directly by MOH. Technical assistance should be sought to improve MOH's
operations in Farmville.

Work on the total project could start in 1983 and be completed in
1985, as indicated in the construction schedule of Figure F-5. The

first step is to begin the planning and design of the immediate
improvements.

Additional water would be provided when the North River Wellfield
scheme is completed for Port City, tentatively in early 1986.

4.D Project Costs and Financial Aspects

The overall project is estimated to cost a total of Z4.4 million.
The Phase 1 program has a total estimated cost of Z1.3 million in

current prices, and Phase 2 will cost Z3.1 million. Project costs are
summarized in Table F.7 and provided on an annual basis in Table F.8.

The estimated foreign exchange components amount to ZO.5 and
Z1.4 million, respectively, or 43% of total costs. It is proposed that
the government request a loan of Z2.2 million from an international

development agency to finance 50Z of the total costs i.e. the foreign
exchange component plus an element of local costs. The advantage of an
international agency loan is its long term and relatively low interest
rate. The other half of the costs would be financed from the MWD and
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Table F.7 FARMVILLE: PROJECT COST SUMMARY

Phase 1 Phase 2 Total

A. Water Supply --- Z (000)
Pipelines:
North River Pump Station to
Northeast Treatment Plant 120 - 120

North River Wellfield - Port City
transmission line to Farmville
network - 380 380

North River Pump Station and
Wellfield branch to Farmville - 100 100

North River Pump Station 80 - 80
Repairs to wells 10 - 10
Renovation, filters, and pumps at
treatment plant 80 - 80

Treated water reservoir 250 - 250
Repairs to transmission and
distribution system 30 - 30

Augmentation of distribution network 50 50 100
Sub-total 620 530 1,150

B. Sanitation
Reinforcement of existing sewers
and reconstruction of roadbeds 40 - 40

Small bore sewer system (including
cesspit conversions) - 900 900

Health centre improvements 50 - 50
On-site systems improvements 20 20 20
Stabilization Pond Treatment Plant - 240 240

Sub-total 110 1,160 1,270

C. Management Systems
Local consultants and training 50 - 50
Mini-computer 30 - 30

Sub-total 80 - 80

Water, sanitation and management
Sub-total 810 1,690 2,500

Physical contingencies (25%) 200 420 620
Engineering and administration (7X) 60 120 180

Total, mid-1981 prices 1,070 2,220 3,290

Allowance for price increases during
implementation 220 880 1,110

Total in current prices 1,290 3,100 4,400
m 



Table P.8 PARMNVILLE: CAPITAL COSTS BY YEARS

ITEM 1982 1 1983 1 1984 1985 11 Total
1982-85

A. Water Supply Z----_----------- Z (000) - ---- …-------------

Pipelines: North River Pump Station to
Northeast Treatment Plant - 120 - _ 120

Wellfield - Port City line to
Farnville Network - - - 380 380

North River Pump Station to
Wellfield Connection - - - 100 100

North River Pump Station - 80 - _ 80
Treated Water Reservoir - 250 - _ 250
Well Repairs - 10 - _ 10
Treatment Plant Renovations 20 60 - _ 80
Transmission/Distribution Line Repairs 10 20 - _ 30
Network Augmentation - 50 20 30 100

Sub-Total 30 590 20 510 1,150

B. Sanitation
Sewer Repairs 10 30 - - 40
Health Centre Improvements 10 40 - - 50 Oo
On-Site System Improvements - 20 10 10 40 I
Small Bore Sewer System - 400 500 900
Stabilization Pond Treatment Plant - _ 160 80 240

Sub-Total 20 90 570 590 1,270

C. Management Systems

Consulting Services and Training - 50 - - 50 'd d
Mini-Computer ' 30 _ _ 30 

Sub-Total _ 80 _ - 80 "

Water, Sanitation and Management Sub-Total 50 760 590 1,100 2,500 X H

Physical Contingencies - 200 150 270 620

Engineering and Administration 20 40 50 70 180 nO

Sub-total, mid-1981 prices 70 1,000 790 1,440 3,300 >

Price Increases 10 210 250 630 1,100 0

Total in Current Prices 80 1,210 1,040 2,070 4,400 Y
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MOR budgets. If interest on the international loan is capitalized

during the construction period, the total loan amount would be
Z2.85 million.

MWD has not kept detailed financial accounts of the Farmville

system but has kept reasonable records of meter readings and production
data. Records of payments of wages and other operating costs are also

available in MWD files. Pro-forma income statements have been prepared
for the years 1982 (before the project) and 1987 (the first full year
after the project facilities are operational). These income statements
and the assumptions on which they are based are provided in Annex 1.

Key information is summarized in Table F.9.

Table F.9 FARMVILLE:
SUMMARY OF PROJECTED MWD INCOME STATEMENTS

1982 1987
--- z (000) --

Income
Water Supply Revenues 245 1,033
Sewerage Revenues 55 269
Total 300 1,302

Expenses
Operating Costs 314 721
Depreciation 75 300

Sub-total 389 1,021

Interest - 276

Total Expenses 389 1,447

Net Income (89) 5

Loan Amortization - 99

Cash Surplus (Deficit) (89) 206

Source: Consultant's estimates. Details in
Annex 1.

Revenues in 1987 are markedly higher than in 1982 for several
reasons:

a) Water use is projected to be 50% higher in 1987 as
industrial and domestic connections and demands increase
and shortages are eliminated.
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b) Metering improvements ensure that virtually all consumers
are charged on the basis of metered consumption in 1987,
whereas some 40% are on flat rate charges in 1982.

c) Domestic water tariffs increase from ZO.20/m3 to ZO.40/m3

in 1987 and industrial water tariffs from ZO.20/m3 to
ZO.50/m3.

The projected tariff increase for domestic water amounts to 23% in
constant prices over the five-year period, after allowance for inflation
(details in Annex 1). Even with such an increase, no low income
household should have to pay more than 3.5% of its income for water and
sanitation.

These provisional financial statements, based on reasonable
assumptions, confirm that MWD can implement the proposed project, meet
operating costs and loan repayments (assuming 50% of the costs are
provided by government grant), and attain positive net income and cash
flow in 1987, provided metering and billing procedures are improved and
tariffs are increased by 23% in real terms.

A smaller positive cash flow would result if smaller tariff
increases were to apply in 1987. (ZO.35/m3 for domestic water supply and
ZO.45/m3 for industrial consumers). However, the reduced revenues would
result in negative net income, after allowance for depreciation.
Details are provided in Annex 1.

The charges to be paid by MWD to PCWSC for the bulk supply of water
from the North River Wellfield scheme will have a significant impact on
the future financial situation for Farmville. This matter should be
confirmed with PCWSC as soon as practicable, probably after the full
Feasibility Report for Port City has been completed in February 1983.

MWD might consider obtaining more water than presently indicated
from PCWSC if the price to be charged by PCWSC for water from the North
River Wellfield scheme is less than the marginal cost of producing water
from its present sources.

5 CONCLUSIONS AND REOIENDATIONS

A project to meet Farmville's water supply and sanitation needs
would have two components: immediate improvements to be implemented
Phase 1 (1982-83) at an estimated current cost of Z1.3 million and
Phase 2 works to be implemented in 1984-85 at an estimated current cost
of Z3.1 million.
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The major water supply elements of Phase 1 would be: first, a new

pumping station and pipeline from the North River to the existing
Northeast Treatment Plant to replace the existing irrigation canal
source when it is unavailable and, second, a new elevated storage reser-
voir for treated water within Faruville. Minor repairs and extensions
to the existing transmission and distribution systems would be
included. No major sanitation works would be undertaken during Phase 1,
which would be confined to rehabilitation and repair of existing sewers
and on-site systems and improvements to the health centre.

During Phase 2, new water pipelines are included to enable

Farmville to obtain water from the proposed regional water system
serving Port City, based on the North River Wellfield. This component
of the project should be confirmed with PCWSC after the Feasibility
Report for the Port City project is completed early in 1983.

Major sanitation works in Phase 2 include the construction of a

small bore sewer network in areas adjacent to those covered with exis-
ting conventional sewers and a new stabilization pond sewage treatment
plant to replace the existing Riverside plant which is being bypassed.

It is recommended that:

1. MWD obtain approval and financing for the total project,
with particular emphasis on the immediate improvements of
Phase 1.

2. MWD and the Ministry of Health confirm arrangements whereby
the on-site sanitation component of the project will be
undertaken by the Ministry of Realth.

3. MWD assign competent engineering staff or obtain consulting
assistance for detail designs and procurement required to
implement the project.

4. MWD obtain assistance from management consultants to
improve billing procedures and record keeping and to advise
on the organization of a management information system.

5. MWD enters into formal negotiations with PCWSC to confirm
the tariff to be charged for the additional water to be
supplied in bulk to Farmville from the North River
Wellfield.

6. MWD complete studies to determine how much water should be
provided to Farmville in future from the existing sources
and how much from the North River wellfield scheme.
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FARHVILLK: FINANCIAL PROJICrIONS

MWD has not kept conventional accounting records for Farmville's
water supply and sewerage system. However, basic data in the MWD files

permit the derivation of income statements for previous years.

Projected income statements have also been prepared to demonstrate the

results of the proposed project on MWD's financial situation.

Projected income statements have been prepared for two years:

1982, the year before the project; and 1987, the first full year after

the project is operational.

Financing for Project

A loan totalling Z2.85 million is assumed from an international
lending agency to cover:

50% of project costs: Z2.20 million
Interest during construction: ZO.65 million

Total Z2.85 million

This loan is assumed repayable over 15 years at 102 per annum

interest.

All other capital costs are assumed met from grants from the

national government.

Basic Assumptions

Table F.A1 summarizes the assumptions underlying the projected

income statements, which are based on the limited available records of
MWD.

Estimated water use of various residential consumers in 1982 is

similar to that shown in Table F.2 for 1980. However, those connections

which are not metered, roughly 40% of the total in 1982, are actually

charged a flat rate which is equivalent to consumption totalling

10 m3/month (about 330 litres daily). While revenues for metered

consumption are estimated on the basis of volume of water used, the
revenues for unmetered consumption are based on this flat rate, not on

the estimated water use. No charges are collected for water provided at

public standpipes. All consumers with sewer connections have water

meters so that sewerage surcharge can be assessed. If the water meter

is not in working order, water consumption is estimated according to

previous bills. The sewerage surcharge has been set at 502 of the

charge for water supply as in the past.
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Table F.Al FARNVILLE:
ASSUMPTIONS FOR PROJECrED MWD INCOME SrATIEMNrS

Before Project After Project
1982 1987

WATER SUPPLY

A. Water Production (000 m3 /year)
Northeast Treatment Plant 2,780 3,300
Wells 620 300
North River Scheme (purchase

from PCWSC) _ 560
Total 3,400 4,160

B. Water Use (000 m3 /year)
Industrial Connections 230 310
Domestic (Metered) Connections 830 2,100
Domestic (Unmetered) Connections 560 50
Public Standpipes 80 100
Total 1,700 2,550

C. Water Unaccounted-For 1,700 2,010
Amount (000 m3/year) 50 39
Z of Water Production

D. Number of Connections
1. Industrial (all metered) 40 50
2. Domestic

With Working Meters 1,920 4,000
Without Working Meters 1,280 100

Sub-total 3,200 4,100
3. Public Standpipes 47 50
Total 3,287 4,200

E. Charges to Consumers
Charge per new connection (Z) 100 165
Tariff per cubic metre sold (Z/m3 )

Industrial Consumers 0.20 0.50
Domestic Consumers 0.20 0.40

Flat Rate for Unmetered Consumption
(Z/month) 2.00 4.50

SEWERAGE

A. Sever Connections (number)
Conventional system 790 1,000
Small bore sewers - 900

B. Water Sold to Consumers with Sewer
Connections (000 m3/year)

Conventional system connections 460 740
Small bore system connections - 480

C. Charges to Consumers
Cost per conventional connection (Z) 300 500
Cost per small bore connection

including interceptor tank (Z) - 330
Severa¶e surcharge on water sold

Industrial Consumers 0.10 0.25
Domestic Consumers 0.10 0.20
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After the North River Wellfield scheme begins to supply Port City
in early 1986, Farmville Ls assumed to obtain some water from this new
scheme in certain circumstances, viz:

a) when peak daily requirements exceed 12,400 m3/day, i.e. the
quantity to be produced at MWD's renovated Northeast
Treatment Plant (limited by water license and capacity) and
the four existing wells; or

b) when the Northeast plant is closed, either for repairs or
due to lack of water in the irrigation canal which supplies
this plant from the Farmville reservoir.

MWD is also expected to rest its Farmville wells when the North
River scheme begins operating as part of a regional program of arresting
the declining groundwater levels due to over-pumping.

En practice, MWD is expected to obtain most of its water in future
from the existing Northeast plant, to reduce the use of wells, and to
obtain residual requirements from the North River Wellfield scheme.

Water purchase from PCWSC refers to water provided from the
proposed North River Wellfield scheme being developed by the Port City
Water and Sewerage Commission. The connecting pipeline to this scheme
is included in the proposed Farmville project (1984-85) and should be
operational from 1986. The cost of water from this source, which has to
be formally agreed with PCWSC, is tentatively assumed at ZO.30/m3 for
1987. The assumed quantity of water to be purchased, shown in
Table F.A1, also has to be negotiated between MWD and PCWSC.

MWD is responsible for sewerage but not for on-site sanitation
systems, which are the responsibility of individual property owners,
assisted by the Ministry of Health.

Future inflation rates in Optima are assumed as follows:

Year Rate Cummulative from 1982
1983 12.0% 1.120
1984 11.0 1.243
1985 10.0 1.368
1986 9.0 1.491
1987 9.0 1.625

Government practice has been to provide subsidy to cover operating
losses or to recover net income generated in any year. Also, the
government provides annual grants for minor extensions and other capital
requirements. Therefore, there is no interest expense in 1982.
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The projected income statement includes allowance for depreciation
on fixed assets. The depreciated value of the present Farmville assets
are not accurately known. However, very rough estimates can be made of
the asset base, appropriately revalued to take account of inflation, and
a reasonable level of depreciation as follows:

1982 1987
-- Z (000) --

Estimated Value of MWD Assets* for:
Farmville Systems:
Revalued Original Cost 3,300 8,900
Net of Accumulated Depreciation 1,500 6,800

Estimated Annual Depreciation 75 300

The estimated value of the 1987 assets is made up of the following
elements:

z (000)
Revalued Original Assets 3,300
New Project 4,300*
Capitalized Interest during Construction 650
Other Miscellaneous Capital Construction 650
Total assets in 1987 8,900

Projected Income Statements

Projected income statements for MWD's water supply and sewerage
systems in Farmville are presented in Table F.A2.

The results for 1982 indicate that cash operating costs exceeded
revenues by Z14,000, and that when depreciation is recognized a net loss
of Z89,000 was incurred.

The projection for 1987 is based on the water tariffs included in
Table F.A1, that is:

Domestic Consumers - ZO.40/m3

Industrial Consumers - ZO.50/m3

* MWD assets exclude the on-site sanitation facilities for which
individual property owners are responsible, and the Ministry
of Health provides technical and financial assistance.
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Table F.A2 FARXVILLE:
PROJECrIONS OF NWD INCOME STATEMENTS FOR WATER SUPPLY AND SEWERAGE

Before Project After Project
INCOME 1982 i 1987

.~~~~~~~~~- - - - - ..Z ( 000 -- - - -

Water Supply Revenues

Metered water sales
Industrial 46 155
Domestic 166 840

Fiat rate for unmetered consumption 24 5
Charges for new connections 9 33

Sub-total 245 1,033

Sewerage Revenues

Surcharge on water consumption
Industrial consumers 9 37
Domestic consumers 37 210

Charge for new connections
Conventional 9 15
Small bore - 7

Sub-total 55 269

Total Income 300 1,302

EXPENSES

Operating Costs

Staff wages and benefits 230 393
Chemicals and energy 28 58
Purchase of water from PCWSC - 168
Vehicles and equipment 15 26
Materials for operations and

maintenance 15 31
Administrative expenses 14 24
Miscellaneous 12 21

Sub-total 314 721

Depreciation 75 300
Sub-total 389 1,021

Interest _ 276

Total Expenses 389 1,297

Net Income (89) 5

Loan Amortization _ 99

Cash Surplus (Deficit) (14) 206

Source: Consultant's estimates. Basic assumptions in Table F.A1.
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Revenues based on these tariffs would produce a positive net income of
Z5,000. Thus, tariff increases for residential consumers (ZO.20/m3 to
ZO.40/m3) would be about 23Z in real terms (free of inflation) over the
five years 1982-87. This would produce a positive cash flow of
Z206,000.

Lower tariffs would be required if the less stringent objective of
producing a positive cash flow for 1987 were accepted. An alternative
projected income statement has demonstrated that a positive cash flow of
Z57,000 and a negative income of Z144,000 would result in 1987 if water
tariffs that year were:

Domestic Consumers - ZO.35/m3

Industrial Consumers - ZO.45/m3

This 75% increase in the domestic tariff in current prices would only
increase the tariff by 81 in real terms. This alternative is the
minimum needed to retain satisfactory financial viability and repay
Farmville's debt incurred to finance the project.
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Dear Mr. Undugu:

In accordance with our contract of August 20, 1981 and its
accompanying Terms of Reference, we are pleased to submit our
Pre-feasibility Report for the Port City Project. The Executive Summary
is presented first, followed by the full report, including the Table of
Contents.

This report is an interim report toward the final Feasibility
Report which we will submit in February 1983. A Pre-feasibility Report
for Farmville is being submitted at the same time as this report.

We wish to acknowledge the generous cooperation extended by the
staff of PCWSC and the members of the project Steering Committee.

Yours very truly

X. Pert
Study Manager
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Krcur]iVE sUiuaR

This Pre-feasibility Report is the interim report for the

comprehensive feasibility study for water supply and sanitation systems

in Port City. The final Feasibility Report is scheduled to be issued

teln mDnths from now in February 1983.

The initial stage of this study has examined prospective urban

development in Port City to the year 2000, evaluated alternative water

supply and sanitation projects, and selected the priority components to

be built in 1984-86, defined as the implementation period for a project.

Throughout this analysis, water and sanitation requirements have been

treated together.

The methodology of this study has been to determine the least cost

approach to meeting Port City's water supply and sanitation needs. This

has involved the consideration of alternative service standards,

alternative service coverages, alternative technologies, alternative

water supply sources and alternative wastewater treatment and disposal

methods.

Port City's population is projected to double from 1.4 million in

1981 to 2.8 million by 2000. Its water supply and sanitation services
are inadequate for its present population. Water shortages have been

increasing since 1975, and adverse sanitation conditions (including
defecation in the open and the use of unimproved pit latrines and

overflowing cesspits) cause increasing hazards to public health. Major

programs are necessary to provide safe drinking water and improved

sanitation to all the population and to cope with its future growth.

A report recommending an Immediate Improvement Project (IIP),

submitted two months previously, recommended measures to rehabilitate

the existing systems of water supply and sewerage. That work would be

completed in the 1982-84 period at an estimated cost of Z9.7 million.

The water supply network of the Port City Water and Sewerage

Ccimmission (PCWSC), covering 77% of the urban area, served roughly 70%

of the population with house connections in 1981 and a further 24% from

standpipes. (Private wells were used by the others.) Per capita water

use was 116 litres daily at house connections, compared to 127 litres

daily in 1977. People dependent on standpipes used about 15 litres per

capita daily.

Source constraints have limited water sales since 1975. The

aggregate capacity of existiDg sources totals 335,000 m
3/day, which is

low compared to the realistic projection of future water requirements

shown in Table 1. A major augmentation of the supply is needed as soon

as possible, and total requirements will be about twice the present

source capacity by 1995.
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Table 1 PORT CITY: PROJECTED WATER DEMANDS FOR PCWSC SYSTEM

1981 1987 2000

Total Population (000) 1,405 1,800 2,840

Population Served by Water
Connections (000) 985 1,560 2,700

Water Sales: (000 m3/day)
Domestic Connections 114 187 365
Standpipes 5 4 3
Industry/Institutions 45 80 152
Farmvillel/ - 2 11
Total 164 273 531

Water Production (000 m3/day) 313 440 818

Unaccounted-for as % of Production 48 38 35

I/ Farmville to be provided with bulk water supply by PCWSC in

future.

Two major new water sources to expand the PCWSC system have been
evaluated: the North River Wellfield, estimated to have a yield
capability of 200,000 m3/day, and the Large River scheme, with an
estimated total capability of 300,000 m3/day. Both will be required by
the year 2000, but the wellfield scheme should be built first.
Pipelines, reservoirs, distribution system extensions, new connections,
and equipment for operation and maintenance are all included in the
recommended water supply component of the project which can be
implemented in the period 1984-86.

The only sanitation system in Port City for which PCWSC is
responsible at present is a system of conventional sanitary sewers which
covers about 35% of the city, but serves only about 20% of the
population. Existing and alternative future service standards and
coverage for sanitation have been evaluated in conjunction with water
supply standards and coverage. Table 2 highlights the fact that the
very unhygienic sanitation practices presently followed by the quarter
of the population who use open defecation or unimproved pit latrines
will be corrected by 1987. Another half presently use cesspits or
septic tanks, most of which are working unsatisfactorily (overflowing
and/or polluting the aquifer), but it would take another project to
eliminate these problems by the turn of the century.
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Table 2 PORT CITY: PROJECTED DOMESTIC SANITATION SERVICE LEVELS

1981 1987 2000
Population Served (thousands)

A. On-Site Systems
Open defecation 140 - _
Unimproved pit latrines 200 - -
Ventilated improved pit latrines and

pour-flush toilets - 170 140
Cesspits 620 570 -
Septic tanks 150 290 -

Pour-flush toilets with sullage soakaway - 20 -

Sub-total 1,110 1,090 140

B. Off-Site Systems
Small bore sewer - 240 2,065
Conventional sewers 280 430 620
Public toilets 15 40 15

Sub-total 295 710 2,700

Total Population 1,405 1,800 2,840

It is recommended that the existing conventional sewer systems not
be expanded but be more fully utilized by residents in the sewered
area. The first stage of a new system of small bore sewers to cover
600 ha should be built in the project period. Wastewater from the sewer
systems should be treated at new stabilization ponds to be constructed
at Hog's Bay; the existing and ineffective Meanthyme Wastewater
Treatment Plant shou:Ld be closed, and the site converted to a
maintenance base.

On-site sanitation should continue to be used by about 1.1 million
people in 1987 (as in 1981) but all systems should be made effective and
hygienic. Open defecation is to be eliminated. Residents with water
connections but without sewers would use improved cesspits, septic
tanks, or a more economic technology: pour-flush toilets with
soakaways. Residents without water connections would use ventilated
improved pit latrines, pour-flush toilets, or public toilets. Several
of these technologies are novel in Port City, and so major efforts will
be needed to encourage their acceptance by the users through intensive
promotion activities, particularly during the first year of the project.

Port City contains three principal religious groups: Hindus,
Moslems and Christians. Each group, especially in the lower income and
squatter settlements, has different defecation practices and
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preferences. A continuing dialogue will need to be established with the
different groups to ensure that the proposed on-site sanitation systems
are socially acceptable in the communities.

From 1987 to 2000 sanitation improvements would concentrate on

expanding the small bore sewer system and the Hog's Bay Treatment
Plant. On-site sanitation systems would be replaced (mostly through
conversion into small bore sewer connections), so that some 95% of the
population would be using conventional or small bore sewers by the year
2000. This projection will require re-evaluation in the post-project
period and should be taken as indicative, not as a firm plan through the
year 2000.

PCWSC should be made responsible for on-site sanitation as well as
for off-site systems, so that a comprehensive program of improvements
can be implemented. This basic expansion of the Commission's role will
have to be agreed with the Ministry of Health (currently responsible for
on-site sanitation) and will have significant implications for PCWSC's
organization, staffing, and finances. These topics will be addressed in

detail in the Feasibility Report.

The estimated costs of implementing the strategic plan to the year
2000 are summarized in Table 3.

Table 3 TOTAL COSTS OF WATER SUPPLY AND SANITATION PROGRAM

Project Period Longer Term Total
1984-86 1987-2000 1984-2000

- …------- Z million of 1981 -…

Water Supply 62.7 235.3 298.0

Sanitation 30.9 84.1 115.0

Total 93.6 371.4 413.0

The project recommended for implementation in the near term is
expected to result in total final costs of Z137 million (allowing for
price increases during the period through 1986), as summarized in
Table 4.

Two-thirds of the total project costs are for water supply and
one-third for sanitation. The estimated exchange component is 52% for
the water supply component but only 17% for the sanitation component
(since it requires less imported equipment), giving an overall foreign
exchange cost of some Z59 million, or 43% of total costs.
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Table 4 SUMMARY COSr ESTIMATE FOR PROJECT, 1984-86

Local Foreign Total
--- Z million -- …------

Water Supply (mid-1981 prices) 28.2 34.5 62.7
Sanitation (mid-1981 prices) 24.9 6.0 30.9

Sub-total 53.1 40.5 93.6

Price Increases 24.6 18.8 43.4

Total (current prices) 77.7 59.3 137.0

Total capital expenditures (including the IIP and interest during
construction) for 1983-85 amount to Z161 million.

The largest source of funds in the tentative financing plan would
be international agency, from which a loan of Z75 million or 55% of
project costs is assumed. Other sources include funds generated from
PCWSC tariffs (6%), contributions from consumers for new connections
(5%), and a government loan (34%).

The existing PCWSC water tariff, ZO.25/m3 for all consumers, has
been unchanged since 1974. A surcharge is also collected on the water
bill of consumers with sewers: 30% for domestic and 71% for industrial
consuemrs. However, the Commission's financial situation has
deteriorated with rising costs in recent years, and in 1981 PCWSC
expects to record an operating loss of Z3.0 million. Tariff increases

are necessary to meet current operating costs, as well as to generate
revenue to help finance the project and operate the enlarged system in
the future. Alternative tariff schemes will be evaluated in the
Feasibility Report, but average increases of up to 50% are indicated if
the ciperations of PCWSC are to be financially viable.

Without the project, water shortages in Port City will worsen,
further impeding its industrial development and reducing essential
services to its people. Public health conditions will continue to
deteriorate in the absence of adequate sanitation services in the
increasingly dense urban area. Pollution of local groundwater and of
the 'harbour, already serious, could rise to dangerous levels. The
project is therefore essential.

Several actions are recommended. Sources of project financing
should be further explored, particularly from international agencies.
Basic changes in the institutional framework for sanitation within Port
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City should be agreed. PCWSC should begin to get necessary approvals
for components of the proposed project, particularly water sources,
wastewater treatment plant, and associated land.

A Pre-feasibility Report for a water supply and sanitation project

in Farmville is being issued simultaneously with this report.
Farmville's future water requirements are expected to be met from the

North River Welifield proposed for Port City. Meanwhile, improvements
should be made in Farmville's existing water supply and sanitation
systems. The estimated cost of the Farmville project totals
Z4.4 million in current prices.
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Units and Acronyms

BOD Biochemical Oxygen Demand

cm centimetre

ha hectare

lIP Immediate Improvement Project

ISD Institute for Social Development

1 litre

lcd litre per capita per day

m metre

mZ square metre

m3 cubic metre

m3/day cubic metres per day

masl metres above sea level

mg/l milligrams per litre

mm millimetre

MOE Ministry of the Environment

MOH Ministry of Health

MWD Ministry of Water Development

NRIA North River Irrigation Authority

PAID Productivia Agency for International Development

PCWSC Port City Water and Sewerage Commission

TAP Technical Advisory Panel

VIP Ventilated Improved Pit latrine

Z Zinar, the currency of Optima (Z 1.00 = US$ 1.00)

Note: The financial years of PCWSC and MWD are the same as the
calendar year.
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Chapter One
INTRODUCrION

I.A PROJECr GENESIS

The government of Optima has adopted the goals of the International

Drinking Water Supply and Sanitation Decade. It has raised to 2.5% the

proportion of total investment expenditures devoted to the sector during

the current Fourth Plan (1981-85), up from a targeted 1.5% and an actual
1.2% during the Third Plan. Annex P1 provides an overview of the water

and sanitation sector in Optima, including basic data on demography

(urban and rural), health indicators, present levels of water supply and

sanitation services and goals for improving these services. In 1980
some 38% of the total population of 20.0 million had access to safe

drinking water and 20% to improved sanitation. By 1985 the government

expects to provide 58% of the projected population of 22.4 million with

access to safe water and 43% with adequate sanitation. The year 1985 is
a mid-term target for the Decade. Specific details for the 1986-90

period will not be formulated until the Fifth Plan (1986-90) which will

not be available until 1985.

Water supply and sanitation services are currently being improved

by a major project in Capital City, the largest city in Optima. Govern-

ment staff in the Ministry of Water Development and the Ministry of

Health are planning projects to meet sector goals in the smaller towns
and rural areas. However no plans had previously been prepared to

remedy problems in Port City, the capital of Western Province, Optima's

second largest city and the most rapidly growing. It presents the

government with the largest single potential project area in the sector
for which technical and financial solutions are not yet planned. Long

term water supply problems and related matters of sanitation have not
hitherto been addressed. Yet the infrastructure and health problems of

Optima's main port and second largest city are serious, and the

government has resolved that they cannot be allowed to remain unsolved.

In particular, the urban squatter communities who live in the region

present the most serious public health problem in Western Province.

Accordingly, the government has attached very high priority to rectify-

ing sector problems in Port City as soon as possible.

In March 1980, therefore, a task force was set up to consider the

water supply and sanitation situation in Port City and to recommend
action to improve sector services. This task force, coordinated by the

Port City Water and Sewerage Commission (PCWSC) and comprising members
of relevant national and local agencies, identified the potential
elements of a possible project in its report of September 1980.
Basically the proposed water supply component would comprise the

immediate improvement of the existing system plus additional source
works, and treatment, transmission, storage, and distribution
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facilities. The proposed sanitation component would also include
improvements to the existing situation, together with possible
additional sewerage and appropriate systems for on-site sanitation.
Education and training would be a critical element in the project,
including hygiene education and the training of PCWSC and other staff.
The task force recommended that immediate improvements be made as soon
as they had been properly identified.

Port City and the surrounding region are shown in Figure P1-1.

There are two main alternative sources of additional water for Port
City. One is the Large River to the south, where a storage dam and a
major conveyance system have been proposed. The other is groundwater

from the North River Valley. At present this groundwater provides a
substantial portion of the base flows for the North River, on which
there is a dam at Farmville. The dam, built principally for irrigation,
also supplies Farmville with drinking water. The task force recommended

that Farmville's water supply needs be considered together with those of
Port City.

PCWSC issued a Project Identification Report in January 1981,
suggesting a consulting assignment, to result in the preparation of four
related reports:

1) Outline of an Immediate Improvement Project for Port City;
2) Pre-feasibility Report for a Farmville project, which would

contain adequate information for use in seeking project
financing;

3) Pre-feasibility Report for a Port City project, which would
serve as an interim report toward:

4) comprehensive Feasibility Report for a Port City project,
suitable for use in seeking financing from international
development agencies.

The International Bank quickly agreed to provide funds for
technical assistance to complete these pre-investment studies, formally
approving an engineering loan in April 1981. That same month, PCWSC
invited five prequalified firms of consultants to submit detailed
proposals. Following evaluation of these proposals, XYZ Consultants of
Port City was invited in August 1981 to negotiate a contract for this
assignment. The contract was signed with PCWSC on August 20, 1981, and
the study team had mobilized by September 15, 1981.

The Terms of Reference (Attachment 1 of the Identification Report)
call for the final Feasibility Report to be submitted 18 months after
the contract date i.e., by February 1983. This Pre-feasibility Report
for Port City is now submitted as scheduled in April 1982, eight months
after the assignment began.



- 118 - Port City Project
Pre-Feasibility Report

1.B ORGANIZATION AND MNNAGKKKNT OF STUDY

The Port City Water and Sewerage Commission has managed the

preparation of this study. The Project Director is the Chief of PCWSC's
Planning Division.

The Project Director reports to a Steering Committee, chaired by

the National Planning Agency and comprised of senior representatives
from national and local government agencies and departments. The

committee meets to review policy matters approximately every two

months. Its members are:

- Deputy Director, Infrastructure Planning, National Planning Agency

(Chairman);
- Chief Engineer, PCWSC (Secretary)
- Chief Medical Officer, Western Province, Ministry of Health;
- Director, Western Province, Ministry of Water Development;
- Director, Western Province, Irrigation Department, Ministry of
Agriculture;

- Chief Water Adviser, Western Province, Ministry of Environment;
- Chief Education Officer, Port City, Ministry of Education;

- Chief Executive Officer, Port City Local Government;
- Director, Western Province, Ministry of Social Services;
- General Manager, Port City Water and Sewerage Commission;
Chief, Water Supply Division, PCWSC;
C hief, Sewerage Division, PCWSC;

- Managing Director, Port City Port Authority;
Chairman, North River Irrigation Authority.

A Technical Advisory Panel (TAP) has provided more regular guidance

to the Project Director. The Chairman of the TAP is the head of the

Technical Services Department of PCWSC (the Chief Engineer), who also
serves as secretary to the Steering Committee. Other members of the TAP

comprise planners, engineers, economists, and financial officers of

PCWSC and the agencies and Ministries who are represented on the
Steering Committee, selected as necessary for the consideration of

specific topics. The TAP, which can meet at the call of its Chairman or

the Project Director, has had nine formal meetings, plus many less
formal contacts, during the preparation of this pre-feasibility study.

For the present pre-feasibility and feasibility studies XYZ

Consultants leads a group of local and international consultants. The
Study Manager is Mr. X. Pert of XYZ Consultants. The consultants
involved in the work and their main subject areas are:

1. XYZ Consultants, Port City:
Study management, water supply and sewerage planning;

2. Water Resources Specialists, Montreal, Canada:
Alternative water sources, wastewater treatment options;
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3. Public Health Consultants, Capital City:
Sanitation technology options, hygiene education;

4. Social Researchers, Capital City:
Consumer preference surveys, sociological research,
delivery strategies for appropriate systems;

5. Optima Management Consultants, Capital City, with International
Management Consultants, London, England:
Institutional aspects, economic analysis, and
financial projections.

Throughout the study, XYZ Consultants have received excellent
cooperation from all involved government departments and agencies. The
provision of specific information and guidance from the following is
gratefully acknowledged:

Ministry of Interior - maps and survey information;
Ministry of Agriculture - data concerning irrigation schemes,

crops, soils, etc;
Ministry of Defence - coastal charts, information on

currents, etc;
National Statistical Office - demographic and other statistical

data;
Ministry of Health - data on morbidity and mortality

from water-related diseases, water
quality surveillance data, labora-
tory assistance, information on
sanitation in Port City;

Ministry of Water Development - water resources data and special
surveys, information on water
supply and sewerage systems in
Farmville;

Port City Local Government and
Farmville Town Government - local maps, details on local

services;
Port City Water and Sewerage - information on existing water
Commission supply and sewerage systems.

1.C SCOPE OF PRU-FEASIBILITY EPOfRT

This Pre-feasibility Report is an interim report for the comprehen-
sive feasibility study now underway. At this stage in the planning, the
intent is to screen alternative projects in the context of the long term
development of the water supply and sanitation systems so that a
preferred project can be selected for early implementation. There is no
intention to propose a rigid master plan for the long term development
of systems in Port City. Instead, the emphasis is on selecting the best
project which will then be prepared in greater detail during the
subsequent feasibility report stage.
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Most of the work to date has been based on existing data or

preliminary observations and judgements. More detailed investigation
and analyses are to proceed during the remainder of the assignment, now
that the topics meriting such efforts have been defined. Some, notably
a survey of 0.3% of Port City's 160,000 households, have already
started.

Work on this Pre-feasibility Report began in 1981, and the data
used refer for the most part to the year 1980. However, costs are
expressed in price levels of mid-1981.

The following reports have been submitted to the client, PCWSC, in
the course of this assignment:

1. Inception Report - October 1981;
2. Technical Memorandum No. 1: Alternative Future Water Sources

for Port City - December 1981;
3. Technical Memorandum No. 2: Concepts of Sanitation System

Alternatives for Port City - January 1982;
4. Report on Immediate Improvement Project for Port City - February

1982; and
5. Pre-feasibility Report on a Project for Farmville - April 1982

(issued simultaneously with this Pre-feasibility Report for Port
City).

The report on an Immediate Improvement Project (IIP) identified the
principal current problems in Port City's water supply and sanitation
systems. It recommended measures to augment the quantity and improve
the quality of Port City's water supply through mDre reliable well
operation, better operating procedures at treatment plants, reduced
water losses, and better chlorination. It recommended minor extensions
to the distribution network, repairs to existing standpipes and the
installation of 110 new ones, the installation of 26,000 new meters,
minor network improvements to raise pressures, and catching up with the
backlog of applications for new connections. In addition, it recom-
mended improved communications (radio and telephone) within PCWSC, the
purchase of pipe repair equipment, the upgrading of PCWSC workshops, and
an expanded and modified vehicle fleet. Recommendations for the
sewerage system included programs to expand the number of connections in
sewered areas, to survey and repair the older sewers, to repair the
pumping station, to rehabilitate the sewage treatment plant, to
construct new sludge lagoons, to upgrade Port City's public toilets, and
to improve sludge trucking and maintenance capacity. The estimated cost
for completing the IIP totals Z9.7 million.

The IIP has been approved by PCWSC. The Ministry of Finance has
requested international development agencies to consider providing
financial assistance for its implementation. Preliminary discussions
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have taken place with the Productivia Agency for International Develop-
ment (PAID), and prospects for a loan from this source appear good.

The Pre-feasibility Report for a Farmville Project is being submit-
ted simultaneously with this report, in accordance with the Terms of
Reference. The Farmville report is linked to this report for Port City
as it assumes the probable future source of water for Farmville will be
the! new wellfield in the North River Valley developed principally to
meet Port City's future needs. The Farmville report will permit the
responsible authority (not PCWSC) to seek financing for that project.
Under the present assignment, no further efforts will be made concerning
Farmville, except to consider its bulk water supply needs in the context
of a new source for Port City.
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Chapter Two
THE PORT CITY AREA AND THE NEED FOR A PRDJECT

2.A INTRODUCTION

This pre-feasibility study estimates alternative long term demands

for water supply and sanitation services and considers alternative
sequences of project development to the year 2000. A 20-year horizon is

adopted for three reasons. First, a recent master plan for Port City's

urban growth and land use exists for the period through 2000. Second,

reasonable projections of population and service demands cannot be made

for more than about 20 years, using the base-year data for 1980 avai-

lable when this study began in 1981. Third, developments after 2000

will have little effect on project selection for the 1984-86 period, as

discounting makes relatively insignificant the present value of costs to

be incurred in the distant future.

Only limited data are available at this stage. A detailed survey

of 0.3% of Port City's households is now being conducted to obtain more

precise estimates of the numbers of people served by different water and

sanitation systems, the condition of those systems, household incomes,

family sizes and structures, religion, education, and perceptions of

water and sanitation needs. The sample size is large enough to ensure
data of the same accuracy as others used in these reports. The survey

began in January 1982, and it is estimated that it will take six

months. Its results will be incorporated in the full Feasibility

Report. This Pre-feasibility Report presents what data are available,

drawing principally on existing reports and PCWSC records. In addition,

extensive spot surveys have been made of the various areas of Port City
to provide an indication of current service coverage and conditions and

the living conditions of Port City's people.

2 .B THE PROJECr AREA

The project area is shown on Figure Pl-1. It includes Port City,

Farmville, and the river catchment areas which provide their major water

sources. It is bounded on the east by the Green Mountains and on the

south and west by the coastline. All the project area is within Western

Province; Port City is the provincial capital.

There are four population groups in the project area: Port City,

Farmville, the villages of the North River Valley, and the sugar estate

centres of Abu and Bibi north of Port City. The sugar estate centres

already have adequate water and sanitation services. A separate project

for Farmville is discussed in a separate Pre-feasibility Report. The

North River Valley villages are included because a potential new source
of water for Port City will probably involve taking groundwater from

this valley (Section F.2 of Annex P2).
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Port City's legal municipal limits are shown on Figure Pl-1. They

correspond to the natural mountain and sea boundaries, except to the
north where Swamp Creek marks the city's administrative limit.

The coastal region was once fully submerged beneath the sea,
accounting for the limestone formations which are the principal
geological unit overlying the bedrock. Surface deposits of alluvium
overlie the limestone on the lower lying ground, including all of the
areas west of the 300 m contour. All of Port City is built on these
alluvial deposits, which also overlie the marine deposits of the
Farmville plain. The North River Valley in the interior, east of
Farmville, is also covered by up to 50 m of alluvial deposits.
Additional information on the geology of the region is provided in
Section B.1 of Annex P2.

2.C LAND USE AND HOUSING CONDITIONS

Figure P2-1 shows present patterns of land use in the Port City
region. The bulk of the land is devoted to agriculture, especially
large privately owned sugar estates. The estates do not extend into the
North River Valley because soil quality deteriorates quickly to the
northeast. Port City Itself is principally residential, but it also has
significant industrial use of land. The city's expansion is restricted
by the swampy uninhabited area on its northern boundary, which is
reserved for use by the military. The federally owned land of the Green
Mountains is not devoted to any productive purpose, except for a minor
forestry operation to the south.

A major urban development and land use study was completed by LUP
Consultants for the Port City Local Government and the federal Ministry
of the Environment in 1981. Entitled "Urban Development in Port City
Through 2000," the study draws on data covering all years through 1980
and projects urban growth to the end of the century. The following
information on the past and present situation is based mainly on this
report.

Figure P2-2 shows the topography of Port City and Figure P2-3 the
existing land use patterns. The city covers 8,200 ha. Eight
residential zones are identified on Figure P2-4. The city grew up from
the coast inland. Figure P2-5 outlines the progressive expansion of the
urban area over the twentieth century. A fishing village in the
pre-colonial era, Port City grew quickly as the colonial administration
that took over Optima in the mid-nineteenth century developed it as a
provincial capital and trading post. During the nineteenth century, it
was principally confined to the area now known as Old Town. By 1900 it
had grown slightly to encompass parts of today's Business District.
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Very rapid expansion occurred with the development of the port and
the construction of the railway to the interior in the first decade of
the twentieth century. The population grew from 100,000 to 164,000, an
annual rate of 5.1%. These early migrants were attracted to the city by
the availability of jobs on the docks, in the burgeoning construction
industry, and in related trades. The Lower and Middle Residential zones
were established in this period and have continued to expand up toward

the foothills of the Green Mountains ever since, as Figure P2-5 shows.
Further rapid expansion occurred during the 1950s and 1960s when the

urban demand for unskilled labour and the decline of agricultural
profits in most of Optima resulted in prolonged rural-urban migration.

Since 1910, Port City has been the major trading and commercial centre
in Optima, first under the colonial administration until independence in

1963, and subsequently under the national government.

Expansion slowed in the late 1960s, but a new wave of rural-urban
migration began in the late 1970s, and is today accelerating. These
waves of migration have resulted in two large squatter communities:
Railville, which began to emerge around 1950, and Blight Heights, which

was settled in more recent years. The majority of squatters are Hindus
forced off the land by over-population, declining soil fertility, and

worsening economic conditions. The migrants usually come to join
family, friends or people from the same rural village. This pattern of
movement has led to the development in the squatter communities of
strongly defined neighbourhoods linked by cultural and family ties.

Statistics describing the religious and cultural composition of the
squatters communities will be available upon completion of the household
survey. Port City's population is today about 1.4 million. About
one-half are Christians, one quarter Hindu and one quarter Moslem.

Detailed information on existing housing conditions within the

eight residential zones shown in Figure P2-4 will not be available until
completion of the household survey now underway. The broad composition
of each zone is briefly described below, however, based on the national
census, the land use study, and spot surveys:

a) Upper Residential: 1600 ha; 60,000 people in 1980; upper

income; fully residential; owner-occupied single family
dwellings;

b) Middle Residential: 1800 ha; 270,000 people; middle
income; some commercial premises; mainly owner-occupied
single family dwellings;

c) Lower Residential: 2500 ha; 750,000 people; lower income
including some very poor; some commercial and industrial
land use; mainly low cost housing estates and rental

compounds containing 2-4 houses each;
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d) Business: 230 ha.; 23,000 people; middle income; largely a
business area; mainly two-storey buildings but some
high-rise apartments and offices;

e) Old Town: 350 ha; 70,000 people; low income; deteriorating
older one and two-storey buildings;

f) Railville: 170 ha; 102,000 people; low income squatters;
half (Railville B) upgraded with land tenure; half
(Railville A) disorganized with severely substandard
housing;

g) Blight Heights: 275 ha; 96,000 people; low income
squatters; shanty town without proper housing or
infrastructure;

h) Seaview: 100 ha; 30,000 people; middle income; planned
development of single family owner-occupied dwellings.

The Green Mountains, which rise steeply within the city's boundary,
are an obvious barrier to the further expansion of Port City to the east
and south. Apart from some limited further development on increasingly
steep lands along the mountains, the city's only available direction for
urban development is to the north, towards Farmville. Yet, expansion
here is limited by the large swampy area north of Swamp Creek. In
addition, industrial expansion at the site near the docks is constrained
by the neighbouring squatt:er settlement of Railville.

The report "Urban Development in Port City Through 2000" and its
underlying assumptions have been carefully analyzed by the consulting
team, including an urban planner, and an economist, as part of the
present study. We are satisfied that this urban development plan, which
has been formally endorsed by the national government and the municipal
authorities in Port City, forms a realistic basis on which to plan the
future water supply and sanitation systems.

Figure P2-6 shows land use in and near Port City in the year 2000,
as forecast in the 1981 urban development study. The limited room for
expansion means that densification of housing within the existing Port
City residential zones is expected to be the main means of absorbing
future population growth. In addition, by the year 2000, some 260 ha of
presently unoccupied areas will be devoted to residential use,
especially along the western foothills of the Green Mountains. The
study terms these the Extta Zones. By 2000, Port City is also projected
to have expanded outside its current boundaries with the planned deve-
lopment of a middle class suburb, tentatively known as New Town, on
1000 ha of land currently devoted to sugar production. A new industrial
estate is forecast adjacent to New Town.
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The principal land use control procedure in Port City is the 1969

Development Order designed to encourage or block growth in a certain
area. It provides for control over land use by zoning, by road improve-

ment standards and width reservations, by water and sewer standards, and
by other matters. Zoning restrictions are based partly on population
densities. A major drawback to the Order, noted in the 1981 study, is
that the authorities assess plans that must be registered with them

solely from the physical viewpoint and without considering their
socio-economic and environmental implications. Nonetheless, the

Development Order, together with control over future roads and water
services, gives the authorities the theoretical power to shape future
land use. No change in the systems of land use control is anticipated.

The effective control of land use has, however, been limited to the
more established areas of the city. Enforcement has proved impossible
in the squatter communities of Railville A and Blight Heights,
especially where the residents are determined to protect themselves
against eviction and to stay on land they have occupied which is, or
was, owned by the Port Authority (Railville A) and private landlords

(Blight Heights). Before 1973, the private landlords were successful
in keeping squatters off Blight Heights; this control has deteriorated
with population pressures since that time. The squatters moved in
without permission. Today their presence is established, and it is not
practicable to impose land use controls. As a result, population
densities, especially in Railville, have increased rapidly in

uncontrolled fashion.

The 1981 land use study observed that land values rise signifi-
cantly in areas where piped water supply and sewers are installed,
reflecting more rational development and an improved environment.
Property taxes, which are based on land and building values, therefore

capture for Port City some of the increase in land values that occurs
when the infrastructure is improved.

2.D REGIONAL DEVELOPUNTr PROSPECrS

Optima has an agricultural economy, heavily dependent on agricul-
tural exports for foreign exchange. Much of Port City's economy is
therefore concerned with the export of agricultural commodities and

their processed products and the import of oil, machinery, and manufac-
tured goods. Table P2.1 presents local employment by sector.

The oil refinery adjacent to the docks employs relatively few
workers, but refines all of Optima's petroleum imports. Almost a third
of Optima's factories are located in Port City. The chief manufacturing
industries are agricultural processing, sugar refining, textiles,
footwear, cement, metal products, brewing, and furniture manufacture.
Not only is Port City the major seaport for Optima, it is also the site
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Table P2.1 PORT CITY: LABOUR FORCE BY SECrOR, 1980

Sector Numbers (000) Share (M)

Oil Refining 0.2 _
Manufacturing 78.2 23.0
Construction 22.5 6.6
Utilities 5.1 1.5
Commerce 53.6 15.8
Transportation 75.3 22.1
Other Services 41.0 12.1
Unemployed 64.2 18.9

340.1 100.0

Sources: National Planning Agency, Port City Local Government
and consultants' estimates.

of one of the country's two international airports. Railroad shipping
tonnages through the port and airport are increasing rapidly.
Transportation and manufacturing employ approximately equal numbers of
workers, and together account for about half of Port City's labour
force. The next largest source of employment is commerce. The
construction industry, which will be needed in any major water supply
and sanitation project, employs some 22,500 people.

With the port and a third of the nation's industrial output, the
local economy is much stronger and more stable than that of Optima as a
whole. As an existing growth point, it continues to expand faster than
the rest of the economy and to attract increasing numbers of migrants
from the rural areas. Agricultural exports do, however, depend largely
on the! fluctuating world price of sugar, and the government wishes to
reduce Optima's dependence by encouraging further industrialization.
The Port City area should continue to be a major industrial growth
centre.

The two chief constraints to the further rapid expansion of
manufacturing in Port City are power and water. A new 480 MW coal-fired
thermal power station is under construction some 80 km to the south on
the site of a major coal field. It is scheduled for completion in late
1983 and should relieve the electricity shortages which plague industry
and private homes at present. Power to industry is rationed, and there
are frequent unscheduled interruptions in the supply to homes and even
to essential users like hospitals and the sewage pumping station.

Water is the other constraint on further industrial development.
At present, the major industrial users of water are the port itself, the
oil refinery, the brewery, the cement plant, a number of textile
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factories, and the food processing industry. All wish to expand, but

are hampered by water shortages. Water has also been cited as an

obstacle to locating in the Port City area by a number of multinational
companies which have expressed interest in establishing manufacturing
subsidiaries in Optima. The provision of an increased supply of water

would remove a major barrier to further industrial expansion in Port

City.

2.1 POPULATION GROWTH

The population of Port City in 1980 was 1,405,000, according to the

Optima national census. There are in addition about 10,000 people in
the North River Valley villages.

The 1981 land use study projected the population growth rate over

the next 20 years at 3.3%, a continuation of the historical trend over
the period 1970-80. This projection is seriously flawed, however, as it

fails to include any allowance for immigration to Port City from the
surrounding areas. To take account of this, three population forecasts

were derived for Port City, as shown in Table P2.2. A base-case

projection was developed, using a cohort-survival model combined with an

independent in-migration projection applied to the 1980 population
broken down into age groups. Upper and lower bound projections were

also developed. The low estimate is that of the land use study. (1987

data are shown as this year represents the end of the proposed project

period.)

A three-step process was used in the cohort-survival model. First,

an average birth rate was applied to the population for each interval.

Second, cohort-specific mortality rates were applied to the different
age-groups. Third, separately projected in-migration was proportioned
among the cohorts.

The birth rate used was the 1980 national figure of 27.2 per

thousand. Cohort-specific mortality rates were taken from the 1980

national census. In-migration projections were based on rural-urban

migration rates developed by the Department of Social Studies at the

University of Optima. Combining the estimates, the Port City base

population in 1980 of 1.4 million will, by the year 2000, have grown to

2.8 million, equivalent to an annual growth rate of 3.6% over the

20 years. This is faster than in 1970-80 but in line with the expected
urban growth rate for Optima as a whole. The base case projection of

future population is shown on Figure P2-7.

The lower boundary projection assumed in the land use study was set

using a growth rate of 3.3%, the historical rate for Port City between
1970-80. Port City's population grew faster than 3.3% in the very late

1970s with renewed in-migration from the countryside, so 3.3% represents
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Table P2.2 PORT CITY; ACTUAL AND FORECAST POPULATION, 1900-2000

Population (thousands)

Actual Forecast

Annual
Growth Rate Base Case Low Estimate High Estimate

Year in preceding (3.6%) (3.3%) (3.9%)
decade (%)

1900 100 -

1910 164 5.1
1920 220 3.0
1930 282 2.5
1940 361 2.5
1950 519 3.7
1960 746 3.7
1970 1012 3.1
1980 1405 3.3

1987 1800 1760 1840

1990 2000 1940 2060

2000 2840 2690 3020

Sources: 1900-80: National censuses.
1980 onwards: Consultant's estimates (base and high).

"Urban Development in Port City through
2000", by LUP Consultants, (low).

a lower boundary in which there is little continued in-migration. At
this rate, the population will grow to 2.7 million by 2000. The upper
boundary projection was set by adjusting the independent in-migration
figures to reflect a possible acceleration; it is equivalent to an
annual growth rate of 3.9% over the period, resulting in a 2000
population for Port City of about 3.0 million.

Water supply and sanitation services to be provided by the project
proposed in this pre-feasibility study are expected to improve the
health of the people of Port City, and so increase their life expectancy
and the projected population totals. In the medium term, however, this
will have only minor and unquantifiable effects and will, to some
extent, be offset by the use of the 1980 birth rate in the cohort
model. Beyond 1990, or so, however, the effects could be significant
but so could other offsetting changes in health and population practices
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such as improved family planning. The impact of possible future
improvements in water and sanitation services on population cannot be
satisfactorily quantified.

The population mDdel developed is now being used in conjunction
with the land use study master plan to refine the forecasts of the
future population of Port City's residential zones. The results will be
incorporated in the Feasibility Report.

2.F PUBLIC EKALTH

The continued rapid expansion of Port City's population has grave

consequences for public health. Environmental and health conditions are
already very poor in the unplanned and largely unserviced squatter
communities of Railville and Blight Heights (Figure P2-4). There were
typhoid outbreaks in 1979 and 1980, and the incidence of infant and
child gastro-enteritis is much higher in Port City than the overall
average for Optima. (However, this may well be a reflection of better
epidemiological data in Port City than in the rest of the primarily
rural country.) Table P2.3 presents reported cases of water and
excreta-related illnesses in Port City in 1979 and 1980. Note particu-
larly that all records refer only to diseases reported at hospitals and
health centres. Actual morbidity levels must be higher.

Table P2.3 PORT CITY: REPORTED CASES OF WATER AND EXCRETA
RELATED DISEASES, 1979-1980

Disease 1979 1980

Typhoid 61 27
Bacillary dysentery 23 5
Gastro-enteritis 6,097 7,758
Hepatitis 30 12
Filariasis 5 25

Source: Ministry of Health.

The diseases which are particularly worrying, and which improved
water and sanitation services should mitigate, are typhoid and gastro-
enteritis. To have had typhoid outbreaks two years running is excep-
tional and alarming; carriers must continue to exist among Port City's
population. The incidence of filariasis (exacerbated by stagnant,
polluted water) is low so far, but all the epidemiological factors exist
to cause a major outbreak. The health authorities are well aware of
this and have expressed serious concern over their ability to control
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any outbreak that does occur. Gastro-enteritis is widespread among
infants and young children and could be greatly reduced if sanitation
standards were improved.

Health conditions in the squatter communities and the Lower Resi-
dentia:L zone are compounded by the low quality of water, due to both
contaminated sources and contamination from the containers in which
water is carried by vendors. Poor sanitation practices are also a
contributing factor. There are no adult education programs to promote
proper hygiene practices and health education in the schools is very
limited.

2.G SECIOR INSTITUTIONS

Many different agencies are involved in water and sanitation ser-
vices in Port City. As noted in Annex P1, the Ministry of Water
Development is responsible for water resources throughout Optima,
including the project area. It operates under the Water Resources Act
of 1968 and associated regulations.

Port City is governed by an elected council, the Port City Local
Government. Its executive, responsible for all local government
services including planning, is headed by a Chief Executive Officer
appointed for five-year terms by the Local Government. There are in
addition a number of semi-autonomous city agencies responsible for
particuilar services.

The Port City Water and Sewerage Commission (PCWSC) was established
in 1955 to take over water and sewerage services within the city limits
from the then Ministry of Public Works. It is a semi-autonomous
government corporation, directed by a five-member board, of whom three
are appointed by the Port City Local Government and one each by the
Ministries of Water Development and Health.

PCWSC's sole source of revenue is water and sewerage charges.
These have been just adequate in recent years to cover operating
expenses, but PCWSC has had to obtain capital investment funds from the
Ministry of Finance. The Ministry of Finance exercises considerable
financial control over PCWSC: not only does it provide the Commission's
capital investment funds, but it must approve PCWSC's budget and even
minor construction works expenditure. Moreover, it must approve all
changes in the tariff schedule proposed by PCWSC.

Figure P2-8 sets out PCWSC's organization chart. The Chairman of
the PCWSC Board is also the Chief Executive Officer who is empowered to
make day-to-day decisions with the assistance of the General Manager and
the Managers of the Finance, Administration, Technical Services and
Operations Departments. PCWSC has powers to appoint and dismiss its own
staff, who number about 2000.
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PCWSC's organization, management, staffing, and financial situation

are now under review by sub-consultants. These issues will be addressed
in the Feasibility Report.

PCWSC utilizes the services of consultants for engineering, design,
and supervision of construction of major water supply and sewerage
projects, under the control of the Technical Manager and his staff. All
major works are executed through local contractors. Minor extensions to
PCWSC's systems are designed and built by its own staff.

The Ministry of Health (MOH) is nominally responsible for on-site
sanitation and also for hygiene education within Port City. It has
never implemented sanitation projects, however, and confines its activi-
ties to the approval and inspection of septic tanks. (Cesspits are not
permitted by regulation, although they are in fact accepted and are the
most common sanitation systems found thoughout the city.) In practice,
this approval and inspection is usually carried out after the tanks have
been constructed because the Ministry of Health's environmental health
section in Port City is seriously understaffed. The local staff
consists only of a Sanitary Engineer and three Health Inspectors, and
the latter spend at least 90% of their time on food and institutional/
commercial establishment sanitation inspection duties. There is a
hygiene education program in the urban health clinics, but it consists
of little more than the issuance of posters. In practice, the clinic
staff's role remains one of curing the results of poor hygiene rather
than prevention.

There is little cooperation among the various sector agencies,
except at the highest level where representatives of the Ministries of
Water Development and Health sit on PSWSC's board. In particular, there
is little collaboration between PCWSC and the Ministry of Health in Port
City, though both are involved in different aspects of sanitation.

Only one non-government agency is involved in the sector. A
private European charitable agency implemented a minor project in the
squatter community of Railville that included the provision of water
standpipes and some on-site latrines as part of the major urban upgra-
ding of Sector B between 1975-80. The agency provided pipes, but
labour, cement, and other materials were supplied by the community,
which is organized by ethnic and geographical groups. Researchers at
the university have conducted various studies of environmental, socio-
economic, and health conditions in Port City. However, these have been
largely academic and have had no impact on sector services.

An organization which might prove useful in implementing water and
sanitation projects is the Institute of Social Development, an indepen-
dent organization created but not in any way controlled by the Port City
Local Government. The Institute's purpose is liaison with the lowest
income groups, principally the squatters, and it was the implementing
agency for an urban upgrading project in Railville B.
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There is no health education in Port City's schools. The educa-
tional system is complex, reflecting the colonial heritage. There are
three stages: primary (ages 6-10), middle (11-13), and high (14 and
over) schools. There are public and private schools at all three
levels. Education is compulsory by law through middle school, but
enforcement is impossible. Public primary schools are free, and enroll-
ment has been increasing at an average annual rate of 4.8% for the
period 1978-80, the most recent year for which data are available, and
so 68% of the 6-10 age group are now enrolled. However, the ratio of
attendance to enrollment was only 72%. A further 9% attend private
primary schools, where fees vary widely from Z200-700 a year. The
remaining 23% of 6-10 year olds are outside the educational system.
There are serious shortages of teachers in the public primary schools
where the student-teacher ratio is now 47:1. Large classes and the
grouping of grades in one classroom are common as a result. Ratios are
lower in private primary schools.

The situation in the middle and high schools is somewhat better.
Again, there are both private and public schools. Public middle schools
are free, but public high schools charge tuition of Z160 per year.
Private school fees range from Z300-1000. Student-teacher ratios are
better at 32:1 in both public middle and high schools. 63% of the 11-13
age group attend public middle school; and 12%, private middle school.
Similarly, 41% of children aged 14 and over attend public high school
and 17%, private high school. Many middle class families send their
children to private high schools, some to private middle schools, and
fewer to private primary schools. Table P2.4 summarizes the educational
system in Port City.

Table P2.4 PORT CITY: EDUCATIONAL SYSTEM, 1980

Level Primary Middle High

Age range (years) 6-10 11-13 14+
% public schools 68 63 41
% private schools 9 12 17
% not in school 23 25 42
Number of public schools 123 63 49
Number of private schools 16 10 19
Students per teacher in public
schools 47 32 32

Students per teacher in private
schools 25 25 22

Source: Ministry of Education
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While student-teacher ratios are too high at the primary level, it
is likely that many of the school age population would not attend school
even if the ratios improved. Some families cannot afford associated
costs; in others, children work or are required to help at home. Very
few of the children in the squatter zones attend school; their parents
have recently migrated from rural areas and are unconvinced of the need
for education. Here, particularly, the children work at home.

The literacy rate in Port City is estimated at 63%. No breakdown is
available by zone within the city, but it can be assumed that literacy
is related to family income level, as elsewhere in Optima. Most
squatters are illiterate.

2 .H WUTER RESOURCES

Annex P2 describes the water resources of the Port City region in
detail. Existing and potential water sources are shown in Figure P2-9.
Precipitation averages 120 cm per annum, 80% of it falling in the two
rainy seasons of February-April and August-November. There are four
major rivers in the area: North, Wrong, Little, and Large
(Figure P1-1). The major groundwater source is the North River
limestone aquifer.

Water consumption in this region in 1980 amounted to
454 million m3: irrigation accounting for 72% (328 million m3 ); and
urban, domestic, and industrial consumers 28% (126 million m3 ). Roughly
60% of the total water used was supplied from surface sources: the
North River (dammed at the Farmville reservoir), the Wrong River (dammed
at the Heritage Reservoir), and the Little River. The remaining 40%
came from groundwater, principally from wells in the irrigated areas,
utilizing the limestone aquifer and four other alluvial wells within
Port City.

Water shortages have occurred increasingly since 1975, both for
Port City's urban use and for irrigation in the surrounding region.
Irrigation development in the Farmville area is limited by lack of
water, despite the availability of good land. The major water resource
problem is related to variations in supply over the year: demand peaks
when the supply is lowest. The development of either additional water
resources or increased storage is essential if future water requirements
are to be met.

Other water resource problems relate to the quality of existing
groundwater sources. Pumping has resulted in saline intrusion in the
Farmville plain. There are increasing nitrate levels in wells using the
aquifer under Port City, which is being contaminated by recharge from
wastewater from cesspits in the unsewered areas of the city.
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There are three potential sources of extra drinking water supplies:

an expansion of existing sources, new surface sources, and new ground-
water. Existing surface sources are fully utilized. The Reritage Dam's
reservoir capacity of 100 days' flow represents the maximum feasible
storage on the Wrong RLver. There is no suitable site for a reservoir
on the unregulated Little River. The output of the town wells within
Port City is limited by the alluvial aquifer's characteristics, the
difficulty of finding suitable sites for new wells in the densely
urbanized area, and increasing problems with bacteriological contamina-
tion. Saline intrusion in the limestone formation precludes any
expansion of the New Wells outside the city boundaries.

New surface sources of drinking water include the North River, the

Large River, and other more distant rivers in the Green Mountains. The
North River could be exploited for Port City's drinking water in two
ways. Some of the water now used for irrigation could be taken for Port
City, an option the Steering Committee specifically instructed us not to
consider further in its response to our Technical Memorandum No. 1 of
December, 1981. Theoretically, the Farmville reservoir's storage
capacity could be increased by raising the height of the dam, but this
would present an unacceptable technical risk of leakage from an expanded
reservoir into limestone fissures around its rim. The North River is
not therefore a possible additional source.

Except for the Large River, no other river within 100 km of Port
City would provide adequate future supplies, though there may be some
long term possibilities of diverting water from other river basins into
the Large River. For the immediate future, however, only the Large
River has any potential as a new source of surface water. A 1979
reconnaissance review estimated that an embankment dam could be
constructed upstream of Middleford. The resulting reservoir storage
would yield a reliable flow of 300,000 m3/day (110 million m3/year).
The project could be built in two stages: the first, consisting of a
diversion weir and a conveyance system; and the second, of the dam and a
vertical intake tower. Figure P2-10 shows the plan and profile of the
Large River scheme.

New groundwater sources include wells located within Port City,
outside but near the city and in the North River Valley. Both quantity
and quality problems rule out the first two, though a few small wells in
parks in the central area of Port City might be a possible source of

peak supply without seriously affecting the overall water balance of the
aquifer. The North River Valley has the best prospect, especially in

the alluvial plains which begin 15 km northwest of Farmville, henceforth
known as the North River Wellfield. A 1980 consultants' report indica-
ted that at least 200,000 m3/day (73 million m3/year) could be obtained
from this source. Figure P2-11 shows this scheme's plan and profile.

During a dry year this could reduce flows in the North River somewhat by
lowering the level of the aquifer which feeds it. Tentative estimates
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indicate that the available reservoir storage would be filled before the
main irrigation season in 19 out of 20 years. Thus, a wellfield
development would be possible without jeopardizing downstream riparian
interests on the North River. Any such wellfield would effectively
preclude local irrigation in the North River Valley. The Steering
Committee instructed the consultant to include improvements in water
supply and sanitation facilities for the 10,000 village residents of the
valley as compensation for the loss of irrigation potential.

The two major potential new sources of water supply for Port City
are therefore surface water from a dam across the Large River, or the
development of a groundwater wellfield in the North River Valley. They
are compared in Section D.1.1 of Chapter 3.

2.1 EXISTING WATER SUPPLY SYSTEMS AND POPULATION SERVED

2.I.1 Physical Systems

The physical systems providing Port City's water supply services
are described in Annex P3 and illustrated in Figure P2-12.

Port City's residents and industry obtain the bulk of their water
from PCWSC and a small proportion from private wells. There are four
principal sources for PCWSC: the Town Wells, the New Wells, the Little
River, and the Wrong River. The 12 Town Wells each provide 5,000 m3!
day, but four have been closed, two due to collapse and two to nitrate
contamination. Two of the 14 New Wells, each yielding 10,000 m3/day,
have also had to be closed, in this case due to saline intrusion.
Operating difficulties at both sets of wells should be alleviated
through the provision of standby generators and spare pumps as recom-
mended for the Immediate Improvement Project. Water from both sets of
wells is chlorinated before distribution.

The Little River has an erratic runoff. Its reliable capacity is
35,000 m3/day, conventionally treated at the Railway (capacity
30,000 m3/day) and the Southern (capacity 25,000 m3/day) Treatment
Plants. The Wrong River has a reliable yield of 140,000 m3/day, treated
at the conventional Mountain treatment Plant (capacity 200,000 m3/day).

The water distribution system covers 6,330 ha or 77% of Port City.
It comprises five pressure zones delineated by elevation. The distribu-
tion network serves 76,452 connections and contains 1208 km of pipes.
About two-thirds of the connections and the pipes are in the lower two
pressure zones.
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2.1.2 Water Charges

A house connection in Port City costs Z100 for the initial connec-

tion. Industrial connection fees vary but average Z800. PCWSC policy
is that all consumers should be metered and should pay for water on the

basis of actual consumption. Both residential and industrial consumers
are charged the same tariff of ZO.25 per m3. However, a shortage of
meters in recent years has meant that approximately 21% of consumers
have unmetered service, either because their meter is broken, or because
no meters were available when the connection was made. These unmetered
connections are charged a flat rate per month, based on estimated
average consumption.

The Port City Local Government is nominally responsible for public
standpipes, which are supposed to be metered. However, PCWSC stopped
installing standpipe meters in 1977 since the Port City Local Government
has not paid for water provided through standpipes since 1974. Water
from standpipes is free to consumers. Private vendors who carry water
in carts from the stanclpipes and some private wells charge up to ZO.50

for 10 1 of water, or up to 200 times the price per m3 charged by PCWSC.

2.1.3 Population Served and Water Used

Table P2.5 presents data on water connections, production, and
sales by PCWSC for 1970 and for each year between 1975-80. It was
com[piled from easily available PCWSC records.

Table P2.5 does not, however, contain enough information on water
use patterns in the different residential zones to provide a

satisfactory basis for projecting future water needs. For this purpose,
a special review is being carried out of all consumption data for the

years 1970, 1975, and 1980, requiring the analysis of large numbers of
consumption records for each connection. The years 1970 and 1975 have
been selected to give a reasonable understanding of past patterns. The
results of this review will be included in the Feasibility Report.

Water sales and production have been growing steadily since 1970,

with a sharp reduction in 1978 due to a severe drought.

Estimated numbers of people served by each type of water connection
are presented in Table P2.6. Surveys to determine these figures mDre
precisely and to identify the consumption of existing connections are
now in progress. Their results will also be included in the Feasibility
Report.

Approximately 70% of the city's population obtain their water from
PCWSC house connections, based on a review of the areas served by the

network and the numbers served by typical connections in different zones
in the city. This very high proportion in a city with significant



Table P2.5 PORT CITY: WATER OONNECrIONS, PRODUCTION, AND SALES, 1970-80

1970 1975 1976 1977 1978 1979 1980

Residential Population1/ (thousands) 1,012 1,192 1,232 1,273 1,316 1,360 1,405

Number of Connections

Domestic 57,809 65,680 67,420 69,195 71,048 72,423 74,716
Standpipes 341 392 410 432 451 466 480
Industrial and Institutional 438 697 775 859 949 1,047 1,256
Total 58,588 66,769 68,605 70,486 72,448 73,936 76,452

Water Sales (000 m3/average day)

Domestic Connections 76.0 103.2 107.7 117.2 105.2 114.6 114.4
Standpipes 3.3 3.4 3.6 3.5 3.9 4.1 5.0
Industrial and Institutional 16.2 25.8 29.4 33.1 32.6 40.7 44.7
Total 95.5 132.4 140.7 153.8 141.7 159.4 164.1

Domestic Water Sales per
Connection (n'/day) 1.31 1.57 1.60 1.69 1.48 1.58 1.53

Water Production (000 m3/average day)

Surface Sources:
Railway Treatment Plant
(Little River) 22.1 24.8 25.2 24.0 20.7 21.5 24.8
Southern Treatment Plant
(Little River) 10.8 11.8 11.5 13.0 11.8 13.5 14.8 I
Mountain Treatment Plant
(Wrong River) 108.7 146.2 150.1 147.2 128.1 146.8 155.8
Sub-total 141.6 182.8 186.8 184.2 160.6 181.8 195.4

Groundwater:
Town Wells 34.6 37.8 39.6 38.3 35.2 42.3 34.2 0 O
New Wells 0.8 18.2 24.7 55.8 70.9 85.1 83.1 0 1
Sub-total - 35.4 56.0 64.3 94.1 106.1 127.4 117.3

c)
Total Water Production 177.0 238.8 251.1 278.3 266.7 309.2 312.7 c F

Water Unaccounted For

Amount (000 m3 /average day) 81.5 106.4 110.4 124.5 125.0 149.8 148.6 w O

% of Total Water Production 46.0 44.6 44.0 44.7 46.9 48.4 47.5 t 0

Notes: 1/ Census data for 1970 and 1980, interpolated for other years. O
S

Source: PCWSC Records xt
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Table P2.6 ESTIMATED WATER SUPPLY SERVICE COVERAGE, 1980

Type of Number Water Population Water Water
Connection of Con- Consumption Served Consumption Consumption

nections (000 m3/day) per Capita per
(000) % (litres/ Connection

day) (m3/day)

Residential

PCWSC
House
Connections 74,716 114.4 985 70.1 116 1.5

PCWSC
Standpipes 480 5.0 330 23.5 15 10.4

Private approx
Wells 5000 9.3 90 6.4 103 na

Total 128.7 1,405 100.0 92

[ndustrial
and Insti-
tional

PCWSC
Connections 1,256 44.7 na na na 35.6

Private approx
Wells 300 6.3 na na na 21.0

Source: PCWSC records and consultant's estimates.

numbers of low income residents indicates that a full house connection
is the service standard to which most people aspire and can afford.
Average consumption per capita served by house connections is 116 lcd.
Average consumption per connection is 1.53 m3/day.

About 24X of the population obtain their water from standpipes.
This includes those who collect the water themselves, and those who
purchase water from vendors who have obtained it from standpipes.
Detailed estimates do not yet exist, but the bulk of those obtaining
water from standpipes are in the Lower Residential, Railville and Blight
Heights zones. About 50% of those in the Lower Residential zone appear
to be within 200 metres of a standpipe, compared to only about 25% in
Railville and Blight Heights. Approximately 110 new standpipes will be
installed as part of the Immediate Improvement Project (IIP).
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The 6% of the people who obtain water from private wells include

both those who have a private connection, and those who purchase water

from vendors who take it from private wells.

2.1.4 Critique of Existing Systems

There are four main problem areas within the Port City water supply

system: shortages of water at the sources, the quality of the water, the

limited distribution system, and the high level of losses. A fifth,

frequent breakdowns in service, is to be addressed through the Immediate
Improvement Project before the major project begins.

Source Shortages. There have been increasing shortages of water

from all sources in Port City since 1975. The system's reliable

capacity totals 335,000 m3 for the average day (Annex P2), which

compares to PCWSC's total water production in 1980 of 312,700 m
3 per

average day. Shortages were experienced throughout five months in 1980

(May-September). During this period, the peak daily output from PCWSC
sources was 358,000 m3/day. The identified constraints are limitations

in the yield of the various sources, equipment deficiencies

(particularly at the New Wells), and weaknesses in the transmission and
distribution network. Steps will soon be taken under the Immediate

Improvement Project to remedy the latter two constraints.

The shortages are principally due to the extremely erratic supply

from surface sources which provided 61% of Port City's water in 1980.

In 1978 there was a severe drought, and the supply of water was

interrupted for several hours each day as PCWSC imposed rationing.

Groundwater supplies are threatened by aquifer characteristics, poor

maintenance, and increasing contamination. Shortages of water have the

greatest impact on the newer high level zones of Port City where the

highest pressure is needed to maintain service. Despite PCWSC's

attempts to maintain pressure through valve operations, it has had to
severely limit supplies every dry season for the last five years. Best

available information suggests that peak day consumption was restricted

by up to 30%, and that PCWSC water sales would have been from 10% to 15%
higher than recorded in 1980 if there were not significant shortages.

Water Quality. Compounding the overall shortage is the

deteriorating quality of Port City's groundwater, which is under close

monitoring. As noted, two of 12 Town Wells were closed in 1978 because

of nitrate levels in excess of 45 mg/l as N03, the level above which
there is an association with the "blue baby" phenomenon, or infantile

methemoglobinemia. (Ideally, nitrate levels should not exceed 10 mg/l,

but this is not practicable.) As also noted, two of the 12 New Wells
were also shut down in 1980 because of excessive saline intrusion. More

wells at both fields may also have to be closed in the next few years if

present trends continue.
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All of the PCWSC sources are nominally disinfected by chlorination,
with chlorine residuals theoretically maintained at 0.1 mg/l at all
points in the distribution network. In practice, there have been
intermittent problems with the chlorination process at the various
plants, due often to shortages of chlorine as well as to breakdowns in
the chlorination equipment. In 1980 it was estimated that approximately
35% of the water produced by PCWSC was not chlorinated, with the result
that chlorine residuals could not be maintained throughout the system.
As there were water shortages in many months, resulting in very low and
occasionally negative pressures in the pipes, it is most likely that the
PCWSC distribution network was providing unsafe water during much of the
time. Chlorination problems should be remedied under the Immediate
Improvement Project.

Limited Distribution System. Many people in Port City want house
connections, but cannot get them because distribution pipes do not serve
their zones. Some 21% of the residential areas are not covered by the
PCWSC network, and PCWSC reports a backlog of some 4,000 requests for
new connections, which the Immediate Improvement Project should meet. A
high proportion (about 24%) of the population carry water, or purchase
it from vendors using PCWSC standpipes, many of which are quite far from
the consumers. Long queues frequently form at standpipes, particularly
in the peak hours, near daybreak and near sunset.

Not only is water from vendors expensive (unit prices equivalent to
up to Z50/m3), it is also of poorer quality than that from house
connections and, like water from standpipes, is contaminated by the
container in which it is carried to the house. Further contamination
occurs because water is typically stored in the home in jars which are
rarely cleaned. As it is inconvenient to acquire water in these ways
(and also expensive if from vendors), it tends to be used more than
once, increasing health risks. For example, hand-washing water is often
reused for dishwashing and vice versa. The household survey now being
conducted should identify more clearly how many people use standpipes,
and how far they have to carry water.

High Level of Losses. Water unaccounted-for peaked at 48.4% of
production in 1979, dropping slightly to 47.5% in 1980 (Table P2.5).
Water losses were thus equivalent to 91% of the water sold in 1980.
Losses are of two main types: (1) physical losses and (2) water used
but not purchased by consumers i.e., administrative losses. The second
type of loss results from both theft through illegal connections, the
precise extent of which is unknown, but is recognized as a major problem
by PCWSC, and from the previously noted shortage of meters which has
meant that many of those charged a flat tariff for unmetered service
have been paying for less water than their actual consumption. Despite
these factors, physical losses due to leaks are probably the major cause
of PCWSC's high proportion of unaccounted-for water. Some of the old
cast iron pipes have never been replaced since their installation as
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long ago as 1905, and their joints are frequently leaky. Corrosion in
the more modern steel pipes also leads to leaks and water losses. These
leaks are worsened by high pressures, and the resulting water hammer in
some parts of the distribution system. There are also large but so far
unquantified losses at many service connections. Leaks are hard to
locate because Port City's permeable soils absorb the leaking water and
therefore leave no evidence on the surface.

Steps to improve metering and to detect and repair leaks comprise
part of the Immediate Improvement Project. The distribution system is
being analyzed in detail, and a computer model is being prepared to plan

future extensions. These analyses, to be completed for the Feasibility
Report, should permit a better understanding of loss patterns and of
remedies which can be undertaken.

The source shortages and the limited distribution system,
particularly the proportion of people relying on standpipes, comprise
the two major water supply problems in Port City.

2.J RXTSTING SANITATION SYSTEMS AND POPULATION SERVED

2.J.1 Systems and Population Served

Table P2.7 presents approximate estimates of the numbers of
sanitation facilities in use in Port City, together with the population
served by each system. Full details on the various systems are provided
in Annex P4.

Virtually all residences with a water connection have a sanitation
system (a cesspit, septic tank, or sewer connection) which disposes of

sullage (all domestic wastewater other than toilet wastes). Those
residences without water connections in the Lower Residential,
Railville, and Blight Heights zones are those which use open defecation,
unimproved pit latrines, or public toilets. About one quarter of those
with pit latrines have a small sullage pit. The majority, carrying
their water from standpipes, release their sullage on the ground surface
in their yard.

PCWSC is responsible for the systems of conventional sewers serving
the central portion of Port City and Seaview (Figure P2-13), but not for

any on-site systems. Existing wastewater and sludge flows are shown
schematically on Figure P2-14.

Most industrial wastewater is disposed of through sewerage. There
are also five privately owned wastewater treatment plants located as
shown in Figure P2-13.
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Table P2.7 ESTIMATED RESIDENTIAL SANITATION SERVICE COVERAGE, 1980

Sanitation Population Number of % in Residential
System Served Facilities Satisfactory Zones

(000) % Condition

Open 140 10.0 - 0 Lower Residential,
Defecation Blight Heights,

Railville

Unimproved Pit 200 14.2 20,000 0 Lower Residential,
Pit Latrines Blight Heights,

Railville

Cesspits 620 44.1 30,000 35 Middle Residential,
Lower Residential

Septic Tanks 150 10.7 20,000 75 Upper Residential,
Middle Residential,
Lower Residential.

Conventional 280 19.9 24,300 97 Middle Residential,
Sewer Business, Old Town
Colnections Seaview

PublLc Toilets 15 1.1 15 0 Lower Residential

Total 1,405 100.0

Source: PCWSC records (sewer connections) and consultant's estimates.

I)etailed information on the operating condition of the various
systems is only available at this stage for the sewerage system run by
PCWSC, including the public toilets. Full information is now being
collected on the other systems as part of the 0.3% household survey; it
will be included in the Feasibility Report. This Pre-feasibility Report
is, however, based on extensive spot surveys of conditions in all of
Port City's residential zones.

Each sanitation system in use in Port City is now discussed in
turn.

Approximately 140,000 of the lowest income population defecate in
the open, presenting a major health hazard. An estimated 200,000 other
poor people use unimproved pit latrines (Figure P2-15), which have
deteriorated and are also a health hazard. Thus, 340,000 people, or
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about one quarter of the city's population, do not have access to

improved sanitation. They are all located in the two squatter
communities of Railville and Blight Heights and in the low income Lower

Residential zone. None have full water connections.

Roughly 25% of those using pit latrines for excreta disposal also
use sullage pits (Figure P2-16) to dispose of other domestic wastewater.

The most common on-site system is the cesspit (Figure P2-17), used

by an estimated 620,000 people (43% of the population) in the Middle and
Lower Residential zones, even though the cesspit is not officially
sanctioned for use in Port City. Particularly in the Lower Residential
zone, cesepits now serve more homes than they were designed to

accommodate and are consequently less effective and deteriorating with
age. Collapsed covers, clogging leading to overflows (owners cannot

afford to pump sludge out frequently enough), and groundwater
penetration have resulted in unsanitary conditions in the majority of

backyards in the Lower Residential zone and in pollution of the
groundwater aquifer under Port City. Only about 35% of the city's

cesspits operate satisfactorily.

Septic tanks (Figure P2-18) serve about 150,000 people in the
Upper, MiEddli and Lower Residential zones. They function well in the

Upper Residential zone where there is adequate space for the seepage
trenches necessary for effluent percolation into the ground, but have

similar problems to cesspits in the Lower Residential zone where
backyards are very limited in area due to high population densities. An
estimated 75% of septic tanks operate satisfactorily.

Conventional sanitary sewers cover about 35% of the city and serve

about 20% of the city's total population, in the Middle Residential,

Business, Old Town, and Seaview zones. The main features of the two
sewer systems are shown in Figure P2-13.

The central sanitary sewer system covers the entire Old Town,

Business, and Middle Residential zones. However, about half of the

buildings in the Middle Residential zone are not connected, despite

sewers being available. The separate Seaview system serves all of the
properties in this residential suburb.

All sewers except the low level trunk sewer (Figure P2-13) flow by

gravity because of the local topography (Figure P2-2). Stormwater
drains and gullies are shown on Figure P2-19.

The principal components of the existing central sewer systems are

the street laterals and house connections, four trunk sewers and their
associated mains, the Sweet Street Pumping Station, the Meanthyme
Treatment Plant providing primary treatment (Figure P2-20), and the
discharge outfall to the harbour. Seaview has its own primary treatment
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plant (Figure P2-21) and ocean outfall. There are also five private

wastewater treatment plants whose effluents are discharged either to
stormwater gullies or to the harbour. The detailed working of the

sewerage system is described in Annex P4. A master plan to expand the
system to serve all of Port City was prepared in 1974, but it has not

been implemented.

PCWSC sewerage charges are levied as a surcharge on the water
tariff: 30% for domestic service and 70% for industries and
institutions. A one-time fee of Z300 is levied for a new domestic
connection, and Z1600 for a new commercial one.

Fifteen public toilets (Figure P2-22) serve about 15,000 people in

the Lower Residential zone. They are inadequate to meet the needs of
the rising number of people in the zone who have no household toilets.

They are also poorly maintained, giving rise to health hazards and
aesthetic nuisance.

2.J.2 Critique of Existing Systems

There are four major problem areas with the existing sanitation
systems: (1) the use of open defecation and unimproved pit latrines;
(2) the deterioration of existing cesspits and septic tanks; (3) the
operation of the Meanthyme sewage treatment plant; and (4) the
inadequate handling of sludge.

Open Defecation and Unimproved Pit Latrines. These systems are
unacceptable on public health grounds, posing obvious health hazards.
The high incidence of gastro-enteritis has been noted. Yet, 25% of Port

City's people use unhygienic methods of excreta disposal.

Existing Cesspits and Septic Tanks. About 65% of the existing
30,000 cesspits and 25% of the existing 20,000 septic tanks do not
operate satisfactorily because of poor maintenance, resulting in
wastewater overflows. This leads to polluted water ponding in low level

areas, aggravated by the blockage of drainage gullies by solid wastes
(Section 2.K). They are also polluting the groundwater.

Meanthyme Sewage Treatment Plant. This plant (Figure P2-20) is too
small for current wastewater flows, even if it were to operate at its
design capacity of 75,000 m3 /day. Currently, it only treats 34,000 m3/
day, 20,000 m3/day less than the average daily flow and 160,000 m3/day
less than the peak daily flow. (Repairs proposed for the Immediate

Improvement Project should raise its capacity back to 75,000 m3/day for
a few years.) In addition, its effluent is of poor quality as the plant
treats only about 25% of the 18,000 kg of BOD that reaches it (IIP works
would raise this to 50%). The effluent containing 13,500 kg of BOD per

day is discharged into the harbour which is becoming increasingly
polluted. Full details are given in Annex P4.



- 146 - Port City Project

Pre-Feasibility Report

Sludge Handling. The Meanthyme plant is inadequate to handle the

sludge trucked to it from the public toilets and the Seaview system.

Its own sludge is dumped on to the tidal flats of Hog's Bay. This,

together with indiscriminate private dumping of sludge from cesspits and

septic tanks in stormwater gullies and on the tidal flats, has

deteriorated the local environment and further polluted the harbour.

Sludge lagoons are included in the TIP as a short term solution.

Harbour pollution originates from a variety of sources: effluent

from the Meanthyme plant; sludge dumped at various places along the

coast; and surface waters flowing into the harbour which carry effluent

from many overflowing on-site systems of sanitation, not to mention

solid wastes. Ministry of Environment regulations stipulate that any

treatment plant effluents entering the harbour must not exceed

30 milligrams/litre of biochemical oxygen demand or suspended solids.

However, these regulations are not and cannot be enforced: the

Meanthyme plant was not designed to provide the necessary treatment,

even if it were working as designed. The results of an analysis of the

harbour pollution problem, undertaken in 1979 by the Ministry of the

Environment, are reported in Section D of Annex P4. Degradation of the
receiving waters has caused closure of all harbour beaches and

significant reduction in the quantity and quality of fish catches.

Minor problems with sewage systems will be resolved through the

Immediate Improvement Project which includes measures to: increase the

utilization of the Northern trunk sewer (only about half the connections

anticipated at its construction in 1976 have been made), repair the

three older trunk sewers where infiltration is now heavy, improve the

operation of the Sweet Street Pumping Station, repair the Meanthyme

plant so it can keep operating until a new one can be provided, provide

1 ha of new sludge lagoons, upgrade the public toilets and improve the

sludge trucking and workshop operations of PCWSC.

2.K DRAINAGE AND SOLID WASTES

All drainage in Port City slopes towards the sea because of the

steep local topography (Figure P2-2). Runoff from storms in the area

has caused major problems of local flooding in the past, resulting in

the construction and improvement of drainage gullies throughout the

city. Figure P2-19 shows these gullies and their drainage zones. Many

are paved rectangular sections, but design criteria have varied and

flooding at the lower ends of the gullies remains a problem during major

storms, resulting in major traffic disruption, limited property damage,

and major degradation of the receiving water in the harbour for a few

days each year.

Surface runoff from all parts of Port City is directed to the

drainage gullies. Relatively steep slopes mean that most drainage water
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flows away from its point of origin quickly. Exceptions to this

generalization occur in the lower levels of the city, where slopes are
much flatter, particularly where street patterns run parallel to the
coast.

None of the surface drains are intended to convey domestic or
industrial wastewater. Separate sanitary sewers do this. However, the
runoff from the drainage gullies at the coast is often seriously
polluted, indicating that many properties must be disposing of their
wastewater (sullage and septage) into storm drains rather than into
sanitary sewers or on-site sanitation systems. This pollution, which is

most obvious in the dry season, is practically unavoidable as only 20%
of the properties are sewered and most of the alternative sanitation
systems are not working satisfactorily (Table P2.7).

Many individual properties, particularly the flatter sites near the
coast which are occupied by industries and by high density residential
areas, have pools of stagnant wastewater caused by poor disposal
arrangrements for greywater (sullage) and black water (domestic and
industrial wastewater, inc:luding septage). These local situations are
noxious and unhealthy as the stagnant water contains high levels of
fecal coliforms (an incidator of pathogens) and provides breeding places
for disease-carrying vectors.

T'his study is not directly concerned with solid wastes (garbage) as
it focuses primarily on water supply and sanitation systems. However, a
brief review of the existing systems of solid waste disposal was carried
out to determine any possible impacts on these systems. Most
information was obtained from a 1979 report on solid waste management
prepared by consultants for the Port City Local Government.

T'he removal and disposal of domestic wastes is the responsibility
of the city, but industries have to manage their own wastes. The city
operat-es a fleet of some 55 trucks to collect solid wastes, which are
dumped at a poorly managed landfill just north of the city boundary and
west of the highway to Farmville. This landfill seriously pollutes
local groundwater and Swamp Creek.

T'he collection system for solid wastes does not work well. A high
proportion of the trucks is usually out of service, with the result that
collection schedules, nominally twice weekly, are seldom maintained.
Hence, there are significant accumulations of garbage throughout the
city and especially in the gullies, aggravating periodic problems of
flooding in low level areas. Preference in solid waste removal is
usually given to the commercial and high income areas, with the result
that refuse removal is poor in the low income areas. This further
aggravates public health conditions in these high density areas.
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The 1979 report recommended an expanded fleet of trucks and the

construction of an incinerator to replace the present landfill. No

action has been taken to date.

Water supply and sanitation measures will not result in public

health improvements, unless they are accompanied by appropriate steps to

improve both drainage and garbage. These are outside the scope of the

present consultant's study, but it is recommended that these municipal

services be studied and upgraded in parallel with the proposed water

supply and sanitation project.

2.L NEED FOR A PROJECT

It is the policy of the government of Optima that all people shall

have access to basic water supply and sanitation services at prices

which they can afford. These services are already inadequate for

today's residents of Port City. Yet, the city's population is projected

to double from 1.4 million in 1980 to 2.8 million by the year 2000.

This is equivalent to an extra 70,000 people in every year, more than

the current population of the town of Farmville, to be provided with

water supply and sanitation services. A project is urgently needed

therefore as the first stage of a long term development program to

enable Port City to "catch up" and then keep up with water supply and

sanitation services for domestic and industrial consumers. Measures to

improve the working of the existing systems are about to be implemented

as part of the 1982/83 Immediate Improvement Project.

The principal water supply needs of Port City are a new source of

water to meet its expanding demand and the extension of the distribution

system so that more people, especially in the lower income areas, are

supplied with water, either from house connections or from standpipes

within a reasonable distance of their homes.

The principal sanitation needs are the replacement of unimproved

systems (open defecation and unimproved pit latrines) which pose severe

health hazards, replacement or improved operation of cesspits and septic

tanks which are overflowing and polluting the groundwater, proper

treatment and disposal of sewerage wastewater, and improved handling of

sludge.
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Chapter Three
STRATEGIC PLAN

3.A OBJECTIVES AND METHODOLOGY

The overall objectives of the strategic plan for Port City over the

planning horizon to the year 2000 are to examine and project water

supply and sanitation needs in order to determine the best short term

project for implementation in the next several years. It is assumed

that a project could be implemented over 1984-86, following approval of

the Feasibility Report to be issued in February 1983 and the securing of

financing within that year (see Section A of Chapter 4). This chapter

examines projected needs over the long term by focusing specifically on

two critical years: 1987 (immediately after the proposed project is

completed) and 2000 (the end of the planning horizon). As the project

is derived from the strategic plan, its components are consistent with

the optimal long term development of Port City's water supply and

sanitation systems.

The principal objectives of the strategic plan are to provide

continuous access to safe drinking water and adequate sanitation for all

Port City's residents as soon as possible, and to meet the water and

wastewater disposal needs of industry. By the year 2000, twice as many

people will live in Porl City as in 1980, requiring more than a doubling

of water and sanitation services as these are first expanded to those

still without them and then keep pace with the growing population.

Associated water supply objectives include the proper control of

regional water resources to improve their management and utilization;

the provision of a reliable system that supplies water continuously at

adequate pressure; and the introduction of a rational pricing system

which reflects long run marginal costs, but also ensures both that water

necessary for basic needs is affordable by even the lowest income groups

in Port City and that PCWSC generates revenues sufficient to run its

existing systems and to expand and improve them in the future.

Associated sanitation objectives include the minimization of

pollution of water resources (both ground and surface); the continuous

operation of all components of the sanitation systems to provide

reliable service; the utilization of effective technologies that are

affordable by low income residents; and the provision of information to

Port City residents, leading to improved hygiene practices and

recognition of the links between sanitation and health.

A related objective is to improve public health through a reduction

in the incidence of typhoid, filariasis, and gastro-enteritis. Both

water supply and sanitation improvements are expected to promote

conditions leading to improved public health, although the precise links

cannot be predicted.
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The methodology used to develop this strategic plan has been to
determine the least cost approach to meeting the above objectives. This
has involved the consideration of alternative coverages, alternative
technologies, alternative water supply sources, and alternative
wastewater treatment and disposal methods. The approach assumed that
the necessary capital would be available, so long as least cost
solutions were adopted. Each section of this chapter now presents the
alternatives considered for each element of Port City's water supply and
sanitation systems and justifies the least cost solution adopted.

3.B DOMESTIC SERVICE STANDARDS AND ALTERNATIVE TECHNOLOGIES

The key element in projecting Port City's water supply and
sanitation needs is domestic service. Industrial sales accounted for
only 27% of total water consumption of 164,100 m3/day in 1980 and are
not expected to exceed this proportion in the future (Table P3.5).

3.B.1 Selection Criteria

Five criteria were used to select domestic water supply and
sanitation service standards:

a) water and sanitation standards must be considered together
to ensure that there is a means for disposing of both fecal
matter and wastewater resulting from the water supply;

b) technologies selected must be technically acceptable in
Port City conditions (for example, on-site sanitation
systems must be appropriate for existing soil
permeabilities);

c) service standards and technologies must be acceptable to
their intended users (in other words, socially feasible);

d) technologies selected must represent economic least cost
solutions for the service standards selected;

e) service standards and technologies must be affordable by
their users.

3.B.2 Water Supply

Water supply service standards may be either house connections,
yard taps, or standpipes. The present connection pattern in Port City
indicates that almost all residences within the water distribution
network area have house connections; almost none use yard taps. The
principal exception is the low income zone where the poorest people rely
on standpipes, although connections could be provided. There is also a
backlog of some 4000 requests for new connections which the Immediate
Improvement Project should meet.
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Some 70% of the population are already served in this manner

(Talble P2.6) and thousands more have requested connections and await the

necessary network extensions. Alternative water supply service

standards and coverages considered were either to continue to serve 70%

of the population with house connections or to increase the proportion.

While it would cost less to maintain a constant proportion, this would

meelt neither the objective of providing continuous access to safe

drinking water for all residents as soon as possible nor the criteria

thalt service standards must be acceptable to their intended users:

experience in Port City has shown that most people expect domestic

connections and are prepared to pay the full economic cost of having

themn.

A consequence of such a private connection is, however, the

requirement that there be an appropriate sanitation system to dispose of

household wastes, both excreta and sullage or grey water. Virtually all

houses which have water connections at present have some such system,

yet the majority are not working satisfactorily (Table P2.7). This

causes local environmental and health problems on individual properties

and along the drains which carry such wastewater. Major improvements in

sanitation are needed to, remedy the present problems.

The installation of a new water connection plus a technically

satisfactory sanitation system may prove too expensive for many low

income residents of Port City who presently rely on standpipes. Those

low income people who cannot afford a sanitation system to accompany a

water connection will therefore have to continue to rely on standpipes

for water. Standpipe service levels should be upgraded, so that no

household is further than 200 m from a standpipe (less than half of all

standpipe consumers are within this distance at present).

In the past, the users have not been consulted when locating

standpipes. Maintenance of standpipes has been a problem. In some

cases, vandalism has occurred. The general frequency of repair rates

and thus costs, have been high. Tap and pipe leakages create pools of

standing water and unsanitary disease-spreading conditions around many

of the facilities.

A prime objective with the provision of additional standpipes is to

have the user assume, as much as practicable, responsibility for the

care and maintenance of standpipes. Prime responsibility, especially

for major repairs, will rest with PCWSC.

Well-defined neighbourhoods exist in the squatter communities, and

to a lesser degree in the low income residential areas. Standpipes

should be sited within neighbourhoods, and the neighbourhood users

should be given the responsibility of looking after "their" standpipes.
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The neighbourhood users should be involved from the beginning of

the project in selecting locations for the new standpipes. Children
should not be expected to cross the road or enter different cultural

neighbourhoods in order to carry water from the standpipes.

3.B.3 Sanitation

The alternative sanitation systems which might be used in Port City

are assessed technically and compared in economic least cost terms in

Annex P5. The evidence of existing systems is that people in Port City
want a sanitation system to dispose of excreta and sullage. As water

and sanitation are considered together, sanitation systems are here

discussed first for householders with, and then for those without, a

water connection.

Households with a water connection could use a conventional sewer
connection, a small bore sewer connection, a cesspit, a septic tank, or

a pour-flush toilet combined with a sullage soakaway. These five
alternative sanitation systems are all technically acceptable.

Conventional sewers, cesspits, and septic tanks are described in
Annex P4. Neither the small bore sewer nor the pour-flush toilet and

sullage soakaway combination is currently in use in Port City. Both are
described in detail in Annex P5.

The small bore sewer, shown schematically in Figure P3-1, collects

wastewater from individual properties and conveys it to a central
location for treatment and disposal. In this it is like a conventional

sewer and the downstream end of both systems is the same (trunk sewers,
interceptors, pumping stations, and treatment plant). However, the two

differ at the top end of the system. The small bore sewer system uses
smaller diameter pipes because it carries only liquids. Solids are

settled out in an interceptor tank (which could be a converted cesspit,
septic tank, or sullage soakaway pit - see Figure P3-2) adjacent to the
house.

The pour-flush toilet and sullage soakaway combination consists of

a pour-flush toilet to dispose of excreta and a soakaway for all

sullage. In the pour-flush toilet (Figure P3-3), the user flushes the

toilet with a small quantity of water from a hand held pan or bucket,
and so very little water enters the excreta pit. All other wastewater

flows into the sullage soakaway (Figure P3-4). This option is not

suitable for cistern flushing and so is unlikely to appeal to higher
income households.

Least cost comparisons (Annex P5) indicate that a conventional

sewer connection is the preferred alternative in areas which are already
sewered, confirming the recommendation in the IIP that a campaign be

mounted in the sewered Middle Residential zone to encourage further
connections.
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For residential areas without conventional sewers, the least cost

solution depends on water consumption (i.e. the amount of sullage water
to be disposed of) and soil permeability (i.e. the size and thus the

cost of the soakage pit required). The preliminary cost estimates

(Ainex 5) summarized below indicate that the pour-flush toilet and

sullage soakaway will be the least cost solution, as long as a sullage
soakaway is feasible, and that small bore sewers are the most cost

effective solution in non-sewered areas where cistern flush standard
service is desired. Where conventional sewerage exists, connection to

that system is the least cost solution for cistern flush service.

Total annual costs per household, including the cost of water to

flush the toilet are as follows:

1. At low water consumption levels

a) pour-flush with sullage soakaway Z 52
b) pour-flush with small bore sewers Z 85

2. At high water consumption levels
a) pour-flush with sullage soakaway Z 122
b) cistern flush with small bore sewer Z 127
c) connection to existing conventional sewers Z 126
d) new conventional sewers Z 190

e) cistern flush and septic tank Z 240
f) cistern flush and cesspit Z 529

These preliminary estimates demonstrate two important facts:

(i) waste disposal costs depend primarily on the cost of sullage

disposal which in turn is a result of water use, i.e. the greater the

water consumption the higher the cost; and (ii) in the long term, small
bore sewers are the appropriate solution for the majority of residential

areas because water consumption will increase as income levels rise. At
the same time, people will probably want to change from pour-flush to
cistern flush toilets. For the short term pour-flush toilets with

sullage soakaways are the appropriate choice because they provide the

lowest cost service at low water consumption and can easily be upgraded
to small bore sewers when increasing water consumption requires it.

These conclusions were reported to the Steering Committee in

Technical Memorandum No. 2 of January 1982. They were approved in

principle, but the committee instructed us not to plan construction of a

complete small bore sewer system throughout all of Port City in the
1984-86 project period. Three reasons were cited: the technology has

yet. to be proven in Port City conditions, the practical difficulty of
installing a system throughout most of a city in only three years, and

the large capital costs that would be incurred. The Committee's
instructions were to continue to plan for full small bore sewer coverage

by the year 2000. During the project period, a small bore sewer system
limited to about 600 ha to serve about 240,000 people should be
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installed. The 1987 sanitation needs of other residences with water

connections should be met by on-site systems. By the year 2000,
therefore, it is assumed that all residences with a water connection
will have a conventional or a small bore sewer connection. (New
conventional sewers might be needed in some cases, but they would be
limited in extent and cannot be foreseen at this time.) This assumption
will have to be reviewed after the project period to confirm its

appropriateness, especially for the low density Upper Residential Zone
where septic tanks may remain appropriate, given the probable high costs
of installing a sewer network in an unsewered area, where existing
sanitation facilities work satisfactorily. As noted, recent analyses
indicate that the small bore sewer is the more economic solution but
this must be re-evaluated in the future.

The choice of sanitation technology for the households which in

1987 will have a water connection but no conventional or small bore
sewer connection depends on whether they have a water connection at the
present time. Households which already have a water connection have a
septic tank or a cesspit. An estimated 75% of the roughly 20,000
existing septic tanks and possibly 35% of the 30,000 cesspits function
reasonably well, indicating that the remainder can be fixed up to
provide adequate service. This could be done by a combination of sludge
removal and structural repairs, including cleaning cesspit walls and the
tile drains of septic tanks to improve the infiltration of wastewater
into the subsoil. Alternative means to accomplish this upgrading are

being investigated at present. It is tentatively assumed that 2,500
septic tanks and 10,000 cesspits will be upgraded by 1987 and later
converted into interceptor tanks for small bore sewerage.

The least cost on-site solution for households getting new water
connections is the pour-flush toilet with sullage soakaway. The
soakaway pit can later be converted into an interceptor tank; so its
installation during the project period fits the long term target of
complete small bore sewer coverage. The pour-flush toilet with sullage
soakaway cannot, however, be used where there is full internal sanitary
plumbing with a flush toilet, which will be preferred by most middle and
upper income households. Where local ground conditions permit, septic

tanks will be used in these cases. Where they do not, it has to be
recognized that cesspits will continue to be built, at least during
1984-86, despite its being an inferior system, both technically and
economically.

During the project period, therefore, it is estimated that new
sanitation units in the Lower Residential zone will include some 1700
cesspits, 1600 pour-flush toilets and sullage soakaways, and 1500 septic
tanks. The Extra Zones will have some 9000 septic tanks and 2000
pour-flush toilets and sullage soakaways. Additionally, some 1000 new
septic tanks will be constructed in the Upper Residential zone.
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Similar sanitation systems will be required for some new water
connections after 1987, before the city is fully covered with the
conventional and small bore sewer networks by the year 2000.

Households without a water connection should use on-site systems
for sanitation. Annex P5 demonstrates that the Ventilated Improved Pit
latrine (VIP) and the pour-flush toilet are the only two technically
acceptable alternatives. Neither is currently in use in Port City. The
VIP, latrine (Figure P3-5) is a safe and efficient on-site method of
excreta removal, with an odour and insect-free privy. The pour-flush
toilet (Figure P3-3) is described above in connection with the sullage
soakaway (Figure P3-4). Water for the pour-flush toilets could be
obtained from rainwater, household sullage or the nearby standpipes.

Ethnic and cultural values will be important in deciding whether to
useb VIP latrines or pour-flush toilets. The squatter communities
contain higher percentages of Moslems and Hindus than the national
average. Detailed statistics will not be available until the household
survey is completed. However, spot surveys indicate that Railville and
Blight Heights contain approximately 35% Moslems and 40% Hindus, while
70% of the residents of the Lower Residential zone are Christians, 15%
Hindus, and 14% Moslems.

Moslem families in Optima prefer the toilet inside the house, use
water for cleansing, and will probably choose the pour-flush toilet.
Most local Hindus, who like to have the toilet away from the house and
do not use water, are expected to opt for the VIP latrine. The
Christians do not appear to have any strong cultural predispositions to
either the VIP latrine or the pour-flush toilet.

The ultimate choice between these technologies will be left to the
user. It is arbitrarily assumed for planning purposes that 50% will
choose each alternative. Both alternatives can be upgraded into small
bore sewer connections in the future. The pour-flush toilet, however,
is more readily upgraded in that its pits can be directly converted into
an interceptor tank.

A program of hygiene education is obviously necessary to educate
the 10% of Port City's population who defecate in the open about the
health hazards they create. An increase in public toilets may also be
required over the medium term. Existing public toilets are in poor
condition because of their users' ignorance of hygiene and inadequate
maintenance. Measures proposed for the IIP should improve this. New
public toilets would be of an improved design (Figure P3-6). They will
continue to serve itinerants as well as local people.

The views and cultural practices of the users will need to be

considered when designing new public toilets to ensure their accepta-
bility to the communities they are to serve. A program to educate the
users in proper hygiene practices will be necessary.
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A training program on public hygiene and the care of public facili-

ties is recommended for toilet attendants, who should be acceptable to

the communities they are to serve and be selected from among those with

an interest in hygiene and sanitation. This should result in cleaner

and better maintained toilets to make them more attractive to potential

users.

3.B.4 Affordability

The analysis so far indicates that, by the year 2000, households

with water connections should have conventional sewer connections if

they are located in presently sewered areas, or small bore sewer connec-

tions if they are located elsewhere. (During the project period,

however, many will have to use upgraded existing cesspits and septic

tanks and new pour-flush toilets with sullage soakaways). Residents

without water connections should have VIP latrines or pour-flush

toilets, or they should use public toilets.

Evidence from the existing situation is that most residents of

areas currently provided with water networks do have house water connec-

tions (ZlOO) and a relatively expensive cesspit (Z1800), septic tank

(Z1440) or sewer connection (Z300). Internal plumbing costs range

between Z200-500. The precise mechanisms whereby lower income house-

holds have obtained the necessary funds require further investigation.

It is noted, however, that existing credit mechanisms (including loans

among members of extended families) have sufficed to provide the neces-

sary capital for owner-occupiers, even in the poorer parts of the Lower

Residential zone. Landlords provide the facilities in rented proper-

ties. It is therefore concluded that most households to be connected to

the water distribution system in the future will be able to afford the

necessary accompanying sanitation facilities, as they will be either the

same systems already in use today or the cheaper pour-flush toilets with

soakaways (Z950) and small bore sewer connections (Z360).

Information collected by the Institute of Social Development indi-

cates, however, that people without security of tenure on the land they

occupy are unwilling to invest in improvements and also have great

difficulty in obtaining credit. Two areas have land tenure problems at

present: the squatter communities of Railville and Blight Heights.

Approximately one-half of Railville's residents do have tenure as a

result of the squatter upgrading project completed in the mid-1970s. It

is assumed that the other residents of Railville will obtain tenure over

the next 20 years under an extension of the upgrading project. They

should therefore be able to obtain credit. Full water connections along

with sanitation for wastewater are therefore planned for all of

Railville by the year 2000. (It is unlikely that this process will have

taken place by 1986, however.)



- 157 - Port City Project
Pre-Feasibility Report

The residents of Blight Heights are not expected to obtain tenure

over the next 20 years because the land they occupy is privately owned,
unlike that in Railville which principally belongs to the public Port
Authority. Blight Heights will remain a squatter slum, therefore.

Households in Blight Heights and in new squatter areas expected to be

occupied in the Extra Zones by the year 2000 will not have much interest
in improving the land they occupy as they do not have tenure. Nor would

they be able to raise the necessary funds to invest in the sanitation
systems that must accompany a water connection. The residents of these

areas will have to rely on standpipes for water supply, and therefore on

VIP latrines and pour-flush toilets for sanitation throughout the next
20 years. It is assumed that one-half of Railville's residents will
have to do so during the project period. It is further (and

tentatively) assumed that these residents will be provided with the
below ground components of the inexpensive VIPs (Z125, of which Z85

below ground) and pour-flush toilets (ZI50, of which Z 110 below ground)
and that they will construct superstructures themselves. Final
recommendations on appropriate mechanisms for providing these facilities
in low income areas will be included in the Feasibility Report.

In the squatter communities, family members often work long hours

outside the community and find it more economic to pay the high costs of
the vendors than line up for long periods for water. Although the
number of standpipes wilL be increased, it is anticipated that some

vendors will continue to sell water in Blight Heights to the elderly and

infirm and to those without the time to collect their own water.

The vendors transport water in contaminated containers, and
therefore the provision of clean water at the standpipe does little to

improve the health of the residents. It is recommended that a program
for training vendors in public hygiene and a system of licensing both be

instituted to reduce the health risks from vendor-purchased water.

Detailed information on incomes and credit mechanisms in the lower
income areas is now being collected as part of the 0.3% household

survey. The affordability of small bore sewer connections and other
sanitation systems in these areas will be addressed in detail in the

Feasibility Report. It is noted, however, that financing mechanisms may
be necessary to permit households in poor areas to obtain full water

connections and sanitation systems.

3.C FUrURE DEMAND FOR SERVICES

3.C.1 Water Supply

The service standards developed above translate into the numbers of

people served and domestic water connections listed in Table P3.1.
Alternative service standards and coverages were tested but rejected.
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Table P3.1 PROJECrED DOMESTIC WATER SUPPLY
SERVICE COVERAGE, 1980 - 2000

Population Served Number of Connections
(thousands) (thousands)

Year 1980 1987 2000 1980 1987 2000

PCWSC Water Connections 985 1,560 2,700 74.7 125.0 225.0
Standpipes 330 180 140 0.5 0.7 0.6

PCWSC Sub-total 1,315 1,740 2,840 75.2 125.9 225.6

Private Wells 90 60 -

Total 1,405 1,800 2,840

3.C.1.1. Domestic Requirements (House Connections)

Table P3.1 gives the projected numbers of persons to be served by

water connections and standpipes in the years 1987 and 2000.
Consumption per capita fell from 127 litres daily in 1977 to 116 litres
daily in 1980 because water production was constrained by shortages
(Table P2.4). Water sales in 1980 would probably have been about 10% to
15% higher than recorded if there had not been shortages. By 1987,
after these shortages have been eliminated, per capita consumption of
existing consumers would be expected to rise, at least to previous
levels. But the overall consumption per capita will tend to fall

because the great majority of new consumers will be low income residents
whose water use will be relatively low. The overall effect of these two
trends is expected to result in daily per capita consumption averaging
120 litres in 1987 and rising to 135 by 1995, reflecting a gradual

increase in living standards within the city. These projections are
shown in Table P3.2.

Water consumption per domestic connection fell from 1.69 m3 daily
in 1977 to 1.53 m3 daily in 1980. The new distribution networks
required in the project period will reach several hundred thousand
people who are expected to want house connections. The anticipated
numbers of connections are also shown in Table P3.2. Water sales per
connection are expected to drop in the near term, reflecting the large
numbers of low income residents awaiting connections, and then rise
gradually thereafter.
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Table P3.2 ACIUAL AND PROJECTED WATER SALES THROUGH
DOMESTIC CONNECTIONS, 1977 - 2000

1977 1980 1987 1990 1995 2000
-- Actual --- ---------- Projected ----------

Total Population
(thousand) 1,275 1,405 1,800 1,995 2,380 2,840

Population Served
(thousand) 920 985 1,560 1,780 2,210 2,700

Population Served
(% of total) 72 70 87 90 93 95

Domestic Water Sold
((00 m3/day) 117.2 114.4 187 219 285 365

Water Sold per
Capita (lcd) 127 116 120 123 129 135

Nurmber of Connec-
tions (000) 69.2 74.7 125 145 180 225

Water Sold per
Connection (m3/day) 1.69 1.53 1.50 1.51 1.58 1.62

Population Served
per Connection 13.3 13.2 12.5 12.3 12.2 12.0

3.C.1.2. Domestic Requirements (Standpipes)

Per capita standpipe consumption is presently estimated to average
15 lcd. It is anticipated that this consumption will rise to an average
of 20 lcd over the project period, as standpipes are installed closer to
people's homes, and remain constant thereafter. Standpipe consumption
per capita may be even higher than 20 lcd in households with pour-flush
toilets. Standpipe consumption is therefore projected as shown in
Table P3.3.
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Table P3.3 STANDPIPE WATER DEMAND PROJECrION 1980 - 2000

Year Population Served Per Capita Consumption Total Demand
(000) (lcd) (000 m3 /day)

1980 330 15 5.0
1987 180 20 3.6
1990 170 20 3.4
1995 155 20 3.1

2000 140 20 2.8

3.C.1.3 Industrial and Institutional Requirements

Historically, eight large industries and institutions have

accounted for some 80% of industrial and institutional water provided by

PCWSC. Inspection of these industries' connection records, discussions

with their management about future expansion plans, and discussions with

Port City planners have resulted in the industrial water demand

projections of Table P3.4.

Table P3.4 ACrUAL AND PROJECTED INDUSTRIAL AND

INSTITUTIONAL WATER SALES, 1970 - 2000

Consumer Water Use per Average Day
(000 m3)

Actual Projected

1970 1975 1980 1987 1990 1995 2000

Port Authority 2.8 4.3 6.1 14.0 16.3 20.2 24.2

Oil Refinery 2.6 5.4 8.7 14.5 14.8 15.6 22.0

Brewery 0.6 0.9 1.2 3.1 4.5 6.3 8.3

Cement Factory 1.9 3.0 5.4 9.7 10.8 15.2 19.0

Army Camp 1.5 2.2 4.0 7.2 9.1 12.4 15.6

Hotels 1.1 1.5 2.7 4.9 7.1 10.9 14.6

University 0.6 1.1 2.0 3.6 4.2 5.3 6.4

Textiles 0.7 1.3 2.3 4.1 4.8 5.9 7.1

Miscellaneous 3.0 6.3 12.3 19.4 22.0 30.0 34.6

14.8 26.0 44.7 80.5 93.6 121.8 151.8

In addition to the water supplied from the PCWSC system, there are

many private wells in Port City. The Ministry of Water Development

estimates tht such wells supply some 6,300 m- daily to industries,
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mostly in the industrial area by the coast. Salinity is an increasing
problem in groundwater in this area. Because of both quantity and
quality problems associated with groundwater in Port City, the Ministry
of Water Development will not authorize further abstractions on a
continuous basis. Accordingly, the industrial water demand projections
are based on the realistic assumption that future requirements will be
supplied by PCWSC and not by private wells.

3.C.1.4 Total Requirements

The projected water demands of house connections, standpipes, and
industry and institutions are combined in Table P3.5. The table also
includes a small demand for Farmville, assuming that any new source for

Port City will also supply bulk wdter to Farmville (see separate report
for Farmville, April 1982). The water production required to supply
these demands depends critically on the quantity of unaccounted-for
water, which was about 48% of the total production in 1979 and 1980.
Measutes are already underway under the IIP to reduce these physical and
administrative losses, as explained in Section 2.I.4, but they can never
be corkpletely eliminated. The existing PCWSC network of transmission
and distribution pipes is extensive, and many sections are quite old.
(Annex P3 provides details.) There are roughly 1300 km of pipes in the
network (excluding the service connections), and the additional pipes
expected to be laid during the project might total 200 km in length.
New pipes will continue to represent a small portion of the total
system. Furthermore, the increased pressures expected when shortages
are eliminated will tend to increase leakage. In these circumstances,
the water production requirements in Table P3.5 assume that unaccounted-
for water falls from the current level to 38% by 1987 and 35% by the
year 2000.

Table P3.5 COMBINED WATER DEMAND PROJECTIONS, 1980-2000

Demand in 000 m3/day 1980 1987 1990 1995 2000

House Connections 114.4 187.0 219.0 285.0 365.0
Standpipes 5.0 3.6 3.4 3.1 2.8
Industry and Institutions 44.7 80.5 93.6 121.8 151.8
Farmville - 2.0 3.0 6.0 11.0

Total Demand 164.1 273.1 319.0 415.9 531.6

Water Unaccounted-for (%) 48 38 37 36 35

Required Total Production 312.7 440.0 506.0 650.0 818.0

Sources: Tables P3.3, P3.4, P3.5, and Farmville report.
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It can be seen that 440,000 m
3/day will be necessary by 1987 and

818,000 m3/day by 2000. Yet, present source capacities total only

335,000 m3/day (Section 2.1.4). Therefore, an extra 105,000 m
3/day will

be required by 1987, and an extra 483,000 m
3/day by 2000. Major new

sources of water supply will be necessary; their selection is discussed

in section 3.D.

3.C.2 Sanitation

3.C.2.1 Requirements for All Domestic Systems

The service levels developed in Section 3.B.3 translate into the

number of people served and sanitation systems listed in Table P3.6.

Alternative service standards and coverages were tested but rejected.

Table P3.6 PROJECTED DOMESTIC SANITATION SERVICE COVERAGE
1980 - 2000

Population Served Number of Facilities
(thousands) or Connections

Year 1980 1987 2000 1980 1987 2000

Open defecation 140 - - - - -

Pit latrines 200 - - 24,000 - _

VIP latrines - 60 - - 7,500 -

Pour-flush toilets - 110 140 - 7,500 10,000

Public toilets 15 40 15 15 40 15

Cesspits 620 570 - 30,000 23,500 -

Septic tanks 150 290 - 20,000 28,000 _

Pour-flush toilets with
sullage soakaways - 60 - - 3,500 -

Conventional sewers 280 430 620 24,300 41,000 66,000

Small bore sewers - 240 2,065 10,000 150,000

Total 1,405 1,800 2,840_

3.C.2.2 System Requirements for Domestic Sewerage

The on-site facilities (VIP latrines, pour-flush toilets, septic

tanks, cesspits, and pour-flush toilets with sullage soakaways) require

no accompanying works. However, domestic sewerage facilities (conven-

tional and small bore connections and public toilets) are part of a

sewage collection, treatment, and disposal system. For the project

period through 1987 it is proposed to construct a small bore sewer

network limited to cover about 600 ha, in accordance with guidance

provided by the Steering Committee (Section 3.B.3). The priority areas
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for the small bore sewer system are in the northern part of the city

near Main Street where population densities are high, soil permeabi-
lities are low, and all residences are expected to be supplied with
domestic water connections by 1986. The priority area is in sections of
Lower Residential and Railville zones (Figure P3-7) which accommodate
some 240,000 people.

Wastewater flows from all domestic sewer connections are estimated
as in Table P3.7.

Table P3.7 PROJECTED DOMESTIC WASTEWATER FLOWS, 1980 - 2000

Average Flow Daily BOD
(000 m3/day) (tons/day)

Year Sewers Sub-total Seaview Sewers Sub-total Seaview
Conven- Small Central System Conven- Small Central System
tional Bore System tional Bore System

1980 34.4 - 34.4 4.6 13.2 - 13.2 0.7
1987 69.4 12.5 81.9 5.8 17.8 5.0 22.8 0.8
2000 73.5 218.6 292.9 8.0 22.0 45.5 67.5 1.1

Notes: Dry weather flow on average day.
Central system excludes existing Seaview system.

3.C.2,3 Industrial and Institutional Sewerage Requirements

Five industries and institutions have private wastewater treatment
plants. Table P3.8 summarizes the status of these plants, which are
located as shown on Figure P2-13 and described in Annex P4. It is
anticipated that two of these will be connected into the sewer system,
two will continue to operate satisfactorily as separate plants, and the
fifth (and smallest) will be upgraded with technical assistance from
PCWSC. All other industrial wastewater will continue to flow though
Port City's existing systems of sewers. Projected industrial and
institutional wastewater flows are as shown in Table P3.9.
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Table P3.8 PRIVATELY OWNED WASTEWATER TREATMENT PLANTS

Owner Location Treatment Capacity Remarks

(m /day)

Petropin Port complex Flotation and 14,000 Harbour discharge

(oil activated sludge satisfactory.
refinery) sludge

University East Middle Facultative ponds 4,000 Gully discharge
Residential satisfactory.
Zone

Large Hotel Farmville & Extended aeration 30 Gully discharge
Poobah Rd 40% efficient,

unsatisfactory.
Plant needs
upgrading.

Brewery Port complex Extended aeration 2,000 Harbour discharge

unsatisfactory.
To be connected
to interceptor
sewer.

Bottling Douglas and Extended aeration 120 Gully discharge
Plant McNabb road unsatisfactory.

To be connected
5 to small bore

____________________ |_________ _ sewer .

Source: Owners' data and consultant's observations.

Table P3.9 PROJECTED INDUSTRIAL WASTEWATER FLOWS, 1980 - 2000

Year Average Flow Daily BOD
(000 m3/day) (tons/day)

1980 19.6 4.8
1987 40.7 7.8
2000 101.2 16.3

Note: Dry weather flow on average day.
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3.C.2.4 Total Sewage Collection, Treatment, and Disposal Requirements

The figures in Tables P3.7 and P3.9 indicate that a total average

dry weather flow of about 400,000 m3/day is projected for the central
system in Port City by the year 2000 (123,000 m3/day in 1987), carrying
some 84 tons of biochemical oxygen demand (31 tons in 1987). Flows in
the independent Seaview System would only be some 2% of total flows in

the Central System.

3.D STRATEGIC PLAN TO THE YEAR 2000

Projected land use in the year 2000 is shown in Figure P2-6. At

that time, Port City's population should reach 2.8 million, or double
the 1980 population (Table P2.2).

3.D.1 Water Supply

Water sources expected to be in service for Port City in the year

2000 are shown in Figure P2-9. The distribution system will have to
expand to serve the urban areas shown in Figure P2-6.

3.D.1.1 Sources

Table P3.5 indicated that water production by the year 2000 has to

be 818,000 m3/day, compared to present source capacities of
335,000 m3/day. Additional wells within the city might provide an

additional 20,000 m3 on peak days within the project period (see
Sect:ion 4.B), but this is very minor compared to projected needs.

There are four major potential sources of additional water:

reduced losses in the existing system (previously discussed in Section
3.C.1.4); irrigation water from the North River (excluded by the

Steering Committee in its response to Technical Memorandum No. I of
December 1981); the North River Wellfield groundwater scheme; and the

Large River surface scheme. These latter two alternatives, (both
described in Section F of Annex P2), are discussed below. The
possibility of reducing water requirements by reducing distribution
system losses is discussed subsequently.

The North River Valley Wellfield scheme (Figure P2-11) would yield

200,000 m3/day. Its costs are summarized in Table P3.10. The Large
River surface scheme (Figure P2-10) would yield 300,000 m3/day in two

stages, each of 150,000 m3/day. Its costs are summarized in
Table P3.11. Section F of Annex P2 descr'bes these two alternative

schemes. Meeting future water production needs will eventually require
both schemes. Sequence A is here defined as the North River Wellfield
followed by the Large River surface scheme, and Sequence B as the Large
River scheme followed by the Wellfield.
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Table P3.10 NORTH RIVER WELLFIELD SCHEME: COST ESTIMATE
(mid-1981 prices)

Z million
Land at Wellfield 0.2
Well Drilling and Equipment 3.6
Collector Pipeline 0.4
Pump Station 4.0
Electricity Supply and Communications 0.6
Pipeline from Wellfield to Port City 12.0
Creektop Reservoir 4.0
Village Water supply and Sanitation 0.4

Sub-total 25.2

Engineering 1.3
Contingencies 6.3

Total 32.8

Table P3.11 LARGE RIVER SURFACE SCHEME: COST ESTIMATE
(mid-1981 prices)

Z million
Stage I

Diversion weir and temporary intake 3.1
Steel pipeline (1.8 m diameter, 19.5 km long) 16.5
Tunnel (2.5 m diam., 2. km long) 11.7
Treatment plant (capacity 225,000 m3/d) 9.3
Treated water reservoir (capacity 40,000 m3) 3.2

Sub-total 43.8
Contingencies and Engineering 14.0

Total 57.8

Stage II
Embankment dam and spillway 67.7
Intake tower and connection to pipeline 1.2
Treatment plant extension (capacity

225,000 m3/day) 8.9
Treated water reservoir (capacity 40,000 m3) 3.0

Sub-total 80.8
Contingencies and Engineering 25.9

Total 106.7

Total Cost: Stages I and II 164.5
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Figure P3-8 plots projected water needs and the alternative

sequences for producing it, assuming that each scheme (or stage) would

take three years to construct. Sequence A would then involve

constructing the North River Wellfield in 1984-86, followed by Stage I

of the Large River scheme in 1989-91 and Stage II in 1993-95.

Sequence B would involve Stage I of Large River in 1984-86, Stage II in

1987-89, and the North River Wellfield in 1992-94.

Table P3.12 is a least cost comparison of the two alternatives.

For both alternatives, it is assumed that 20% of construction costs

occur in Year 1, and 40% in each of Years 2 and 3.

The transmission and distribution system necessary for each

alternative would involve similar costs, and is therefore ignored for

this comparison. In addition, most operating and maintenance costs are

ignored as they will be comparable for both sequences (e.g., pipeline

maintenance). Energy for pumping at the wellfield and treatment costs

for the Large River are included, however. New pumps are assumed to be

necessary for the wells after 12 years.

It can be seen from Table P3.12 that Sequence A is the least cost

alternative at all discount rates tested between 8% and 12%. It is

therefore the preferrecl alternative, and the North River Wellfield

should be developed first, followed by the Large River surface source.

The final major source of additional water to be considered for

Port: City would be the recovery of water which is presently lost in the

PCWSC system. Total unaccounted-for water over the past two years, due

to physical losses and administrative losses, has been close to

150,000 m3/day or 48% of total production (Table P2.5). The amount of

water actually being lost at present is not known but might be of the

order of one third of the total or 50,000 m
3/day. (Better estimates

will be available when consultants engaged under the IIP have analyzed

the water loss problem.) The expenditures which could be justified to

recover this water can 'be estimated by examining the costs of the next

best alternative.

The least cost alternative source development (North River

Wel]field) would require an investment of Z32.8 million to provide an

average of 200,000 m3/day of additional water. If the capital cost is

annualized (at a 10% discount rate) and annual recurrent expenditures

taken at 5% of the capital cost, the total annualized cost for this

scheme is about Z5.4 milLlion. This is equivalent to an annual cost of

Z27 for each cubic metre of water produced.

This preliminary calculation suggests that PCWSC would be justified

in an equivalent annual expenditure of up to Z1.3 million to reduce

existing losses by 50,000 m3/day. In fact even higher expenditures
could be rationalized ii the measures would contribute to reduction of

potential losses from future additional sources too.



Table P3.12 LEAST COST COMPARISON OF ALTERNArIVE WATER SOURCE DEVELOPMENT SEQUENCES

Sequence A: North River Wellfield followed by Sequence B: Large River Surface Scheme followed
Large River Surface Scheme by North River Wellfield

Year North River Large River Total North River Large River Total
Wellfield Surface Scheme Wellfield Surface Scheme

Capital Operating Capital Operating Total Capital Operating Capital Operating Total

Costa Costs Costs Costs Costs Costs Costs Costs Costs Costs

…-------------- Z million (mid-1981) ---------------- --------------- Z million (mid-1981) --------------

1984 6.6 _ _ - 6.6 - - 11.6 11.6

85 13.1 _- - 13.1 - - 23.1 23.1

86 13.1 - - - 13.1 - - 23.1 23.1

87 - 1.6 - - 1.6 - - 21.3 0.5 21.8

88 - 1.6 - - 1.6 - - 42.7 0.5 43.2

89 - 1.6 11.6 - 13.2 - - 42.7 0.5 43.2

90 - 1.6 23.1 - 24.7 - - 1.0 1.0

91 - 1.6 23.1 - 24.7 - - 1.0 1.0
92 - 1.6 0.5 2.1 6.6 - 1.0 7.6

93 - 1.6 21.3 0.5 23.4 13.1 - 1.0 14.1
94 - 1.6 42.7 0.5 44.8 13.1 - 1.0 14.1 O

95 - 1.6 42.7 0.5 44.8 - 1.6 1.0 2.6 X

96 - 1.6 - 1.0 2.6 - 1.6 1.0 2.6 l

97 - 1.6 - 1.0 2.9 - 1.6 1.0 2.6

98 0.3 1.6 - 1.0 2.6 - 1.6 1.0 2.6

99 - 1.6 - 1.0 2.6 - 1.6 1.0 2.6

2000 - 1.6 - 1.0 2.6 - 1.6 1.0 2.6

01 - 1.6 - 1.0 2.6 - 1.6 1.0 2.6 e e

02 - 1.6 - 1.0 2.6 - 1.6 1.0 2.6 '1 0
03 - 1.6 - 1.0 2.6 - 1.6 1.0 2.6 

Net present value at discount rate of: 8% 130.7 Net present value at discount rate of: 8% 157.0

10% 115.3 10% 145.7
12% 102.4 12% 135.8 a e

H~. 0
Note: Net present value obtained by discounting total cost in each year to 1984, according to formula H .

NPV = CFo + CFs + CF2 + . . .+ CF 
(1 +i) ( I+i)2 n pi:n )

Where NPV = net present value m
CFj = cash flow (total cost) at year j O
i discount rate. x
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In practice, PCWSC: intends to incur capital costs of the order of
ZI million under the IIP for improved equipment to reduce losses and to

employ consultants, extra staff and face associated costs which might
total about ZO.5 million/year. This proposed expansion of the PCWSC

loss reduction program is judged to be as large as is feasible at this
stage and the results cannot be predicted with any confidence.

The water source augmentations which are recommended for the

strategic plan are therefore summarized as follows:

a) construct a few additional wells within Port City as soon
as possible to provide up to 20,000 m3/day on peak days;

b) increase efforts to reduce present and future water losses,
up to the point where the unit cost of additional water
provided in thi.s manner approaches the unit cost of water
from new sources;

c) develop the North River Wellfield as the next major source
of water for Port City;

d) develop the Large River scheme when required. Present
indications are that this scheme should be developed in two
equal stages of 150,000 m3/day in 1989-91 and 1993-95.

However these assumptions should be reviewed periodically
in the light of revised estimates of water demands,

capacity of sources in operation and the amount of
unaccounted-for water, including prospects for its

reduction.

3.D.1.2 Storage, Transmission, and Distribution Systems

The transmission and distribution system is being analyzed by means

of a computer model which is presently being verified. Results will be

presented in the Feasibility Report. Tentatively, the system will
include the following adlditions:

a) major transmission lines within Port City, totalling
some 40 km in length and varying in diameter from 400 to
1200 mm, including a line to New Town sometime during the
1990s;

b) treated water storage reservoirs which, together with
those at Creektop for the North River Wellfield scheme
(capacity 100,C00 im 3) and at the Large River Treatment
Plant (capacity 80,000 m3), would give PCWSC treated water
storage equivalent to about 12 hours of average day water
demands;

c) distribution network extensions to areas not presently

covered (some 1500 ha) plus new areas expected to be
inhabited by the year 2000, mainly the Extra Zones and New

Town (some 1260 ha).
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Some 150,000 additional water connections will be necessary between

1980 and 2000 to serve the majority of Port City's expanding population
with piped water supply at their houses. A few hundred public

standpipes will also be required.

There will be continuing requirements for operation and maintenance

facilities and equipment.

3.D.1.3 Water Supply Program Costs

Cost estimates for Port City's water supply program through the

year 2000 are summarized in Table P3.13. These include the proposed

1984-86 project (Table P4.1 gives details) and the post-project period

of 1987-2000. They exclude the IIP whose water supply costs were

estimated at Z4.8 million (current prices) in the separate report of

February 1982.

Table P3.13 WATER SUPPLY PROGRAM COSTS, 1984 - 2000
(Z million)

1984-86 1987-2000 Total

Sources and Treatment
City Wells 0.8 - 0.8

North River Wellfield 25.2 - 25.2

Large River Scheme: Stage T (1989-91) - 43.8 43.8

Stage 11 (1993-95) - 80.8 80.8

Storage Reservoirs 4.0 8.0 12.0

Transmission and Distribution Pipelines
Within Port City 12.2 20.0 32.2
To New Town _ 10.0 10.0

New Connections and Consumer Meters 3.5 14.0 17.5

O&M Facilities and Equipment 2.5 4.5 7.0

Sub-total 48.2 181.1 229.3

Consulting Services 2.4 9.1 11.5

Physical Contingencies 12.1 45.8 57.2

Total 62.7 235.3 298.0

Costs expressed in price levels of mid-1981
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Total costs to the year 2000 amount to Z298 million, of which

Z63 million is to be incurred during the project period. These costs

exclude any costs incurred by householders, principally for plumbing

inside the house.

3.D.2 Sanitation

As previously explained (Section 3.B.3), conventional and small

bore sewers are recommended as the general solution for sanitation for

all properties with water connections. The extent of the sewer systems

expected to be installed by the year 2000 is shown in Figure P3-9.

3.D.2.1 Wastewater Treatment and Disposal

Tables P3.7 and P3.9 project an average dry weather flow of about

400,000 m3/day for the central system by the year 2000. Yet, the
existing Meanthyme plan-t's capacity, even when fully restored under the

IIP, is only 75,000 m3/day, and the plant effluent would still not

satisfy existing MOE regulations. There is no land at Meanthyme on

which to expand or replace the existing plant. A new plant at a new
location is therefore necessary.

The selection of a new treatment plant and process is strongly

influenced by the characteristics of the receiving waters, which

determine effluent standards. These standards will be met by the

treatment process selected on the basis of the availability of land and

the location of the effluent discharge point.

It is theoretically possible to reuse treated wastewater, either

for crop inspection (north of the city) or for groundwater recharge.

These alternatives, which greatly depend on the location of the

treatment plant, will be' further examined in the Feasibility Report.

A new treatment plant should be 'located on or near the coast at a

fairly level site. An inland site would involve extensive costs for

pumping the wastewater Erom the trunk sewers for treatment. No coastal

land is available withi-n the center of Port City. (See Figure P2-6 for

the projected land use in 2000.) There are two potential sites adjacent

to the city, however: to the south at Seaview (near the existing

treatment plant) and to the north at Hog's Bay. Two alternatives exist

for expanding the existing Seaview plant: direct disposal through

shallow outfall after secondary treatment and disposal through deep

outfall after primary treatment. Two effluent disposal alternatives

exist at Hog's Bay: directly into the Inner Harbour probably via the
North River, or by outfall into the Outer Harbour. There are therefore

four alternative treatment plant/effluent disposal location

combinations. Each is now considered in turn.
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a) Treatment at Seaview. Port City's wastewater could be pumped to

Seaview for treatment and disposal. There are only 13 ha of land

available at the Seaview site, however (Figure P3-9). The existing

plant provides primary treatment and discharges its effluent to the open

sea by outfall.

Treatment standards at a new Seaview plant are determined by the

potential pollution that the effluent could cause. Before the existing

Seaview plant was constructed in 1975, marine pollution studies

undertaken in 1969-71 demonstrated that a minimum of primary treatment

was necessary to avoid excessive contamination, and thus closure of

recreational beaches along the southern coast in the direction of

prevailing currents. Since the Seaview treatment plant was built in

1975, the beaches have in fact had to be closed on fourteen occasions

when, under the influence of onshore winds, the sewage plume has

remained close to shore. Onshore winds prevail during the November-

January period at the start of the tourist season so the problem of

beach pollution jeopardizes recreation and tourism.

Records of pollution along the shoreline have been collected in

order to investigate the relationship among prevailing winds, coastal

currents and beach pollution. Ministry of the Environment officials

have indicated that any additional Port City wastewater to be disposed

of at Seaview should meet quality criteria of 30 mg/l BOD and 30 mg/l

suspended solids and contain no floatables (including oil). Therefore a

new plant will require either secondary treatment and short outfall

(likely the existing one of 400 m), or primary treatment, including the

removal of floatables, plus an outfall some 5.2 km long to a depth of

100 m.

Either alternative would require a pumping station plus force main

to be installed in order to direct wastewater from the main sewer system

to Seaview. The pumping station should be located along the coast near

the existing Sweet Street pumping station and the force main to Seaview

would be 8.6 km long. These facilities would cost Z6.2 million to

install and Z1.5 million annually to operate.

The only secondary treatment process which is feasible on the

limited area of available land (13 ha) is activated sludge. Other

processes like trickling filters, biodiscs, stabilization ponds, and

aerated ponds would all require much more land for a plant able to treat

flows of 400,000 m3/day to produce effluent meeting the required

effluent quality standards. An activated sludge plant at Seaview to

meet Port City's needs in the year 2000 would require a treatment plant

costing Z71.8 million (including land) and an outfall costing Z1.3

million. Operating costs for this plant would be Z4.7 million annually.

A primary treatment plant at Seaview is estimated to cost

Z7.4 million and the 5.2 km outfall of 1800 mm diameter would cost
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Z7.7 million. Operating costs for the treatment plant would be
Z1.3 million annually.

b) Treatment at Hog's Bay with Effluent Disposal into the Inner
Harbour. Up to 500 ha of land are available at Hog's Bay for purchase
from the military for whom it is reserved, but who use it only
intermittently for training. The available groundwater is brackish, and
15-20% of the land is swampy, and so the area has no agricultural use.
All sewage treatment processes codld therefore be utilized at this site.

Effluent quality criteria for disposal in the Inner Harbour via the
North River are determined by MOE at 30 mg/l for BOD, no floatables,
30 mg/l for solids and 50 faecal coliforms per ml. These are sensible
standards, reflecting the dilution capacity of Hog's Bay and the inner
harbour. No outfall would be used.

Comparative evaluation of secondary treatment processes under this
alternative indicates that stabilization ponds are the least cost
alternative (Z12.8 million for a plant to meet the year 2000's flows),
followed in order by aerated ponds (Z18.8 million), trickling filters
(Z28.4 million), biodiscs (Z32.1 million), and activated sludge
(Z67.7 million). All costs include land purchase at prevailing market
values. The cost comparison indicates that stabilization ponds are the
most economical treatment process under this alternative. Annual
operating and maintenance costs are minimal, estimated tentatively at
ZO.1 million.

c) Treatment at Hog's Bay with Effluent Disposal into the Outer
Harbour. Less treatment would be required if the effluent were
discharged by outfall to the Outer Harbour. Effluent quality criteria
could be limited to the removal of settleable solids and floatables.
Treatment would include primary settling and the removal of floatables,
prior to discharge by outfall to the Outer Harbour through a 7-km long,
1800 mm diameter submerged pipe.

A primary treatment plant is estimated to cost Z7.4 million with
annual operating costs of Z1.3 million. The outfall is estimated to
cost Z1O.3 million. Sludge would be digested and then dried in beds
before disposal on land.

Least Cost Comparison. The basic alternatives were compared on an
annual cost basis, assuming a discount rate of 10% and a life for each
treatment plant of 20 years. The results are presented in Table P3.14.

The least cost alternative in terms of capital costs and total
annual costs is stabilization ponds at Hog's Bay with effluent discharge
into the Inner Harbour. T'he alternative of an activated sludge plant at
Seaview is definitively eliminated from further consideration. Likewise
the alternative of primary treatment plus a long outfall at Seaview has
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Table P3.14 LEAST COST COMPARISON OF WASTEWATER TREATMENT
AND DISPOSAL ALTERNATIVES

(Z million of mid-1981)

Treatment Location Seaview Seaview Hog's Bay Hog's Bay

Disposal Location Seaview Seaview Inner Harbour Outer Harbour
(deep (inshore)

disposal)

Treatment Method Primary Activated Stabilization Primary

Treatment Sludge Ponds Treatment

Capital Cost

Pumping Station
plus Force Main 6.2 6.2 _ _

Treatment Plant 7.4 71.8 12.8 7.4

Outfall 7.1 1.3 - 10.3
21.3 79.3 12.8 17.7

Annualized Capital 2.5 9.3 1.5 2.1
Cost (10% discount
rate for 20 years)

Annual Operating and
Maintenance Cost 2.8 6.2 0.1 1.3

Total Annual Cost 5.3 15.5 1.6 3.4

annual costs of 56% higher than for similar facilities at Hog's Bay

because of the necessary pumping station and force main. This means
there is no further justification for considering additional treatment
facilities at the Seaview site.

Confirmation of the optimal alternative at the Hog's Bay site will

be provided in the Feasibility Report, using more precise cost

estimates.

Further advantages of the stabilization pond method are its minimal

need for complex imported equipment and maintenance and its relative

invulnerability to shock loads and power supply interruptions.

The IIP report recommends the construction of 1.0 ha of sludge
lagoons at Hog's Bay, on the assumption that a new treatment plant will

eventually be constructed there. These sludge lagoons will be

incorporated in the new plant.
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Design parameters and the layout for the Hog's Bay Treatment Plant
are illustrated in Figures P3-10 and P3-11 which shows the plant sizes
necessary in both 1987 and the year 2000. It is estimated that capital

costs during the project period amount to Z5.0 million (of which Z2.0 is
for ]Land) and during the 1987-2000 period, when the plant would triple

in size, to Z7.8 million (of which Z2.7 is for additional land).

Effluent from stabilization ponds offers opportunities for reuse in
agriculture. This could be important in the Port City region where
water shortages limit the expansion of irrigation, despite the
availability of good land (Section 2.8). Reuse of effluent is feasible,
although health considerations might limit the crops to those such as
sugar cane and bananas. There is also potential for fish culture in

stabilization ponds.

Neither agricultural reuse nor aquaculture is considered further in
this report. Program costs and benefits do not include these
possibilities. Their potential should be studied by others, however, in
order to ensure that the maximum benefits are extracted from the
proposed new treatment plant.

3.D.2.2 Wastewater Collection

As discussed in Section 3.B.3 above, the conventional sewerage
network should not be extended in residential areas in the future
because it is not the least cost solution for households with water
connections. New connections to the existing sewer network should be
made, however, in the Middle Residential, Business, Old Town, and
Seaview zones. The existing network covers most of the foreseeable
sites for industrial and commercial development within Port City. It is
likely, however, that limited areas of extremely high residential
densities or commercial developments may warrant conventional sewers in
the future. Such limited areas cannot be identified at this time.

By the year 2000, virtually all households with water connections

that are located outside the area served by the present sewerage network
should have small bore sewer connections. This implies a network
covering some 5,500 ha, including the Extra Zones and New Town into
which Port City is expected to expand. Some 600 ha of the new network
will be built in the Lower Residential and Railville zones during the
1984-86 project, and the remaining 4,900 ha in the 1987-2000 period.
Households with cesspits, septic tanks, and sullage soakaways will have
these upgraded into interceptor tanks. Households obtaining new water
connections in the small bore sewer areas will have new interceptor
tanks. Laterals and mains will be necessary to collect the sewage from
the households.

All 15 existing and 25 new public toilets (approximately 25 will be
necessary during the project period and none thereafter) will be
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connected into the existing conventional or the proposed new small bore

sewer systems. In addition, two of the five existing private wastewater

treatment plants will be connected into the sewer systems.

The proposed new treatment plant at Hog's Bay would be connected to

the existing system of conventional sewers, and the proposed small bore

sewers by a new interceptor sewer to run along Main Street from the site

of the present Meanthyme plant. The sewer, shown in Figure P3-12,

would be 2000 mm in diameter and 7.0 km long, large enough to handle

projected flows through the year 2000. Another interceptor sewer,

tentatively 500 mm diameter and 2.0 km long, would be needed during the

project period to connect the proposed small bore sewers in Railville to

the new treatment plant. In the period 1987-2000, additional main trunk

sewers would be required to run to the Hog's Bay plant from the New Town
area, the northern end of Lower Residential zone and the upper levels of

the city.

3.D.2.3 On-Site Sanitation

By the year 2000, it is anticipated that all households with water

connections will have conventional or small bore sewer connections.

Cesspits, septic tanks, and pour-flush toilets with sullage soakaways

will only be required during the project period, therefore, for

householders in zones not to be covered with the initial small bore

sewer network or not presently covered by conventional sewers. These

systems will later be converted into interceptor tanks for small bore
sewers. Few on-site systems of these three types will be required in

the post-project period, assuming that the next stage of the small bore

sewer system is begun shortly after the project is implemented.

Households without water connections require VIP latrines or

pour-flush toilets. The bulk of these will be installed during the
project period. By the year 2000, however, it is anticipated that only
the residents of Blight Heights and parts of the Extra Zones will still

obtain water from standpipes. VIP latrines will, wherever possible, be
upgraded in the future to pour-flush toilets, and pour-flush toilets to

small bore sewer connections once water consumption requires it.

Further investigation is necessary before determining the

appropriate mechanism for installing VIP latrines and pour-flush

toilets. Low income householders could be provided with the below

ground components and themselves be responsible for constructing only

the superstructures, or they could construct the entire structure

themselves. For this report, program cost estimates to the year 2000
include the below-ground components. (No other on-site sanitation

systems are included within the program costs.) The Institute for Social

Development (ISD) is currently conducting a survey into the appropriate

mechanism, given prevailing sociocultural patterns, and its conclusions

will be incorporated in the full Feasibility Report.
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3.D.2.4 Sanitation Program Costs

Cost estimates for Port City's sanitation through the year 2000 are
summarized in Table P3.15. Like those for water supply in Table P3.13,
they include the 1984-86 project (see Table P4.2 for costs) and the
post-project period from 1987 to the end of the planning horizon in
2000.

Table P3.15 SANITATION PROGRAM COSTS, 1984 - 2000
(Z million)

1984-86 1987-2000 Total

On-Site Systems
New VIP latrines 0.75 - 0.75
New Pour-flush toilets (including
upgraded VIPs) 0.75 0.15 0.90
Upgrading Existing Septic Tanks and
Cesspits 2.25 - 2.25
Sub-total 3.75 0.15 3.90

Off-Site Systems
Connections to Existing Sewers 3.90 7.50 11.40
Small Bore Sewer System 4.70 44.90 49.60
Interceptor and Trunk Sewers 5.50 4.00 9.50
New Treatment Plant at Hog's Bay
Land 2.00 2.75 4.75
Stabilization Ponds 3.00 5.00 8.00

Public Toilets 0.60 - 0.60
Sub-total 19.70 64.15 83.85

O&M Facilities and Equipment 0.30 0.55 0.85

Sub-total 23.75 64.85 88.60

Consulting Services and Support
Services 1.20 3.20 4.40

Physical Contingencies 5.95 16.05 22.00

Total 30.90 84.10 115.00

Costs are expressed in price levels of mid-1981
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Total costs to the year 2000 amount to Z115 million, of which

Z31 million will be incurred during the project period. These exclude

any costs incurred by householders, principally for plumbing inside the

house, for the superstructures of VIP latrines and pour-flush toilets,

and for new cesspits, septic tanks, and pour-flush toilets with sullage

soakaways. These will almost all be incurred during the project period

as very little new on-site sanitation is expected in 1987-2000 other

than some pour-flush toilets. During the project period, the costs of

on-site sanitation systems (but not plumbing) are provisionally

estimated at Z28 million (Section F.2 of Chapter 4).

3.D.3 Total Program Costs

The water supply cost estimates of Table P3.13 and the sanitation

cost estimates of Table P3.15 combine to give total program costs of

Z413 million over the planning period to the year 2000, as summarized in

Table P3.16. Costs through 1983, including the Immediate Improvement

Program, are excluded. All costs are expressed in prices prevailing in

mid-1981; actual costs would depend upon rates of inflation.

Table P3.16 TOTAL COSTS OF WATER SUPPLY AND SANITATION PROGRAM:
1984-2000

Project Period Longer Term Total

1984-86 1987-2000 1984-2000
---------- Z million of 1981 ----------

Water Supply 62.7 235.3 298.0

Sanitation 30.9 84.1 115.0
93.6 319.4 413.0

Total costs for water supply are much greater than for sanitation

because of the need to develop two major sources distant from the city,

the North River Wellfield and the Large River Scheme, which together

account for Z197 million (Tables P3.10 and P3.11), or two thirds of all

water supply costs to the year 2000. The largest item in the sanitation

program, the small bore sewer system, accounts for about 56% of its

total costs (Table P3.15).
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Chapter Four
PROPOSED WATER SUPPLY AND SANITATION PROJECT

4.A BASIS FOR PROJECT DEFINITION

The purpose of the feasibility study is to define all actions
needed to improve water supply and sanitation services throughout Port
City. Particular attention is concentrated on the near term investment
program. The "project, as discussed hereafter in this report, refers
to thcose elements of the strategic plan which can be implemented in the
1984-86 period, except for those on-site sanitation systems which are
traditionally the responsibility of houseowners. The project is
therefore pragmatically defined as the 1984-86 elements of the overall
program for which the public sector authorities (principally PCWSC) are
responsible.

The Immediate Improvement Project defined in the report issued two
months previously (February 1982) consists of near term actions to
remedy weaknesses in the existing systems of water supply and sewerage.
The recommended IIP can be completed within two years, by early 1984.

The project for 1984-86 is essentially a major program to construct
new facilities and extend the present systems of water supply and
sanitation. The largest project elements will be the development of the
new North River Wellfield, a small bore sewer system and the new Hog's
Bay Wastewater Treatment Plant. Between two and three years will be
required to design, tender, construct and commission these major
facilities. Implementation cannot commence, however, until the proposed
project has been approved and financing has been arranged.

The final report for this feasibility study is scheduled for
February 1983 (ten months after this Pre-feasibility Report). It is
here assumed that the project can be approved by mid-1983, that all
financing can be committed by the end of 1983, and that the first
contracts can be signed early in 1984. This schedule would permit
completion of the major project elements by mid-1986. Hence the
proposed project period of 1984-86.

Water supply and sanitation components of the project are described
separately. Thereafter, the institutional arrangements and financial
implications are discussed..

Within the project period, there are also related program
activities and expenditures which are additional to those included in
the project. These are discussed after the project in Section 4.F.

Much engineering analysis has gone into the preparation of the
strategic plan and definition of the components of the proposed
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project. Technical information concerning the project components is

summarized in the following sections of this chapter and on the

associated figures. More detailed engineering information and analyses

are deliberately excluded from this Pre-feasibility Report but will be

presented in the Feasibility Report on which work is progressing.

4.B WATER SUPPLY COMPONENT

Water supply facilities with a total estimated cost of

Z 62.7 million (mid-1981 prices) are proposed for construction in the

period 1984-86. Figure P4-1 shows the construction schedule.

Table P4.1 provides a summary of the estimated costs, which at this

stage are preliminary. An allowance of 25% is provided for physical

contingencies in recognition of the preliminary nature of the designs.

The components of the project are discussed briefly hereafter.

Table P4.1 PRELIMINARY COST ESTIMATE OF WATER SUPPLY COMPONENT

Local Foreign Total

…---- Z million ------

City Wells 0.2 0.6 0.8

North River Wellfield:
Land 0.2 - 0.2

Village Water Supply and Sanitation 0.2 0.2 0.4

Production Wells 0.9 2.7 3.6

Collection Pipeline 0.2 0.2 0.4

Pump Station 1.0 3.0 4.0

Electricity supply and communications 0.1 0.5 0.6

Pipeline from Wellfield to City 3.6 8.4 12.0

Creektop Reservoir 3.0 1.0 4.0

Eastern Reservoir 3.0 1.0 4.0

Transmission pipelines within Port City 1.8 2.8 4.6

Distribution Networks within Port City 4.5 3.1 7.6

New Connections and Consumer Meters 1.7 1.8 3.5

O&M Facilities and Equipment 1.2 1.3 2.5

Sub-total 21.6 26.6 48.2

Consulting Services 1.2 1.2 2.4

Physical Contingencies (25%) 5.4 6.7 12.1

Total 28.2 34.5 62.7

Note: All costs in mid-1981 prices.
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It is believed possible to develop wells in the centre of the city

to provide a limited early increase in supplies. Specific sites have
not yet been chosen, but four wells yielding a total of 20,000 m

3/day

are envisaged for operation in periods of peak demand. These wells will

probably be located in the central or eastern part of the city where

ground levels are above 100 m, with minimal groundwater pollution from

the cesspit overflows in the lower part of the city. Approval to

develop such wells would have to be sought from MWD, which has already

indicated informally that output from any future wells, if approved,

would be restricted (due to concern about over-pumping from the

aquifer), and perhaps limited to peak days only.

The North River Wellfield would comprise some 30 wells along the

rivers in the valley plain some 15 km northwest of Farmville. The

reliable yield of this scheme is conservatively estimated at 200,000 m
3

daily for planning purposes. Each well would be equipped with an

electrical submersible pump. A collection pipeline would convey the

water to a central pumping station, from which it would be pumped

through a steel pipeline 19.5 km long to a terminal reservoir on the

north side of Port City. This Creektop reservoir would have a capacity

of 50,000 m3 and a top water level of 75 m. The North River scheme is

depicted on Figure P2-11, and is described further in Annex P2,

Section F2.

The North River plains where the wellfield will be located are

inhabited by some 10,000 people living in 25 small villages. Based on

guidance from the Advisory Committee, it is proposed to provide improved

village water supply and sanitation systems and hygiene education as an

integral part of the project for Port City. Economic conditions and

existing water and sanitation services in these villages are discussed

in Section F2 of Annex P2.

The dispersed villages in the North River valley are not near the

pipeline from the wellfield to Port City (see Figures P1-I and P2-11).

As local groundwater is abundant, the proposed new water supply for the

villages involves protected wells equipped with handpumps. Each village

would have at least two wells, and so breakdowns or periodic maintenance

would not jeopardize the water supply.

Sanitation improvements would consist of ventilated improved pit

latrines in conjunction with a hygiene education program for the

villagers. Training should also be provided on the maintenance of the

handpumps and latrines. The recommended public health program for the

villages in the North River valley is characterized by a) continued

outreach capability through installation of a health centre, which could

also serve as a pump repair depot, manned by a health auxiliary, health

inspector, and midwife; b) community involvement in the planning,

design, construction, and maintenance of water and sanitation

facilities; and c) improvements in the local primary schools' health

curriculum, supported by teacher training activity.
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Additional storage reservoirs are required to improve the supply of

water within Port City. Further analysis is required to specify the
optimum locations and capacities for such storage. Preliminary
indications are that a reservoir is required on the eastern side of the
city with a capacity of 50,000 m3 (similar to the proposed Creektop
reservoir on the northwest edge of the city) and a top water level of
about 225 m.

Major additions are required to the larger diameter transmission
pipelines within Port City. New pipelines are required to convey water
between the proposed new Creektop and Eastern reservoirs, the existing
transmission lines, and the expanded distribution system. The location
of the proposed transmission pipelines is shown on Figure P4-2. The
preliminary estimate of the required transmission lines calls for:

6.0 km of 1200 mm diameter at Z530 per m,
4.0 km of 600 mm diameter at Z220 per m,
4.3 km of 400 mm diameter at Z120 per m.

Distribution networks are planned to cover all areas of the city by
1987. The networks will probably be designed for house connections in
every zone except Blight Heights and part of Railville, where public
standpipes are indicated as the appropriate initial standard for
service. Designs of these networks have not yet been completed but
their extent and costs are estimated as follows:

Upper Residential 580 ha @ Z3,000/ha
Lower Residential 500 ha @ Z5,000/ha
Railville 150 ha @ Z8,000/ha
Blight Heights 280 ha @ Z3,000/ha
Extra Zones 260 ha @ Z5,000/ha
Total 1,770 ha

Final designs of the reservoirs, transmission pipelines, and
distribution network extensions required for the project are underway in
conjunction with the detailed study of the existing and future water
distribution system within Port City. A computer model has been built
and is being verified at present. It will be used to analyze
alternative improvements in order to determine the most cost-effective
system.

With the large expansion of the distribution system, many new
connections will have to be provided during the project. It is expected
that some 37,000 new connections will be installed in the project period
1984-86 (in addition to the estimated 8,000 connections to be installed
in the Immediate Improvement Project). PCWSC may not have enough staff
for this and so it should consider licensing local plumbers and

contractors to provide the connections. Water meters for these new
connections, plus replacements for existing meters, need to be
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purchased, an estimated 50,000 in total. The average cost of a new

connection is taken as Z70, and that for a new meter is Z25.

Approximately 150 new standpipes should be installed in addition to the

110 under the IIP. The meter shop will have to be enlarged, and new

equipment installed to lhandle these increased numbers.

Operation and maintenance facilities and equipment are required to

enable PCWSC to manage its operations more effectively. These items,
which will be reviewed in greater detail in the months ahead,

provisionally include:

Extensions to headquarters building Z1.0 million
Workshop expansions and equipment ZO.3 million

Meter shop ZO.2 million
Vehicles ZO.4 million

Equipment spares (rmeters, valves, etc) ZO.6 million
Total Z2.5 million

4.C SANITATION COMPONENTS

The sanitation facilities to be built in the project period 1984-86

have an estimated total cost of Z30.9 million (mid-1981 prices) in

accordance with the cost estimate presented in Table P4.2. The

construction schedule is shown in Figure P4-1, and the elements of the
project are discussed briefly hereafter.

The precise numbers of sanitation facilities of different types to

be built can only be delermined when the comprehensive survey of present

water use and sanitation practices, now underway (Section 2.A), is

completed. Nevertheless, preliminary estimates of the project
components can be provided now.

4.C.1 On-Site Systems

On-site systems of sanitation capable of handling excreta but not

sullage will be used only in low income areas in the Lower Residential,
Railville, Blight Heights, and Extra Zones where people are not expected

to be able to afford private water connections. As previously
explained, both VIP latrines and pour-flush toilets (Figures P3-5 and

P3-3, respectively) are technically acceptable. Estimated unit costs

for the below ground components are Z85 for the VIP latrine and ZIIO for

the pour-flush toilet. Better data on unit costs should result from the
prototype construction of several trial units planned in the months

ahead. For the purpose of defining the project, it is assumed that the

sanitation authority will be responsible for financing and constructing

the below ground components of VIP latrines and pour-flush toilets.

Some 15,000 VIP latrines and pour-flush toilets will be required,

tentatively 7,500 of each.
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Table P4.2 PRELIMINARY COST ESTIMATE OF SANITATION 0CMPONENT

Local Foreign Total
------ Z million ------

On-Site Systems
New VIP latrines 0.65 0.10 0.75
New Pour-flush toilets 0.65 0.10 0.75

Upgrading Existing Septic Tanks and
Cesspits 2.05 0.20 2.25

Sub-total: On-Site Systems 3.35 0.40 3.75

Off-Site Systems
Connections to Existing Sewers 3.10 0.80 3.90
Small Bore Sewer System 3.75 0.95 4.70
Interceptor Sewers 4.10 1.40 5.50

New Treatment Plant at Hog's Bay
Land 2.00 - 2.00
Stabilization Ponds 2.50 0.50 3.00
Public Toilets 0.55 0.05 0.60

Sub-total: Off-Site Systems 16.00 3.70 19.70

0 & M Facilities and Equipment 0.10 0.20 0.30

Sub-total 19.45 4.30 23.75

Consulting Services 0.60 0.60 1.20
Physical Contingencies 4.85 1.10 5.95

TOTAL 24.90 6.00 30.90

Note: All costs in mid-1981 prices. Costs of on-site systems

associated with new residences receiving water connections are
part of development costs of owners and are not included in
project.

Thousands of cesspits and septic tanks already exist throughout

Port City, but most are not working satisfactorily (Section 2.J). The
project tentatively includes the upgrading of some 2,500 septic tanks

and 10,000 cesspits at a common average cost of Z180 per unit.

New cesspits, septic tanks, and pour-flush toilets with soakaways
will be necessary during the project period for some 17,000 properties

that will have new water connections but will be unable to connect to
the conventional or small bore sewer systems. These are conventionally
regarded as part of the cost of new housing, and are therefore excluded
from the project costs (see Section 4.F).
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The new and upgraded on-site systems required during the project
period are listed in Table P4.3.

Table P4.3 ON-SITE SANITATION SYSTEMS TO BE INSTALLED
DURING 1984 - 1986

System Number Location

VIP latrine 7,500 Railville, Blight Heights,
Extra Zones

Pour-flush toilet 7,500 Railville, Blight Heights,
Extra Zones

Pour-flush toilet with
sullage soakaway 3,600 Lower Residential, Extra Zones

Cesspits: upgraded 10,000 Lower Residential
new 1,700 Lower Residential

Septic Tanks: upgraded 2,500 Lower Residential
new 11,600 Upper Residential, Lower

Residential, Extra Zones

4.1C.2 Off-Site Systeus

Three types of off-site sanitation systems are included in the
project: major improvements in the existing system of conventional
sewers and wastewater treatment, construction of a new system of small
bore sewers, and more public toilets.

The strategic plan. determined that conventional sewers generally do
not warrant expansion in residential areas because other technically
acceptable alternatives are less expensive. The major commercial area
in Port City is already served. However, much better use should be made
of the existing sewers, which presently serve only 65% of the residents
living in the covered areas. Some 4,000 new connections are expected to
be made in the IIP, in addition to the 24,300 connections existing in
1980. Approximately L3,000 additional conventional sewer connections
are feasible during the project period, particularly if PCWSC can make
arrangements to provide a loan to residents to cover the costs of these
connections, estimated to average Z300 per property.

Remedial work is Underway at the existing Meanthyme Treatment Plant
under the lIP, but the strategic plan calls for its replacement as soon
as possible by the new Hog's Bay Treatment Plant. The first stage of
this stabilization pond system, to cater for wastewater flows until the
year 1990, will comprise roughly 140 ha of anaerobic, facultative,
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maturation, and polishing ponds to be built on the proposed site north

of of the city boundary. Figure P3-11 provides an outline of the plant
layout for the project period and also for conditions expected in the

year 2000. The one ha sludge lagoons being constructed in the IIP will
be expanded to two ha in the project. Treated effluent would be

released to the North River as it enters the harbour. Digested and
dried sludge would be trucked away for use as a soil conditioner or

landfill. The treated effluent might possibly be used for irrigation in
the future, but the necessary pumping and conveyance facilities for this

purpose are not included in the project.

Estimated construction costs for the the first stage of the
treatment plant are based on earthmoving costs for road construction in

Optima as there is little comparable experience with stabilization ponds
of this scale. The necessary type of construction is not complex, but
unit costs are nevertheless estimated conservatively high.

The first portion of the small bore sewer system that will
eventually serve much of Port City will be built in the project period.
The area to be covered by the system will be selected in detail during
the feasibility study but will, in principle, be limited to serve about
600 ha (Section 3.C.2.2). The initial system will be installed in the
priority area covering about 500 ha in the northwest section of the
Lower Residential zone and some 100 ha in a contiguous area in
Railville (Figure P3-7). Approximately 240,000 people will be served,

15% of them in the area already served by the water distribution system
and the remainder in that part of the city where the water network will
be extended in the project period.

Existing septic tanks and cesspits can be converted to interceptor
tanks. Properties presently lacking such on-site systems will need new
interceptor tanks. Based on a preliminary design for a portion of this
area, it appears that small bore sewers, including interceptor tanks,
can be installed at an average cost of about Z9,000 per hectare.

The proposed treatment plant at Hog's Bay would be connected to the
existing conventional, and the proposed small bore sewers by a new
interceptor sewer running along Main Street from the site of the present
Meanthyme Treatment Plant. The sewer is estimated to be 2000 mm in
diameter and 7.0 km long. Another interceptor sewer, tentatively 500 mm
diameter and 2.0 km long, would be needed between the proposed small
bore sewers serving Railville and the new treatment plant. These
interceptor sewers, which are shown in Figure P3-12, will have to be
completed before the new treatment plant can be used.

Approximately 25 public toilets, each serving 1,000 people, will be
built in the project period in areas frequented by transient visitors

(such as public markets, the harbour area, etc.), and where the most
recent immigrants to Port City first settle (as they may lack the
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incentive or funds to construct their own private sanitation). Specific

locations will be planned during the feasibility study. The existing
standard unit (Figure P2-22) should be modified to improve its utility

and maintenance. An improved design is presented in Figure P3-6.

Two of the existing private wastewater treatment plants will be
connected to the sewer systems, and a third will be upgraded by the

owner, with technical assistance from PCWSC (section 3.C.2.3).

4.C.3 Support Activities

Household hygiene and environmental quality in the lower income
areas is especially poor, and the cause of continuing spread of

communicable diseases in these areas. Water and sanitation improvements
wi-Ll need to be accompanied by parallel improvements in personal and

public hygiene. A hygiene-oriented campaign should be mounted during
the project. A longer term more permanent upgrading of hygiene
education through the health centres, and the primary school system
should also be established.

Support will be required for implementation of on-site systems in

the lowest income areas in order to motivate householders to participate
actively in the insta:Llation of VIP latrines and pour-flush toilets.

Act'ivities required include an intensive survey, raising community
awaireness and motivation, technology demonstration, and organizational
improvements. The people to be provided with the small bore sewer
system in the Lower Residential and Railville areas will need to be

fu:Lly and accurately informed of the project, its benefits, and
implications before they can be expected to participate willingly.
Sormewhat different promotional activities are needed to increase the
rate of connections being made to existing street sewers in the Middle
Residential area. Experience being gained in the IIP will be helpful in
this regard.

These support act:ivities are tnot strictly technology oriented.

They will require a multidisciplinary approach and will likely involve
the use of expertise which is now external to PCWSC.

4.D INSTITUTIONAL ARRANGEMENTS

4.D).1 Implementation

PCWSC is the principal agency involved in water supply and

sanitation in Port City. It has the mandate to implement most elements
of the proposed project. But there are two components of the project

for which PCWSC is not responsible under present arrangements.
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The Ministry of Health (MOH) has nominal responsibility for village

water supply and sanitation facilities in the North River valley.
Arrangements can probably be made on an ad hoc basis for suitable
cooperation between MOH and PCWSC for the proposed village water and
sanitation scheme, a relatively small component of the project.

MOH is also responsible for on-site sanitation systems within Port
City. This situation requires considerable attention. MOH lacks the
resources (both staff and money) to be actively involved in implementing
on-site sanitation systems. It has little knowledge about the existing
and future water supply systems. It lacks the engineering orientation
and resources of PCWSC. It has no means to recover costs from
beneficiaries of improved sanitation services.

Implementation of the sanitation component of the project will
therefore be extremely difficult under the present institutional
arrangements. It is tentatively recommended that means be found to
involve PCWSC in all aspects of all sanitation systems in Port City:
planning, design, construction, operation, and maintenance. Such an
arrangement would greatly improve public health conditions and the
physical environment in Port City, particularly if PCWSC could recover
costs from sanitation systems, and so have sufficient resources to
expand its activities effectively. Management consultants are presently
reviewing the institutional arrangements and will provide comprehensive
recommendations as part of the feasibility study.

It may be necessary to prepare new legislation to enable PCWSC to
become responsible for all sanitation systems in Port City. Another
option would be for MOH to delegate certain aspects of its mandate for
sanitation to PCWSC, perhaps a simpler procedure. These questions, and
the associated financial implications, will be the subject of more
intensive analysis before the Feasibility Report is completed.

In order to ensure that households to be supplied with water
connections first install acceptable on-site sanitation systems (if they
are outside the sewered areas) which can later be converted into small
bore sewer interceptor tanks, PCWSC may need to be empowered to deny
water connections to buildings whose sanitation systems do not meet
certain standards. New regulations may be necessary for this.

Project implementation will depend upon PCWSC being able to develop
the North River Wellfield scheme and the Hog's Bay Treatment Plant, both
of which lie entirely outside the boundaries of Port City. PCWSC
previously built and now operates the Heritage dam on the Wrong River,
outside the city boundary, and so precedent exists. The Commission
should nevertheless begin to examine the administrative procedures which
may be required in order to construct project facilities which lie
outside Port City.
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The existing organLzational structure of PCWSC is shown on
Figure P2-8. The Project Director of this study is the Chief of the
Planning Division in the Technical Services Department. The normal
practice within PCWSC is to have approved projects implemented by the
Design, Construction, and Procurement Division in the same department.
This appears to be a suitable arrangement for the proposed project, but
the very large scale of the project may require certain changes to be
made in existing PCWSC procedures. It is also clear that extensive
assistance will be required, as the present staff in the projects office
consists of only six engineers and 24 technicians. While PCWSC will
have to expand the staff in this department modestly, most of the extra

work could be assigned to properly qualified consultants.

4.D.2 Operation and Maintenance

Within Port City, PCWSC has been operating and maintaining the
public water supply system and sewerage since its creation as an agency
in 1955. Its predecessor organizations have been involved in this work
since tne first public facilities began operating in 1905 (water supply)

and 1925 (sewers). PCWSC can be expected to continue to perform these
functions with the expanded system, including the facilities of the

project, although these additional responsibilities will require changes
in the organization. Management consultants will report on suggested
improvements as part of the Feasibility Report.

New arrangements are required to improve the maintenance of the

on-site sanitation systems within Port City as PCWSC has no

responsibilities for such systems at present. This important topic,
obviously related to the manner in which construction is managed, is
being studied and proposals will be made in the Feasibility Report.

The Ministry of Health is expected to retain responsibility for
maintenance asisstance of village water supply and sanitation facilities
proposed for the North River Valley. Residents in the villages will be
the operators of the individual facilities.

4.E FINANCIAL ASPECTS

There are two principal financial issues: how to pay for the

capital costs of the project so that it can be implemented, and how
PCWSC can generate sufficient revenues to meet recurring costs and
possibly a portion of the capital costs. The project financing plan is
discussed after a review of the capital costs. Recurrent costs and

alternative tariffs are discussed afterwards.
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4.E.1 Capital Costs

Tables P4.1 and P4.2 indicate that the water supply and sanitation

components of the proposed project are estimated to cost Z62.7 million

and Z30.9 million, respectively, in mid-1981 prices. The project

construction schedule (Figure P4-1) indicates that contractors will
begin work in 1984 and finish in 1986. The actual costs of the

completed project will depend on price increases in the years ahead.

For the purpose of estimating the final costs of the project, and

hence the total amount of financing which is necessary, annual inflation

rates of 10% are assumed for 1981 to 1983, and 9% thereafter.

Capital costs of the project were estimated on an annual basis, in

accordance with the construction schedule, and are summarized in

Table P4.4. The final cost of the project is expected to total
Z137.0 million in current prices, excluding interest during

construction.

Table P4.4 ESTIMATED PROJECT COSTS ON ANNUAL BASIS

1983 1984 1985 1986 Total
------------ Z million …_____

Water Supply Component 0.3 7.8 38.4 16.2 62.7

Sanitation Component 2.0 4.0 14.9 10.0 30.9

Sub-total (mid-1981 prices) 2.3 11.8 53.3 26.2 93.6

Price Increases 0.5 3.9 24.0 15.0 43.4

Total (current prices) 2.8 15.7 77.3 41.2 137.0

Total project costs are summarized in terms of local and foreign

exchange components in Table P4.5, which indicates the estimated foreign
exchange component at Z59.3 million or 43.3% of the total costs. The

foreign exchange portion of the sanitation component is relatively low
(19% compared to 55% for the water supply component) because the great

part of the material and labour required for sanitation is locally
available in Optima.
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Table P4.5 SUMMARY OF ESTIMATED PROJECT COSTS

Local Foreign Total
------ Z million ------

Water Supply Component
City wells 0.2 0.6 0.8
North River Wellfield Scheme 2.6 6.6 9.2
Pipeline from Wellfield to city 3.6 8.4 12.0
Reservoirs 6.0 2.0 8.0
Transmission pipelines 1.8 2.8 4.6

Distribution networks and connections 6.2 4.9 11.1
O&H facilities and equipment 1.2 1.3 2.5

Water Supply Sub-total 21.6 26.6 48.2

Sanitation Component
On-site systems and public toilets 3.9 0.5 4.4
Connections to existing sewers 3.1 0.8 3.9
Sm,all bore sewerage 3.8 0.9 4.7
Interceptor sewers 4.1 1.4 5.5
Trieatment plants 4.5 0.5 5.0
O&H facilities and equipment 0.1 0.2 0.3

Sanitation Sub-total 19.5 4.3 23.8

Sub-total, Water Supply plus Sanitation 41.1 30.9 72.0

Consultants 1.8 1.8 3.6
Physical Contingencies 10.2 7.8 18.0

Sub-total (mid-1981 prices) 53.1 40.5 93.6

Price Increases 24.6 18.8 43.4

Total (current prices) 77.7 59.3 137.0

The total project costs, equivalent to Z1O per capita for the
presenit population of Port City or about Z3 per capita per year during
the construction period, cover major expansions of both the water supply
and sanitation systems. The water source expansion and wastewater
treatment plant are expected to provide sufficient capacity through at
least 1990, following which additiona1 major expenditures will be
required. Total capital expenditures for all urban infrastructure in

Port City are expected to average Z12 per capita in the period
1981-1990, according to the review of the long term urban development
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plan (Section 2.C) recently completed by Port City's planning

department. These figures suggest that the project should be feasible

from the perspective of urban finances in Port City.

Total budgetary allocations for water supply and sanitation

throughout Optima are expected to average Z240 million annually in the
Fourth Plan Period, 1981-85 (See Annex P1). The Port City project

expenditures average Z35 million annually in the three years 1984-86,

representing about 15% of national planned investments for the sector in

those years. Port City's population is 7% of the national total and

sector planners allow for unit costs for these services in the urban

areas which are twice the unit costs for serving rural residents. These

figures indicate that the project costs for Port City are not

unreasonable from the perspective of the national sector.

4.E.2 Financing Plan

PCWSC will have to obtain extensive financial assistance in order

to implement the project. There are basically four alternative sources

of finance:

a) Funds generated internally by PCWSC
Unfortunately the Commission's financial position has

deteriorated rapidly since 1979, operating income falling

from Z3.2 million in 1979 to Z2.6 million in 1981. Even

with a 50% increase in tariffs it is unlikely that PCWSC

could generate mre than 20% of the required capital during

the project period.

b) Consumer contributions
PCWSC expects its consumers to pay fees for the installation

of new water and sewer connections which broadly cover the

capital costs. Thus, the element of project costs

representing new connections is offset by equivalent

contributions from the consumers.

c) Funds provided by the government
The Port City project has high national priority, and

funding is included in the Fourth National Plan (1981-85).

d) Funds provided by external sources

Because the project has high priority, the National Planning
Agency has indicated that PCWSC can expect financial

assistance from one or more international development

agencies. The Immediate Improvement Project is expected to

be supported by the Productivia Agency for International
Development (PAID). Several bilateral and multilateral

agencies contacted informally in the course of this study
have indicated a willingness to consider providing loans.
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In general these would be for foreign exchange costs,
although some agencies may consider financing some local
costs. The advantage of these international agency loans is
their long term and relatively low interest rate.

At this stage, it is not possible to provide specific proposals for
financing the project. Nevertheless, a very tentative financing plan,
including the IIP and interest during construction, is presented in
Table P4.6, showing loans of Z75 million from two or more international
sources (PAID is expected to be one). Interest to be paid during the
construction period on loans for the project is included on the
assumption that all loans have the same terms of 12% interest repayable
over 15 years. This will be more fully developed in the financial
analyEsis in the Feasibility Report.

Table P4.6 TENTATIVE PCWSC FINANCING PLAN
FOR 1983-86 PROJECT PERIOD

Amount % of
(Z million) Total

Requiirements

lIP 9.7 6
Project 137.0 85
Capitalized Interest 14.3 9

161.0 100
Sources

PCWSC - Internally Generated Funds 40.0 25
Consumer Contributions 5.0 3
Government of Optima 40.0 25
International Sources 75.0 47

161.0 100

It should be pointed out that the proposed project has various
separable components which individual international agencies might wish
to consider financing. The development of the North River Wellfield,
for example, involves the wells, pipeline, and Creektop terminal
reservoir, items whose costs (including price increases) are expected to
total some Z48 million, of which at least 50% represents the foreign
exchange component. The small bore sewer system and new treatment plant
each cost some Z9 million (including price increases). Both items may
be of possible interest to bilateral development agencies willing to
fund local as well as foreign exchange costs.
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4.E.3 Recurrent Costs

The additional annual recurrent costs associated with operating and
maintaining the proposed project are roughly estimated at 5 percent of
the capital costs, or about Z7 million per year. More refined estimates
will be presented in the Feasibility Report.

PCWSC will also have to continue to fund the operation and
maintenance of the present system, which amounted to a total of
Z14.5 million in 1980 and will need to be increased in the future to
provide higher maintenance standards and to meet inflation. Thus, PCWSC
can anticipate recurrent costs totalling at least Z25 million annually
from 1987 onwards, after the project becomes operational.

To these costs must also be added the cost of servicing any debt
associated with the proposed project. For example, if PCWSC were to
borrow Z100 million (75% of the project's capital cost), annual debt
service would be Z15 million if the loan were at 12% interest with
repayment over 15 years.

4.E.4 Future Tariffs

Unless PCWSC expects to receive a perpetual subsidy from the
government, which is not permitted under the Commission's legislation
and is not a policy endorsed by either the Board or the government,
future recurrent costs (including O&M charges and debt service) and a
portion of future capital expenditures will have to be met from
tariffs. This implies setting and collecting charges for services which
may be considerably higher than at present.

PCWSC tariffs in 1980, which have been unchanged since 1974, were
as follows:

Water Supply ZO.25 per m3 for domestic consumers
Sewerage ZO.08 per m3 of water sold

These tariffs produced cash income totalling Z19.2 million in
1980. Water sales that year totalled 164,100 m3 per average day. By
1987, after the project is operational, water sales are projected to
total 273,100 m3 per average day or more than 50% greater than in 1980.
If a total average charge of ZO.50 were collected for water and
sanitation services from all PCWSC consumers, revenues would total
Z49.8 million for the year, roughly 250% of the 1980 income. These
crude calculations simply indicate that increases in the tariff and
volume of water sold should be capable of producing sufficient income to
meet all of PCWSC's recurrent expenses as well as a portion of its
future capital requirements.
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The Feasibility Report will include comprehensive financial

projections, including an evaluation of alternative tariff structures
and levels. It will also investigate the possibilities of methods of

charging for either or both of water and sanitation other than tariffs
e.g. flat rates, property tax surcharges, etc.

4.F RELATED PROGRAM COMPONENTS

The project described in this chapter does not include certain

activities which are required concurrently to achieve the objective of
improving water and sanitation services. These several additional

components are now discussed separately.

4.F.1 Internal Plumbing

Water supply costs in the project include connections up to
property boundaries, but exclude the plumbing from the property boundary
to the house and within the house. Such costs, which will vary widely
depending on housing location and standards, will be borne by the
property owner.

Similarly, wastewater plumbing costs within the house would be
additional to the costs in the project.

4.F.2 On-Site Sanitation Costs and Financing

Buildings not connected to sewers will have to provide suitable

sanitation facilities at the property owner's expense before a water
supply will be provided by PCWSC. Approximately 17,000 on-site

sanitation facilities will have to be built in this manner in the
project period (Section 3.B.3). Some 70% of these facilities are
expected to be septic tanks (mainly in the Upper Residential and Extra
Zones) and the rest pour-flush toilets with sullage soakaways and

cesspits. Local sources of credit may have to be provided to less
affluent consumers to help them meet these one-time costs which are

estimated to total Z27 million. In addition, about ZO.5 million will
have to be spent by low income residents to construct superstructures
for the 15,000 pour-flush toilets and VIPs to be installed.

4.F.3 Financing for Sewer Connections

PCWSC believes that the costs for new connections to existing
sewers (averaging Z300) inhibit some consumers. The Commission is
therefore considering a program in cooperation with local banks to
provide loans for this purpose, using surcharges on the water bill for

loan repayment. The experience gained with the connection promotion
program recommended for the IIP should be helpful in determining the
need for this.
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4.G SOCIAL AND UVIRONEHrAL IMPACTS

The project will result in improved water supply and sanitation
services which should provide significant social and environmental
benefits, particularly in terms of improved health levels and reduction
in water pollution. No impacts are anticipated which could jeopardize
the feasibility of the project.

The feasibility study will examine the various impacts with a view
to refining the project so as to maximize positive impacts and minimize
negative ones during the construction and operation stages of the
project. Topics already identified as warranting further attention
include:

a) Potential social and environmental disruption in the North
River Valley while constructing the wellfield and
associated pumping and transmission facilities. Long term
benefits from improvements in village water supply and
sanitation systems should offset the short term impacts of
construction activities;

b) Employment impacts for water vendors due to improvements in
services provided by PCWSC. Prospects will be examined for
providing alternative work for any people whose jobs are
threatened by the project; and

c) The treatment plant at Hog's Bay. Some 140 ha of marshland
would be converted to stabilization ponds. Potential
negative impacts will be minimized, including the reduction
of marshland habitat for local and migrating fauna and the
potential for providing habitat for undesirable vectors
such as mosquitoes.
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Chapter Five
COCMLUSIONS AND UCO0IENDATIONS

5.A CONCLUSIONS

Port City's water supply and sanitation systems have not kept pace
with its residential and industrial development. Water supply shortages
have increased continuously since about 1975 and now jeopardize further
economic development as well as create serious problems for residents.

Sanitation planning in the past has focused primarily on conven-
tional sewerage. However, high costs have retarded the development of
sewerage; only about 20% of Port City's residents were served by sewers
in 1980. Of the various other sanitation systems used, only 75% of
septic tanks and 35% of cesspits have performed acceptably and only
where properly maintained. Thus, the majority of Port City's residents
today lack access to adequate sanitation.

Port City's population is expected to double from 1.4 million in
1980 to 2.8 million by the year 2000, creating extensive additional
demands for sector services.

Alternative programs of water supply and sanitation development
have been considered through the year 2000. For water supply, the best
strategy is to:

- immediately alleviate deficiencies in the existing system
and reduce total requirements for additional water sources
by reducing unaccounted-for water from 48% of water
production in 1980 to not more than 35% by 2000 (steps to
do this are now underway as part of the UP);

- develop two major new water sources, first the North River
Wellfield, followed by the Large River scheme; and

- expand and reinforce the water distribution system within
Port City, including storage reservoirs.

For the sanitation systems, the recommended strategic plan for the
nexit 20 years involves measures to:

- immediately improve and utilize the existing facilities,
including the conventional sewers, to which new connections
should be made where possible (this is now being done under
the IIP);

- install an extensive network of small bore sewers,
including on-property interceptor tanks (utilizing existing
septic tanks and cesspits where possible), so wastewater is
removed from all households with water connections by
conventional or small bore sewers by the year 2000;
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- provide meanwhile acceptable on-site sanitation for
households with water connections outside the sewered
areas;

- develop a new treatment plant north of the city, including
a new interceptor sewer to the site, whose effluent could
be either reused or disposed of to the sea; and

- provide improved on-site sanitation for all households
without water connections.

A major project for Port City, for which loans of Z75 million could
be sought from one or mDre international development agencies, could be
implemented in the period 1984-86.

The proposed project for Port City, estimated to cost a total of
Z137 million when built, consists of the priority elements of the
strategic plan and would dramatically improve water supply and
sanitation services by 1987. Water shortages would be eliminated, and
all residents would have access to safe and dependable water. The water
supply project components include the development of the North River
Wellfield scheme and major extensions to the distribution system within
the city, including network expansions covering some 1770 ha.

The sanitation component accounts for only 33% of total project
costs, while providing improvements in service standards to even more
people than the water supply component. Small bore sewers are targeted
for only a 600 ha area of the Lower Residential and Railville zones for
the project period in order to prove their technical feasibility in Port
City before their widespread introduction by the year 2000.

PCWSC must improve the operations and maintenance of its present
systems. The proposed project includes facilities and consulting
services in this regard.

If the project is not implemented, the water supply and sanitation
situation in Port City will have deteriorated seriously by 1987. Water
shortages may affect all consumers and further impede the development of
industry in the city. Without major sanitation improvements, public
health conditions will worsen in the lower income zones, the continued
pollution of groundwater will in turn further restrict water supply, and
the pollution in the harbour will rise to unacceptable levels. The city
will become increasingly obnoxious and unsanitary if its population
expands but its water supply and sanitation systems are not improved and
augmented.

5.B ISSUES AND RISKS

The proposed Port City project is large, complex, and in many
respects quite innovative, particularly its sanitation component.
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Anticipated benefits cannot be achieved as projected unless a variety of

risks are recognized and measures taken to minimize them. There are

several major issues.

The first issue concerns the need to integrate the planning and

implementation of all water supply and sanitation systems. In the past,

PCWSC has been primarily concerned with water supply; sewerage has

received only a small proportion of the utility's human and financial

resources. Other forms of sanitation have been the responsibility of

the financially strained Ministry of Health and have not concerned

PCWSC. This may partly account for their relatively poor condition. It

is clear that sanitation problems of Port City cannot be satisfactorily

resolved until a single agency is responsible for this matter. PCWSC is

the logical choice for this responsibility because of its present role

in lwater supply and sewerage. However, such an expansion of PCWSC's

responsibilities may require a revised legislative and regulatory

framework for the sector, plus major changes in the agency's finances,

management, and personnel. Without such fundamental changes, the

project probably cannot succeed.

A second issue is the widespread introduction of a number of

sanitation technologies new to the Port City region area. While

extensive supporting programs are proposed to facilitate their

introduction, there may be difficulties in view of the extensive scale

of new technologies proposed.

A third issue is the need to acquire land outside the city

necessary for the proposed North River Wellfield scheme and the Hog's

Bay Wastewater Treatment Plant. Appropriate steps must be taken to

purchase the necessary land without delaying project construction.

Acquiring access for reservoir sites and routes for water pipelines

within Port City are more routine questions for PCWSC for which
pre,cedents exist.

A fourth issue is the project cost estimates. These are

necessarily subject to variation at this stage because of the very

preliminary nature of the designs on which they are based. They are

believed accurate to within 25%. The proposed project is believed to be

sound in principle and definitely superior to alternatives which were

considered and rejected when preparing the development program to the

year 2000. Further analysis in the Feasibility Report will confirm that

the proposed project is technically feasible and represents least cost

solutions.

An issue related to project costs is its financing. Funds cannot

be generated by PCWSC unless tariffs rise significantly in the short

term. Ministry of Finance approval is required. Financing from the

government and from one or more international agencies need to be

confirmed by 1983 at the latest if delays in project implementation are
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to be avoided. If there are significant delays, the actual costs will
increase, due to inflation, and revenues from the sale of services will
be lower than projected.

No particular risks are foreseen for project implementation in the
squatter area of Railville, where there will be land tenure and there
are reasonably strong community leadership networks. Difficulties may
well arise, however, in the poorly organized area of Blight Heights,
especially because of the absence of land tenure.

Routine risks associated with the Port City project are typical of
those for any large project and include the possibility of problems in
obtaining the formal approvals needed at different stages, such as:

- water rights;
- environmental approvals, including wastewater treatment

standards;
- building permits;
- transportation interruptions for pipeline and sewer

construction; and
- importation of equipment and materials from abroad.

Such risks will be minimized by proper planning and management as the
project proceeds.

5 .C RECOHMENDED ACTIONS

The Steering Committee is asked to review this report and provide
comments and instructions for further work by May 15, 1982.

The Government should provide this Pre-feasibility Report to
international development agencies as part of its continuing dialogue in
order to obtain loans to help to implement the Port City project.

The Government and PCWSC should take steps to modify the existing
legislative and regulatory framework for sanitation systems within Port
City, to make PCWSC responsible for planning and supervising all such
systems well before the project is implemented. PCWSC should now
augment its staff where necessary to help it meet these increased
responsibilities.

PCWSC should:

a) request MWD approval for the proposed North River Wellfield
scheme;
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b) continue to improve its maps of the existing water supply
and sewerage sysitems as the basis for further design work;

c) continue to monitor water quality at its own and private
wells in cooperation with MWD and the Ministry of Health;
and

d) let contracts for the final design work necessary for the
first year of project implementation to avoid a hiatus
between the Feasibility Report's approval and project
implementation.

The consultant intends to carry out the following activities as
part: of the program for completion of the feasibility study:

- field surveys and detailed designs for the principal
components of the water supply and sanitation components of
the project;

- test pumping at the North River Wellfield;
- modelling of the aquifer to refine the design of the
proposed wells;

- preparation and calibration of a model of the water supply
distribution system within Port City as a basis for
improvements in the present system and the detailed design
of future extensions and reinforcements;

- construction and demonstration of examples of improved
water supply andl sanitation systems including water supply
standpipes, Ventilated Improved Pit latrines, Pour-flush
toilets, and public toilets;

- completion of 0.3% survey of households' water and
sanitation
facilities and practices;

- collaboration with local authorities and citizens' groups
to explain and improve prototype sanitation systems and to
prepare for their widespread introduction;

- detailed review of existing institutional arrangements and
recommendations for improvements, with particular emphasis
on PCWSC organization and staffing; and

- financial analysis, including PCWSC tariffs and
comprehensive financial projectsions on an annual basis
through the year 1981.

The draft version of the Feasibility Report is scheduled to be
presented within eight months from the date of this Pre-feasibility
Report, that is by December 1982. The final report should be completed
two months later. As noted above, design work should begin soon on
those components of the project that will be implemented in its first
year in order to avoid the loss of time between completion and approval
of the Feasibility Report and the first stages of implementation.
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OPTTIA' S WATER SUPPLY AN SANITATION SECrOR

A. OOUNfRY BACKGROUND

The country of Optima covers an area of approximately 234,000 km2
and has a population of 20 million. Mostly landlocked, it has a narrow
coastal strip in the southwest containing Port City, the country's
commercial center and second largest city. The largest city and the
seat of government is Capital City in the northeast, some 450 km from
Port City.

The country has three natural regions, delineated by the Green
Mountains which run roughly parallel to the coastline in the west. The
regions comprise three provinces: (1) the Northeast Highlands,
(2) Western Province (including the coastal zone), and (3) the Central
Plain. Optima has a tropical climate, which remains unusually stable
from mDnth to mDnth. Mean annual temperatures are about 27°C at sea
level and 20°C at Capital City in the Northeast Highlands.

Optima has an agricultural economy. An estimated 40% of the land
area is considered arable in terms of slopes and soils. At present only
some 31%, or 73,000 km2, of the land is under cultivation, mostly on the
fertile central plain and some to the immediate north and east of Port
City in Western Province.

The latest census (1980) indicated a population of 20.0 million
people and a growth rate since 1970 of 2.4% per annum. Approximately
15.3% of the population live in three cities of 100,000 or more
inhabitants. Capital City has a population of about 1,500,000; Port
City, 1,405,000; and Centreville, 145,000. The population distribution
for 1980 is summarized in Table PA1.1:

Table PA1.1 OPTIMA: POPULATION DISTRIBUTION, 1980

Population Centres Number Population % of Total
(000)

Cities (more than 100,000) 3 3,050 15.3
Towns (5,000 to 100,000) 21 850 4.3
Villages (less than 5,000) 7,700 13,700 68.5
Hamlets and Isolated
Families 3,300 2,400 12.0
Total 20,000 100.0

Source: National Statistical Office.
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In Optima the urban population is defined as those in the towns and

cities with populations exceeding 5,000. There has been much more rapid
growth in the urban than in the rural population, as Table PA1.2
illustrates:

Table PA1.2 OPTIMA: URBAN AND RURAL POPULATION, 1970 - 80

1970 1980 1970-80

Number % of Number % of Average Annual
(000) total (000) total Growth Rate

(Z)
Urban Residents 2,740 17.0 3,900 19.5 3.7

(cities and towns)
Rural Residents 13,360 83.0 16,100 80.5 2.1

(villages, hamlets and
isolated families)

Total 16,100 100.0 20,000 100.0 2.4

Source: National Statistical Office.

Optima has a federal and three provincial governments, each with an
assembly and an executive. Large towns (those above about 30,000
people) have elected local authorities and town councils. Smaller towns
and the villages have traditional governing councils whose origins date
back hundreds of years. Water and sanitation services are the responsi-

bility of the federal government throughout Optima, except in the three
largest cities where special authorities have been established.
Provincial governments are not involved in water and sanitation
services.

B. ECONOMIC AND HEALTH INDICATORS

Table PA1.3 presents the Gross Domestic Product (GDP) by sector for

1970, 1975 and 1980. Overall economic growth over the decade was
broadly based, with a very fast expansion of industry. GDP grew at 4.2%
per annum on average.

The agricultural sector's importance in the economy fell relative
to that of industry. The share of GDP in constant prices originating in
industry rose from about 11% in 1970 to 16% in 1980. However, compari-
sons of GDP shares tend to understate the importance of agriculture,
which still produces over 70% of Optima's exports, employs over 80% of
the labour force, and provides the inputs to the large share of manufac-
turing constituted by agricultural processing.
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Table PA1.3 OPTIMA: GROSS DOMESTIC PRODUCT BY SECTOR, 1970-80
(constant 1970 prices)

Distribution (percentage) Annual Growth Rates

1970 1975 1980 1970-75 1975-80

Agriculture 35.3 33.0 31.9 2.1 2.0
Mining, quarrying 0.2 0.2 0.2 1.3 1.1
Manufacturing 11.1 13.0 15.9 8.6 9.7
Construction 2.0 1.9 2.1 1.7 4.2
Electricity,
water supply 0.7 1.4 1.6 8.3 11.1

Transport,
communications 4.8 6.4 6.6 7.5 8.1

Trade 17.7 17.2 16.9 4.4 4.7
Tourism 5.2 6.3 6.8 8.2 8.7
Financial

services 1.8 2.6 2.6 10.1 8.3
Ownership of
dwellings 5.3 5.3 5.3 3.6 3.7

Public administra-
tion, defence 8.1 4.8 3.9 7.1 6.9

Other services 8.0 7.9 6.2 7.0 7.2

Gross Domestic
Product 100.0 100.0 100.0 4.6 4.5

Sources: National Planning Agency and Bank of Optima

Agricultural estates produce sugar, bananas, beef, and cotton for
export, and small farmers grow rice, maize, and millet as staples for
domestic consumption, together with some vegetables. Although Optima
has reduced its dependence on sugar exports, sugar remains the largest
single export commodity and the critical determinant of foreign exchange
earnings.

Mining has been relatively unimportant, contributing less than one
percent of both GNP and employment. It is concentrated in the Northeast
Highlands where there are deposits of lead, tin, and antimony. Nickel
deposits are also found in the Central Plain; development has begun, but
output has yet to be produced. There is active exploration for uranium
and petroleum, so far without success.
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As noted, manufacturing has grown more rapidly then agriculture in

recent years, and its share in the national economy increased throughout

the 11970s. Almost all manufacturing is located in the Port City and

Capital City areas. Production is heavily concentrated in consumer
goods (especially food processing, textiles, and clothing), and Optima

must iLmport almost all its capital goods requirementso Two thirds of
industrial workers are involved in cottage industries where value added

per worker is only one fifth the level in large industries.

lourism is an important - and growing - industry with excellent

prospects because of Optimna's climate and proximity to Europe and the

recent upgrading of the Capital City International Airport. Other
service industries are essentially stagnant, though thne strvice sector

employs the most people after agriculture.

Income per capita Ln 1980 was Z320, up from Z292 in 1975.

Population growth offset ithe 4.2% GNP growth rate to produce an annual

growth rate in per capita income of 1.9%. This has not benefitted the
population evenly as it has been concentrated in estate agriculture,

large scale manufacturing, and tourism.

Optima has a high rate of unemployment, officially 15%, but in

realilty it is considerably more because of disguised unemployment in the

agricultural and services sectors. Unemployment and a dual wage
structure - much higher wages in mining and manufacturing than in

agriculture and services -- are important factors in generating a skewed

distrLbution of income. In agriculture, 2% of the farms (the big
estates) account for 45% of the arable land while about 2.2 million
farmers, with less than 2.5 ha each, farm the hilly and less fertile

areas.

Urban income distribution data exLst only for the three large
citieis of Capital City, Port City, and Centreville (Table PA1.4).

lHousehold sizes are large, averaging about nine persons in the

urban areas and about 13 in the rural areas, because many generations
live together under one roof. There is as yet no official poverty datum

line in Optima but researchers in the Department of Social Studies at
the University of Optima estimated that an urban family of aine required

Z2700 (Z300 per capita) in 1980 to maintain a minimum existence of 2500

calories per day plus essential non-food items. On this basis, at least

15% of the urban poor are below the poverty threshold, and probably more
as family sizes tend to be inversely related to incomes. No reliable

data exist on rural poverty; it is clearly widespread and a major

contributor to rapid urbanization. Living standards vary widely across

the country, with Western Province the most affluent region

(Table PA1.5).
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Table PA1.4 OPTIMA: INCOME DISTRIBUTION IN THREE LARGE CITIES, 1978

Annual Household
Income Level (Z) % of Urban Households, 1978

0 - 2,000 3
2,001 - 3,000 12
3,001 - 4,000 52
4,001 - 10,000 28
10,001 and above 7

Source: Susan Smith, "Social and Economic Conditions Among Low
Income Groups in Optima's Major Cities," unpublished
doctoral dissertation, University of Optima, 1979.

Table PA1.5 OPTIMA: POPULATION AND GNP PER CAPITA BY PROVINCE, 1980

Province Population GNP per capita
million % of total Z X of national

average

Western 8.6 43.0 400 125
Northeast Highlands 4.2 21.0 380 90
Central Plain 7.2 36.0 240 75

Optima 20.0 100.0 320 100

Sources: National Statistical Office and National Planning Agency.

Mortality and morbidity statistics in Optima vary in quality. The
federal Ministry of Health aggregates provincial data and the results of
specific epidemiological studies to produce order-of-magnitude
statistics which can be used to analyze the causes of morbidity and
mortality in very broad terms. Infant mDrtality declined from 95 per
1000 live births in 1957 to 85 in 1977. Water-related diseases are very
common, especially in Western Province and the Northeast Highlands.
Gastro-enteritis is the principal one, accounting for about 21% of
external consultations and 5Z of deaths (Table PA1.6). It causes about
25% of all infant deaths.
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Table PA1 .6 OPTIMA: MK)RBIDITY AND MDRTALITY OF GASTRO-INTESTINAL
DISEASES BY PROVINCE, 1978

Province Total Number of % of Total Deaths X of
number of diagnosed Total Deaths from Total
consul- gastro- gastro-
tations intestinal intestinal
(million) cases diseases

(million)

Western 3.5 a/ 0.7 20 323,500 19,300 6
Northeast
Highlands 0.6 0.2 33 103,800 8,200 8
Central Plain 1.1 0.2 10 173,400 6,900 4

Optima 5.2 1.1 21 600,700 34,400 5

Note: a/ Most medical facilities (hence most consultations) are in

Western Province.

Source: Ministry of Health.

Caution is necessary in interpreting these data, however.
Statistics from the less populated Northeast Highlands are not very
reliable. Morbidity data based on external consultations tend to
understate true morbidity as medical assistance is accessible to so few
Optimans (except in Western Province where most medical facilities are

located). Finally, the mortality of diarrheal diseases is concentrated
among infants and elderly people. The impact of unsatisfactory water

supplies and sanitation may be underestimated because diagnosis is
difficult and frequently carried out by medical assistants rather than
physicians. They may not attribute deaths caused by unsanitary
conditions to the primary underlying reason but instead to the ultimate

cause of death, such as pneumonia or respiratory disease.

The existing health system consists of 21 hospitals in the cities
and towns and about 1400 health centres and medical aid posts scattered

throughout the country, together with a number of dispensaries. The
system provides a total of some 38,000 beds. The numbers of medical

staff are summarized in Table PA1.7. Some 75% of the 1,060 physicians
are located in the three major cities: Capital City, Port City and
Jentreville.
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Table PA1.7 OPTIMA: HEALTH SERVICE INDICES, 1978

Total Number Per 100,000 People

Physicians 1,060 5.3
Licensed Nurses 2,670 13.3
Auxiliary Nurses 5,120 25.6
Hospital & Clinic Beds 38,000 190

Source: Ministry of Health

C. WATER RESOURCES AND CONTROL

Optima's water resources were considered in detail by the Ministry
of Water Development's 1978 report entitled "Water Resources of Republic
of Optima: An Overview." Precipitation varies considerably throughout
Optima. In the Green Mountains the average annual precipitation reaches
400 cm while on the interior plains there are some areas with less than
50 cm annually. Western Province receives the most rain, with the
average annual precipitation of 120 cm at Port City being represen-
tative. Most precipitation falls in two seasons: the "small rains"
from February to April and the "long rains" from August to November.

The Green Mountains divide Optima into two parts, one draining to
the west and one to the east. The drainage area of the individual
rivers draining the western slopes is relatively small. In the
foothills, where dams and reservoirs might be constructed, the drainage
areas are even smaller, typically between 65 and 150 km2. These limited
catchment areas, as well as the variability of runoff, contribute to the
problem of water resources development in the west. Water resources in
the Port City this region are discussed in more detail in Annex P2.

The watersheds on the eastern side of the Green Mountains have
larger catchment areas and flows, despite the less intensive precipi-
tation in this region. These eastern rivers show distinct seasonal
patterns, and dry season flows can be less than 20% of average flows.
However, there are reasonable opportunities for storage reservoirs, and
two have already been built: the President Maximus multi-purpose scheme
(hydro, irrigation, and urban water supply) east of Capital City and the
Freedom irrigation project for the Central Plain.

Continuous records of flows on most rivers began systematically in
1955. About 75 stream gauging stations have been operated at various
times. Records for only about 15 widely spaced stations span the entire
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period since 1955. The remainder have been maintained for only a few

years or parts of years. Fortunately, the fragmentary records overlap

segments of the long records and permit correlations to be developed.

Many of the fragmentary records were reactivated in 1974 and 1975, so

continuous records are available for most rivers over the past five

years, including one of the most critical drought periods in recent

history.

Droughts appear to occur, on the average, once in ten years.

Recorded ones have been in 1956-57, 1966-67, and 1978-79. Although

knowledge of sub-normaL streamflows is available only since 1955,

rainfall records extending back to the early part of this century

indicate that there were droughts in each previous decade.

Records of evaporation from a standard class A pan have been

collected at 11 stations in Optima. There is wide variation in mean

annual totals, from 112 cm near the coast to a maximum of 160 cm inland.

Sheet and gully erosion in the mountainous drainage basins in

OptiLma is a serious problem, which may limit the usefulness of storage

reservoirs. The steep topography, plus the increasing activities of

man, do not permit vegetation to be effective in retaining the soil

cover in most catchment areas. There are two basic causes of the severe

erosion. First, cleared land is cultivated for crops without terracing,

con'tour plowing, or strip planting. Second, unstable debris dams form

in steep canyons during floods and eventually break, releasing

destructive waves of water and debris. No data are available on the

actual concentration of sediments in most rivers, apart from the few

actually used for supplying potable water.

The importance of groundwater in contributing to the solution of

water supply problems has been increasingly recognized in recent years.

The best known groundwat:er sources are in Western Province, not far from

Port City, where the geologic formations are mainly Tertiary limestones

and Quaternary alluvial deposits. The limestones have been divided into

two principal groups, the White limestones (middle Eocene to Miocene)

and the underlying Yellow limestones (also Eocene). Very little is

known about the groundwater resources in the Central Plain and Northeast

Highlands.

Water resources data, including records of precipitation,

evaporation, and streamflow, are now collected by the Ministry of Water

Development. The data are being computerized, but are presently

available only in annual publications (the most recent is for 1979) or

by application to the Ministry for specific data.



- 214 - Port City Project
Pre-Feasibility Report
Annex PI
Page 9 of 19

The basic legislation concerning the utilization of water resources
is the Water Resources Act of 1968. This act and its regulations are
currently administered by the Ministry of Water Development. Developers
of surface water resources are required to obtain a licence for any
abstraction in excess of 100 m3/day.

At present there is no legislation concerning groundwater use, but
draft legislation and regulations are being prepared under a UNDP/FAO
project.

The Water Pollution Control Act of 1976 and associated regulations
lay down stringent requirements to prevent the pollution of inland and
coastal waters. They are patterned on comparable legislation for more
developed countries. However, the Ministry of Environment currently
lacks the staff and resources to administer this legislation
effectively.

D. SKCrOR ORGNIZATION AIND DEVELOPMENTS

The principal agencies involved in urban water supply are:

a) Capital City Water Authority (CCWA), an autonomous
organization responsible for water supply and sewerage in
the metropolitan Capital City area;

b) Port City Water and Sewerage Commission (PCWSC) which has
statutory responsibility to provide water supply and
sewerage within the boundaries of Port City; and

c) the Ministry of Water Development which is responsible
for water supplies to all other urban areas (that is
Centreville and the 21 towns with populations exceeding
5,000).

In the rural areas, water supply is the responsibility of the
Ministry of Health. Each of the agencies providing piped water systems
monitors the quality, with the Ministry of Health in nominal overall
control.

Responsibility for sewerage rests with CCWA and PCWSC in the two
major cities. The Sanitation Division of the Ministry of Health is
nominally responsible for excreta disposal and other sanitation systems
in Capital City, Port City, and Centreville (which has no sewerage),
in all other towns, and in the rural areas. In practice the Ministry's
limited staff (20 engineers and 35 technicians in the Division) are
unable to do more than provide technical assistance when requested and
implement small sanitation projects for urban communities and villages.
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All sector investments must be approved by the National Planning

Agency which prepares Optima's five year development plans and

establishes sectoral priorities. The Fourth National Plan for 1981-85

is now being implemented and the Fifth National Plan will be published
in 1985.

It is government policy that the users of water and sanitation

services, as of other public services, should play a role in their

design, operation, and maintenance. It is also government policy that

users should be charged according to the water they consume, except that

very low income citizens may receive free a basic amount necessary to

meet minimal health standards. At present, however, these policies are

not fully in effect. Water users do not influence investment and

operation decisions. Water tariffs, though different in the various

regions, do not entirely reflect the amount or cost of water consumed.

Metering is often inadequate, and operations and maintenance costs are

barely met from revenues. As a result, they are subsidized from the

national budget.

E. PRESEK! SERVICE COVERAGE AND STANDARDS: WATER SUPPLY

Some 2.9 million people, about 74% of the urban population, have

access to piped water through house connections or standpipes. Piped

water supply service in Capital City extends to about 73% of its

population of 1.5 million, through some 180,000 connections. However,

about 80% of the service area suffers from low pressure and in some

parts of the system, lack of water is experienced for several hours or

even days at a time. An ongoing project, currently estimated to cost

Z12CI million, partly financed by the Regional Development Bank, will

increase water production by 600,000 m
3/day, provide piped service to

95% of the population, and meet demands up to about 1985.

The second largest urban centre, Port City, has about 94% of its

population served with water from the public system (house connections,

standpipes, and vendors using standpipes), and the rest from private

wells. However, shortages have worsened each year since 1975 with

severe shortages in the dry season. The water supply situation in Port

City is further discussed in Annex P3.

Centreville and 15 other urban communities outside Capital City and

Port City have piped water supply systems, operated and maintained by
the Ministry of Water Development. Centreville's system serves 93,000

people (64% of its population). The other systems serve some 315,000

people, roughly 39% of the total population of the 15 communities. In

general, the quality of service is reported to be satisfactory for this

minority of the urban population who have piped water. Water is usually
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provided on a 24 hour basis, and pressures are adequate. About 85% of
the plants use surface water, treated under normal processes. In many
of the communities, however, leak detection programs are urgently needed
as unaccounted-for water is high, typically 50% of the water produced at
source.

Six small towns with a total population of 45,000 lack piped water
systems. Their residents rely on local streams, springs, and shallow
wells for their water supply, all of which have been developed
privately. The Ministry of Water Development intends to construct piped
water supplies for these six towns in the Fourth Plan Period (1981-85).

About one third of the urban residents not served by piped water
systems use improved on-site systems, such as shallow or deep wells,
protected springs, and rainwater catchments, all developed privately.
The remainder rely on traditional sources, such as rivers, lakes and
springs, or on water carried from distant sources.

In the rural areas, government policy is to provide small piped
systems for villages over 3,000 people. There are roughly 1,100 such
villages with a total population of 4.4 million. The Ministry of Health
has built village water systems, which serve approximately 0.7 million
residents. In most cases, the source is local surface water, treated
and often pumped, and the supply is intermittent. At the time of the
Ministry of Health/WHO Rapid Assessment in 1979, 24% of the systems were
not in operation. Many people prefer free rain water, and so some
plants are shut down in the rainy seasons. Operation and maintenance of
the plants is the responsibility of the villages, but they generally
lack trained personnel. Maintenance of water treatment plants is
particularly poor. About a quarter of the remaining residents of the
larger villages have access to improved point sources.

It is hard to estimate how many of the total population of
11.7 million in the 8,300 smaller villages (less than 3,000 people each)
benefit from improved water supply. The Ministry of Health has provided
some 8,000 point sources of water in some 3,500 villages, usually
shallow wells with hand pumps, including some 700 deep wells with
engine-driveu pumps. At the time of the Rapid Assessment, an estimated
40% of the hand pumps and 60% of the deep well pumps were not in
operation.

Ministry of Health technicians provide technical assistance to help
villagers build their own water supplies. In humid regions
(particularly Western Province), this involves storage tanks to utilize
rainwater from the roofs of their houses. The Ministry of Health
estimates thaL roughly 20,000 rainwater tanks and 5,000 shallow wells
have been built by rural residents under these arrangements. These



- 217 - Port City Project
Pre-Feasibility Report
Annex Pl
Page 12 of 19

facilities probably serve about 1.2 million people. Those rural

resLdents without access to improved water supplies obtain their water
from local sources, such as rivers, lakes, and springs.

The estimated availability of water supplies throughout Optima is

presented in Table PA1.8.

Table PA1.8 OPTIMA: ESTIMATED WATER SUPPLY AVAILABILITY, 1980

Water Supply System _

Population Piped Improved Unimproved-
Point Source

(million) % of population served

Urban 3.9 61 13 26

Rural 16.1 4 25 71

Total 20.0 15 23 62

Sources: Table PA1.2 and consultant's estimates.

F. PRESENT SERVICE COVERAGE AND STANDARDS: SANITATION

Only five cities in Optima have any sewer system. In Capital City,

about 27% of the population is served by sewers, and in Port City, about

18Z;. Much lower proportions are served in Centreville, Farmville and

Greentown. Most people in these cities, as in all other urban areas,

use on-site disposal systems, principally cesspits and septic tanks, and

also pit latrines. In general, these on-site systems are poorly

maintained and do not function effectively. In most urban areas - where

soils are not sufficiently permeable or where very large quantities of

wastewater are produced - there are local problems of odor and the

overflow of foul water Lnto surface drainage. Local groundwater quality
is believed to be adversely affected by cess pits and effluent pooling,

but few data are available.

Sanitation standards in the rural. areas vary considerably, and data

are not available on the various methods used for waste disposal. Less

than half of the population has access to improved sanitation systems;
the majority use their local environment for disposing directly of body

and household wastes. Most improved sanitation is provided through pit

latrines.
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For the past ten years, Ministry of Health personnel have provided
hygiene education and technical assistance concerning personal sanita-
tion in selected villages. Standard designs have been developed for dry
disposal systems (ventilated improved pit latrines) and for pour flush
toilets with absorption pits, but statistics are unavailable on the
numbers constructed. Health workers have observed that acceptance and
utilization of these improved systems has been greatest near the larger
centers, particularly those where promotion efforts have concentrated on
primary schools. (Annex P5 contains brief descriptions of alternative
sanitation systems.)

Although reliable statistics are lacking, informed opinion suggests
that access to sanitation systems is broad, as shown in Table PA1.9.

Table PA1.9 OPTIMA: ESTIMATED SANITATION SYSTEMS AVAILABLE, 1980

Sanitation System
Population Sewerage Improved Unimproved

on-site

(million) % of Population served

Urban 3.9 20 29 51
Rural 16.1 -- 13 87
Total 20.0 4 16 80

Sources: Table PA1.2 and consultant's estimates.

G. SERVICE GOALS

Both the Second (1971-75) and the Third (1976-80) Five-Year Plans
contained water supply and sanitation goals. By 1980, 45% of the
population was targeted to have safe water and 30% to have adequate
sanitation. Actual achievements by 1980 were about 38% and 20%
(Tables PA1.8 and PA1.9). Lack of trained manpower, shortage of funds,
poor project management, and inadequate maintenance of existing systems
are mainly responsible for these shortfalls.

Optima has adopted the goals of the International Drinking Water
Supply and Sanitation Decade. The government recognizes that it may be
impossible to provide the entire population with basic water and
sanitation services by 1990, but it intends to work toward that target.
This will require both the provision of services to those now without
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water and sanitation and the continuation and improvement of present

service to those already served. The Fifth Plan, covering the period
1986-90, will be published in 1985 and will include specific water

supply and sanitation targets to be attained by the completion of the
Decade.

As an interim goal, to coincide with the end of the Fourth Plan

(1981-85), the government intends to provide 58% of the population with
access to safe water and 43% with adequate sanitation. These goals for

1985 are explained in more detail in Tables PA1.10 and PA1.11.

Table PA1.10 OPTIMA: WATER SUPPLY GOALS FOR 1985

Estimated Percentage to be Served by:
Population Piped Improved Unimproved
(million) Water Point Sources

Urban 4.7 66 19 15
Rural 17.7 10 40 50
Total 22.4 22 36 42

Source: National Planning Agency estimates.

Table PA.11 OPTIMA: SANITATION GOALS FOR 1985

Estimated Percentage to be Served by:
Population Sewerage Improved Unimproved
(million) On-site

Urban 4.7 24 51 25

Rural 17.7 -- 35 65
Total 22.4 5 38 57

Source: National Planning Agency estimates.

These 1985 goals are translated into the number of people to be

served by the various water supply and sanitation systems in
Table PA1.12.

If these 1985 goals are to be met, the foregoing table indicates

that 1.8 million people have to be provided with piped water supplies
and 3.5 million with improved point sources in the next five years. In

terms of sanitation, the goals mean sewerage for an additional
0.3 million (only in the cities) and improved on-site facilities for

5.4 million people by 1985.
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Table PA1.12 OPTIMA: POPULATION IMPLICATIONS OF 1985 SECTOR GOALS

System 1980 Population 1985 Target Increase
Served Population Served 1980-85

(million) (million) (million)
Urban Rural Urban Rural Urban Rural Total

Water Supply
Piped 2.4 0.7 3.1 1.8 0.7 1.1 1.8
Improved point
sources 0.5 4.0 0.9 7.1 0.4 3.1 3.5

Unimproved 1.0 11.4 0.7 8.8 (0.3) (2.6) (2.9)
Total 3.9 16.1 4.7 17.7 0.8 1.6 2.4

Sanitation
Sewerage 0.8 - 1.1 - 0.3 - 0.3
Improved
on-site 1.1 2.1 2.4 6.2 1.3 4.1 5.4
Unimproved 2.0 14.0 1.2 11.5 (0.8) (2.5) (3.3)
Total 3.9 16.1 4.7 17.7 0.8 1.6 2.4

Sources: National Planning Agency, Ministry of Health and
consultant's estimates.

R. STAFF TRAINING AND PUBLIC EDUCATION

No complete listing of water supply and sanitation sector employees
has ever been drawn up, principally because of the large number of
agencies involved. The Rapid Assessment estimated the number in various
categories for 1970 and 1978 and compared them with the projected
manpower needs for 1990 if Optima is to have all its population covered
with piped water and adequate sanitation by that date (Table PA1.13).

The number of professionals dropped significantly between 1970 and
1978. This trend has continued since 1976, though no precise data are
available, and represents a severe handicap to further sectoral develop-
ments. Already, it has resulted in problems in implementing existing
projects. The dropping numbers represent the various agencies'
inability to pay competitive salaries, with the result that technically
trained employees are shifting to higher paying jobs, often in the
private sector. At the same time, the average age of those
professionals who do remain increases each year and the institutions run
considerable risks in not keeping up with technical, administrative, and
commercial progress. There is also a problem of overstaffing at the
unskilled worker level in both Capital City and Port City as in several
government departments.
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Table PA1.13 OPTIMA,: WATER SUPPLY MANPOWER ESTIMATES, 1970-90

1970 1978 1990

Technical Professionals 670 530 1,800

'rechnicians 1,410 1,440 3,000

Workers 11,030 17,700 30,000

Sub-total: technical staff 13,110 19,670 51,000

Administrative staff 9,590 14,190 17,000

Total 22,700 33,860 68,000

Source: Ministry of liealth, "Rapid Assessment Report on Water

Supply and Sanitation Sector in Optima," September 1979.

The regional office of the World Health Organization has drawn up a

tentative training program to reverse the decline in professionals and

technicians by utilizing the existing educational institutions in the

country: the University of Optima, the Port City Technical College, the

Civil Service College, and the National Productivity and Technology

Centre. Continuous training programs are envisaged, yet no financing

has 'been provided. The government has not yet announced any plan to

produce the numbers of professional and sub-professional personnel

expected to be needed by 1990. Also, there are no plans to provide

training for the very large number of skilled technical and

administrative workers required in the future. In fact, shortages of

such workers are already a major constraint in the sector.

A major gap in the Rapid Assessment and in the WHO training

projections is their I'ailure to examine the sanitation manpower

implications. It is beyond our terms of reference to provide national

estimates, but we shall consider manpower requirements in the Port City

area later in the Feasibility Report.

The population of Optima is expected to welcome improved water

supply systems, though for many people, especially those with limited

education, there is no clear understanding of the linkage between

improved water and health. Improved hygiene education programs will

thus be necessary. Much more extensive public education will be needed

if sanitation services are to be appreciated, improved, and maintained.

No pLan exists for these education programs at present.
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I. FINAHCIML IMPLICATIONS

Reliable data are lacking on the total investments in the water
supply and sanitation sector in Optima. Budget allocations for the
Second, Third, and Fourth Plan periods are shown in Table PA1.14,
together with actual expenditures during the first two. These exclude
internally generated funds from municipal agencies in Capital City and
Port City, contributions from local communities and on-site costs
incurred by householders.

Table PA1.14 OPTIMA: WATER SUPPLY AND SANITATION BUDGET ALLOCATIONS,
1971-85

Second Plan Third Plan Fourth Plan
(1971-75) (1976-80) (1981-85)

target actual target actual target
……Z--------- Z million ------ …------------

Water 350 394 500 366 700
Sanitation 100 98 200 148 500
Total 450 492 700 514 1200

% of national budget 1.5 1.6 1.5 1.2 2.5

Source: National Planning Agency.

Table PA1.12 illustrates that the government's sector goals
(Tables PAl.10 and PA1.11) involve improving water supply service for
4.2 million people in the rural areas and 1.1 million in urban centres
by 1985. In terms of sanitation, the goal is to improve services to
4.1 million rural people and 1.6 million urban dwellers in the same
period. Table PAl-15 indicates that meeting these goals will involve an
investment from all sources during the Fourth Plan period estimated to
total some Z1,520 million. These overall estimates are based on per
capita costs of services projected by the Rapid Assessment, which are
indicated in Table PA1.15. The Ministry of Finance has evaluated these
goals and their financial implications and approved them within the
overall economic context of Optima's development.

Appendix B.1* lists by region all water supply and sanitation
projects underway throughout the country during the previous two plans
i.e. for the period 1970-80. The proportion of the national budget

* Not attached to this copy of the report.
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Table PA1.15 SECTOR INVESTMENTS REQUIRED TO MEET 1985 GOALS

Improvements In Additional Cost per capita Total costs

People to be of improved
served service

(million) Z Z million

Rural Water
Supply 4.2 120 504

Urban Water
Supply 1.1 250 275

Rural Sanitation 4.1 100 410

Urban Sanitation 1.6 200 320
1,509

allocated to water supply and sanitation has been increased substan-

tially for the Fourth Plan period (from 1.5% to 2.5%) to reflect the

government's commitment to achieving the goals of the International

Drinking Water Supply and Sanitation Decade. Adequate financing of

these investments has not yet been assured though a major effort is

underway to raise funds from international and bilateral lending

agencies. The government hopes to raise 30% of the necessary investment

funds from external sources.

J. SECTOR INVESrMKENT PRIORITIES

While projects for rural people will require the bulk of the

sector's investments, the largest single projects will still be those in

the urban areas, especially Capital City and Port City. A Master Plan

and feasibility study were prepared in 1980 for a project for Capital

City. Construction is now underway and the water supply and sanitation

project is expected to be operational by 1984.

In Port City an Immediate Improvement Project is just getting

underway and it is fully expected that the current pre-feasibility and

feasibility studies wilL lead to a major investment project. The

Government attaches very high priority to improving services in Port

City for several reasons:

a) The city contains the country's principal port, produces

one third of the nation's industrial output and is

expanding faster than the rest of the economy. Port City

has been endorsed as a national growth centre but

employment opportunities are jeopardized by lack of water

for industrial expansion and residential consumption;
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b) Sanitation standards are dangerously low and aggravated by
the continuing densification in Port City. Major
improvements are required for health and environmental
reasons; and

c) Port City has always been one of Optima's most progressive
centres. It is known that improvements in sector services
there will be replicated in other towns and villages which
look to Port City for leadership and which are the original
homes of many of Port City's newer residents.

The Ministry of Water Development is implementing a program for
Optima's other towns, intended to serve 85% of the urban population with
water by 1985.

The Government plans to concentrate on water supply and sanitation
projects in the rural areas by strengthening existing agencies. Several
bilateral aid agencies and UNICEF have already expressed willingness to
help finance these sources in the rural areas. Under the Fourth
National Plan, the Ministry of Health is implementing a program to reach
50% of the rural population with water and 35% with improved sanitation
by 1985.

K. INVOLVEMURT OF INTERNATIONAL AGENCIES

Appendix B.2* lists all the projects involving international
agencies in Optima's water and sanitation sector in the last ten years.
The principal agencies have been the Regional Development Bank, the
World Health Organization, UNICEF, and a number of bilateral agencies
and private charities in Europe and North America. Aproximately 27% of
all sector investments in the last decade have been externally financed,
totalling approximately Z260 million during the Second and Third Plan
periods (1971-1980).

* Not attached to this copy of the report.
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WATER RESOURCES IN THE PORT CITY REGION

A. IMRODUCTION

The purpose of this annex is to review the water resources in the

Port City region (Figure Pl-1), including those already used by PCWSC,
in order to determine which source should be utilized to increase the

supply of water for Port City.

Apart from visits to various sources and data gathering systems, no
original fieldwork has been undertaken. The principal sources of data
and background information used in preparation of this annex include:

1. "Water Resources of Republic of Optima: An Overview," Ministry of
Water Development, 1978.

2. "Annual Water Resources Data", Ministry of Water Development,
1976-79.

3. "Reconnaissance Report on the Large River as a Water Source for
Port City," PQR Consultants, Stockholm, Sweden for PCWSC, 1968.

4. "Surface Water Resources in the Green Mountains of Optima: A
Reconnaissance Review," Inter-Plan Consulting Group for Productivia
Agency for International Development in conjunction with Ministry

of Water Development, 1979.

5. "Assessment of Groundwater Conditions in Coastal Zone of Western
Province," Water Consultants International for Ministry of Water
Development, 1980.

6. "Constraints to Further Irrigation Developments in Sugar County,"
(draft), Ministry of Agriculture, February, 1980.

B. REGIONAL CONTEr AND WATER RESOURCES

The topography of Port City region is shown on Figure P1-1.

B.1 Geology

An appreciation of the geology of the Port City region helps in

understanding the water resources situation. In the Middle Eocene era,
most of the region was gradually submerged beneath the sea, allowing the

formation of extensive limestone deposits which now comprise much of the
ground surface. After sedimentation of White Limestone in the Middle
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Miocene, extensive uplift took place, accompanied by folding, strong
block faulting, and lifting, resulting in the formation of the limestone
hills and plateaus, which seldom exceed 1,000 m in elevation.

The Green Mountains which dominate the Port City region are
composed mainly of limestone. The mountains rise steeply from the sea
to the south of Port City, leaving little flat land except along a
narrow coastal strip and at the mouths of the creeks and rivers. Port
City itself lies on a constantly sloping alluvial plain. To the north
of the city there are larger areas of plains, as the mountains run to
the northeast and are further away from the sea.

The Port City plain is a down faulted area, floored with loose
alluvial and deltaic deposits of Pleistocene Age, providing fertile soil
for agriculture. These deltaic deposits, placed by the action of the
Little River, may exceed 200 m in depth in some locations.

During Plio-Phistocene times, the Little River flowed north around
the northern tip of Lookout Hill, proceeding to the sea via many small
channels, depositing successive layers of sand, gravel, loam, and clay
eroded from the foothills of the Green Mountains.

Sedimentary deposition continued until base level was reached at
point of entry to the plain, following which the Little River changed
its course to flow southwest to the sea through the faulted syncline on
the south side of Lookout Hill.

The North River drains the Green Mountain watersheds northwest of
Port City, forming a major alluvial plain where it exits the pronounced
valley near the site of the Farmville dam, some 7 km east of Farmville
(Figure P1-1). The plains north of Port City, including the area west
and north of Farmville, comprise mainly marine clays and silts. Some
15 km east of Farmville, the river valley opens into a closed basin,
roughly 10 km across, the floor of which is mainly boulders, gravels,
and sands, erosion products deposited by the North River and its
tributaries (including the Peter and Robert Rivers).

B.2 Precipitation

In Port City the precipitation averages 120 cm annually, with some
80% falling in the two rainy seasons (February-April and August-
November), as illustrated in Table PA2.1. In the Green Mountains to the
south and east, the annual precipitation increases with altitude,
reaching more than 400 cm at the summits.

The monsoonal climate of the Optima coast accounts for the two
principal rainy seasons. There is significant variation in the timing
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and extent of the monsoons from year to year. In the driest of 53 years
on record (1948), the total precipitation at Farmville was 69% of the
long term mean and no rainfall was recorded for a period of 125 days
between April and August. Severe droughts have been recorded seven
times since 1927, the most recent of which occurred in 1978.

Very intense precipitation occurs frequently, with violent storms
capable of delivering up to 20 cm of rain over a small area in a 24 hour
period. These high rainfall intensities account for considerable
erosion and local flooding.

Table PA2.1 PORT CITY: AVERAGE ANNUAL PRECIPITATION

Month Precipitation Month Precipitation
(cm) (cm)

January 4.8 July 4.8
February 13.0 August 9.1
March 22.6 September 11.9
April 14.4 October 13.8
May 5.9 November 11.5
June 3.3 December 5.2

Total Year 120.3

Source: Ministry of Water Development records over 53 years
(1927-1980).

B.3 Rivers

The principal rivers in the region are shown on Figure Pl-1, and
their hydrologic characteristics are outlined in Table PA2.2. In this
region, where the terrain is hilly and mountainous, rivers tend to be
relatively short. The small catchment areas and steep slopes cause
great variability in the streamflows. There is considerable erosion in
the headwaters during the rainy season, resulting in turbid water. The
forests in the catchment. areas are continuously being reduced by cutting
for firewood and commetrcial timber; so flow variability is on the
increase, producing higher peak flows and lower dry season flows as the
years go by. The increased erosion caused by reduction of forest cover
causes increased sedimentation downstream and reduced prospects for
vegetation growth in the headwater areas.

The average annual runoff figures in Table PA2.2 considerably
overstate the quantities of water actually available for use. Most of
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Table PA2.2 PORT CITY REGION: HYDROLOGIC DATA FOR RIVERS

Average Annual Average Daily
Runoff Runoff

River Location Drainage Depth Volume Average Driest
Area Year Year

of
(cm) (million Record

(km2) m3) --000 m3/day--

North River Farmville Dam 649 87.1 566.1 1,551 962

Swamp Creek Road to Farmville 6 53.2 3.2 9 na

Wrong River Heritage Dam 92 90.4 83.2 228 132

Little River Water Supply
Intake 51 79.8 40.7 112 43

Large River Middleford 147 122.4 182.5 495 310

Source: Ministry of Water Development

the runoff occurs in the rainy season. The dry season flows, those
which could be exploited for water supply purposes, are considerably
less. Recorded flows during the minimum month on record are typically
less than 15% of average flows. Thus, storage is needed to utilize
these rivers for dependable water supply.

The Heritage Dam on the Wrong River was built primarily to supply
water to Port City. The Heritage Reservoir formed by the concrete
gravity dam has a live storage volume of 23 million m3 at a top water
level of 260 m.

The Farmville Dam creates a reservoir on the North River, with a
live storage volume of 135 million m3 at a top water level of 38 m.
This reservoir is utilized primarily for irrigation, but is also used to
supply water to the town of Farmville.

River systems other than those in Table PA2.2 are located further
north and south along the coast. Generally speaking, the northern
rivers are partially utilized or committed for irrigation of agricul-
tural areas, whereas the southern rivers, flowing through less arable
terrain, are hardly exploited. These more distant rivers are of little
relevance to the water supply situation in Port City, and so are not
discussed further.
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B.4 Groundwater

Groundwater is abundant in the coastal plain and river valleys in

two distinct aquifers. The upper aquifer comprises mainly alluvium, to
depths of up to 60 m, and produces wells which typically yield up to

5,000 m3 daily. Considerable storage is believed to exist in the
alluvial aquifer beneath Port City and in the North River Valley,
upstream of Farmville. However, the alluvial aquifer beneath Port City
is of limited interest for water supply because:

a) the recharge area is limited in extent and steeply sloping,

and the watershed is increasingly permeable due to
continuing urbanization. The theoretical recharge is only
about 25% greater than the amount estimated to be pumped at
present, mainly from the PCWSC wells and also from wells of
private households in the high level zones and industrial
concerns near the coast.

b) water quality in the aquifer is jeopardized by the recharge

from on-site sanitation systems. Nitrate levels have
become excessive in some wells within Port City, and
bacteriological contamination is a constant concern. The
water quality is worst in the upper part of the aquifer,
which is also the most accessible (shallowest depths of
water) and most utilized.

The limestone aquifer underlying the alluvium contains water at

depth. The recharge areas for this limestone aquifer are believed to be
mainly in the mountains and valleys to the east, but little reliable

data exist. Springs from the limestone aquifer occur commonly at the
edges of the valleys and provide natural water sources, as well as

contributing significantly to river flows in the dry season. In the

valley of the North River, the limestone is bounded by a much less
permeable and geologically older rock formation which creates a sill
across the river in the vicinity of the confluence of the Peter and

North Rivers. This sill prevents groundwater from flowing out of the
basin except in river flows on the surface. This major groundwater
aquifer in the upstream valleys is referred to as the North basin. It
is estimated that some 60% of the base flows of the North River are due

to groundwater contributions from the North basin.

PCWSC has 12 Town Wells in the alluvium and 14 New Wells in the
limestone north of the city. There are also roughly 5,300 private wells

used for urban water supply in the region. Further information on these
wells is provided in Annex P3.
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Whereas surface water resources are systematically measured and
analyzed by the Ministry of Water Development, information on
groundwater is less comprehensive. Regulations require all well
drillers to maintain and submit drilling logs for MWD, and a collection
of these logs is available. However, the data are sporadic and not
analyzed systematically. Hence, any evaluation of a potential
groundwater source usually requires supplementary efforts in terms of
field measurements in order to provide a reliable assessment.

C. PATTERNS OF WATER UTILIZATION

C.1 Irrigation

The largest water user in the region is irrigation, mainly on the
Farmville plain to the north of Port City. More than 21,000 ha are
irrigated, with water requirements totalling 328 million m3/year, as
summarized in Table PA2.3. The North River Irrigation Authority (NRIA)
irrigates a total of 20,800 ha (primarily growing sugar cane and also
some vegetables). The estimated water requirements of NRIA total
320 million m3/year, of which some 62% is provided from the Farmville
Reservoir, created by a low dam across the North River east of
Farmville.

Table PA2.3 PORT CITY REGION: WATER USE FOR IRRIGATION, 1980

Irrigation Scheme Approximate Water Source Water Used
and Owner Area (ha) (million m3/year)

Surface Water

Farmville - NRIA 13,000 North River 200
(Farmville
Reservoir)

Groundwater

Farmville - NRIA 7,800 Local wells 120
Market gardens north of Local wells
Port City (private) 400 near North 6

River
Residents of Port City 100 Local Wells 2

Sub-total 8,300 128

Total 21,300 328

Sources: NRIA, Ministry of Water Development; Consultant's estimates
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The Farmville Dam was built in 1955, mainly to provide irrigation

water, but also to provide up to 10,000 m
3/day for the town of

Farmville. The NRIA water license permits the abstraction of up to

560 P000 m3/day from the North River during the irrigation season.

However the extensive system of irrigation canals has the capacity to

deliLver 50% more water than this minimum flow; so additional flows are
diverted when sufficient water is available in the river.

The remainder of about 120 million m3/year required for irrigation

around Farmville is obtained locally from groundwater, primarily from
the wells in the irrigated areas which utilize the limestone aquifer.

The extent of the NRIA irrigation estates in the Farmville area is

shown on the regional land use map (Figure P2-1). NRIA would like to

expand the irrigation scheme to the north, where good land is available,

but surface water is unavailable there and groundwater is limited. An

internal study by the Ministry of Agriculture in 1980 concluded that

water availability is a major constraint to the expansion of irrigation

around Farmville. NRIA is attempting to divert increased quantities of

water from the Farmville! reservoir to the north and maximize the use of

groundwater for irrigation in the area west of Farmville. However, this

strategy has resulted in increasing salinity of wells near the coast due

to the over-pumping and salt water intrusion into the aquifer. Some

400 ha near the coast, south of the Bibi estate centre, have been lost

to irrigation because of these recent salinity problems.

In recent years, private farmers have attempted to irrigate lands

on the north side of the North River where the railroad crosses, south

of the NRIA scheme. Individual farmers are attempting to grow market

crops on marginal lands there to supply the urban population in nearby
Port City. The North River in this area is almost dry in the peak

growing season (due to upstream abstractions by NRIA); so the farmers

have been attempting to use local groundwater. Shallow wells are low

yielding in this area and deeper wells are saline. These water supply

problems have prevented smallholder irrigation schemes in this area from

being successful.

C.2 Urban Water Use

The quantities of water provided for domestic and industrial

purposes, which are summarized in Table PA2.4, are less than 40% of the

water currently used by irrigation in the region.

Roughly 90% of the water used for domestic and industrial purposes

in the region is supplied by the Port City Water and Sewerage Commission

(PGWSC). The sources and facilities of PCWSC are summarized in

Table PA2.5 and are described in further detail in Annex P3.
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Table PA2.4 PORT CITY REGION: DOMESTIC AND INDUSTRIAL WATER USE, 1980

System Average Water Use Water Sources

000 m3/day million
m3/year

Port City Water Supply 312.7 114.1 38% groundwater;
(PCWSC) 50% Wrong River;

12% Little River
Farmville Water Supply 9.2 3.4 16% groundwater;

(MWD) 84% North River
Private Domestic Supplies
Port City 9.1 3.3 Private Wells
Other 2.9 1.1 Private Wells

Private Industrial Supplies
Port City 6.3 2.3 Private Wells
Other 3.7 1.4 Private Wells

Total 343.9 125.6

Source: Ministry of Water Development and PCWSC.

Farmville obtains its water from the Farmville Reservoir on the
Wrong River (limited to 10,000 m3/day) and local wells. Farmville's
water supply is the subject of a separate Pre-feasibility Report which
is being issued in parallel with this report.
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Table PA2.5 PORT CITY WATER SOURCES, 1980

Source Description and Constraints Nominal Capacity
------000 m3 /day---

Little River Unregulated stream directly 35
supplies Railway (capacity
30,000 m3/day) and Southern
Treatment Plants (25,000
m3/day). Overflow storage
in Heights Reservoir also
supplies Railway Plant.
Main constraint is lack of
reliabLe supply from source.

Wrong River Heritage Reservoir can store 140
some 100 days of average
inflow but cannot protect
against series of very dry
years so main constraint is
source capacity. Mountain
Treatment Plant's capacity
totals 200,000 m3/day but
transmission system can only
utilize some 180,000 m3/day.

T'own Wells Aquifer characteristics 40
limit output of eight
remaining wells.

New Wells Equipment problems and weak 120
nesses in transmission pipe-
lines have restricted output
of 12 operable wells in
limestone formations to
about 70% of capacity in
recent years.

Total 335

Source: PCWSC data and Consultant's estimates
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D. WATER RESOURCES ISSUES

The data in Tables PA2.3 and PA2.4 show that consumptive water use
in the Port City and Farmville region in 1980 totalled some
454 million i

3, with irrigation accounting for 72% (328 million m3) and
urban domestic and industrial consumers for 28% (126 million m3).
Roughly 60% (274 million m3) of the total water used was supplied from
surface sources (the North, Wrong, and Little Rivers) and 40% from
groundwater.

Development in the region has resulted in increasing use of water
resources to the point that there are now scarcities in many parts of
the region which are most pronounced in the dry season. Major droughts,
such as the most recent of 1978, result in water shortages for both
agricultural and domestic consumers. There is growing competition for
available water, particularly from the North River and also from
groundwater.

At present, new irrigation developments in the region are arrested
because of water scarcity. In addition, industrial and commercial
growth in the urban areas is constrained by near term water shortages
and uncertainties about future supplies. The regional problem is not
basically a shortage of available water resources but increasing
dependence on already developed water systems, which lack the capacity
to store and transfer water to match the temporal and spatial patterns
of increasing demand.

Limitations in the supply of surface water have caused increasing
reliance on groundwater. Increased pumping from the limestone aquifer
beneath the Farmville plains, mainly for irrigation, is also producing
water quality problems. Current pumping rates, estimated to total about
180 million m3 /year in the Port City and Farmville region, exceed
recharge rates so saline groundwater is intruding from the coast.
Several deep wells within 1 km of the coast already show increasing
salinity and there is concern that the saline front may advance and
further jeopardize irrigation in the Farmville area. Similarly, some
PCWSC wells in Port City are also showing increasing chloride contents.

A different type of water quality issue has arisen in the alluvial
aquifer underlying Port City. Excessive groundwater recharge and
wastewater from soakaway pits in the unsewered areas are believed
responsible for excessive nitrate levels in the groundwater, of concern
to public health authorities in wells used for drinking water because it
is linked to the "blue baby" phenomenon (infantile methemoglobinemia).

The limestone aquifer is also at risk from contamination by
wastewater discharge, particularly in the upper portions of the urban
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region. Wastes entering the solution channels and fissures in the

limestone may rapidly move towards areas where groundwater is extracted
by pumping. However, detailed information on this probable problem is

not available because of the complexities of the limestone formations.

Environmental degradation of surface water resources is also an
issue. Partially treated wastes enter surface drains in Port City and

irrigation canals in the Farmville region. This causes potential health

problems locally. Also, the body of water receiving this pollution,

primarily the harbour, is degraded.

The most significant water resource problems in the Port City
region relate primarily to the variations in supply over the year. Only

a small portion of available resources is used or required, but periods

of peak demand coincide with periods of minimum supply, causing

scarcity. If increasing water requirements are to be met, the basic
choices seem to be to develop additional resources or provide storage;

so seasonal water surpluses can be used during the dry season and in

periods of drought. At the same time, the groundwater used for drinking

water has to be protected from contamination by wastewater.

The possible reuse of wastewater from Port City is another issue
deserving attention. Treatment plant effluent, particularly if the

sewer system is expanded, could be used for crop irrigation or

grourLdwater recharge, to reduce saline intrusion in the coastal

aquifer. These matters will be explored further in the ongoing

feasibility study.

E. ALTERNATIVE FUTURE WATER SOURCES FOR PCWSC

Water shortages have! occurred increasingly in Port City since 1975

as the population has continued to expand. The demand for water is
certainly considerably greater than present supply capabilities and it

is likely to continue to grow. Thus, PCWSC needs to obtain additional
water for its system. This section focuses on possible sources of water

which could be utilized to augment water supplies for the city.

There are three local sources of extra supplies of water: existing
sources, new surface water sources, and new groundwater sources. Each

is d:Lscussed separately. The main existing and potential future sources

of water are shown on Figure P2-9.

E.1 Expansion of Existing PCWSC Sources

The existing sources are described in detail in Annex P3 which

discusses PCWSC's water supply system.
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Existing surface sources, which supplied about 62% of PCWSC's water
in 1980, are fully exploited. The unregulated Little River has an
average runoff of 112,000 m3/day, but this has fallen to as low as
18,000 m3/day during the worst day in the dry season. However, the
nominal reliable flow in the driest month is about 35,000 m3/day. This
erratic supply, combined with the impossibility of storage as there is
no suitable site for a reservoir, rules out any expansion of the Little
River source. Similarly, the Wrong River is fully exploited with the
Heritage Reservoir's capacity of 100 days' flow, representing the
maximum feasible storage.

Existing groundwater sources cannot be expanded much. The Town
Wells' output is limited by the alluvial aquifer characteristics. A
significant increase in their number is unlikely because Port City is so
urbanized that it is difficult to obtain suitable sites. The ground-
water in the vicinity of the existing wells is increasingly polluted
with nitrates and threatened with bacteriological contamination.
Salinity problems at various private wells (though not yet at those
owned by PCWSC) indicate overpumping in the low lying areas near the
coast.

E.2 Potential Sources of Surface Water

There are three principal alternative new surface water sources for
PCWSC: the North River, the Large River, and other mre distant rivers
in the Green Mountains.

Water from the Farmville Reservoir on the North River is already
fully committed to sugar irrigation and, to a much lesser extent, to the
town of Farmville. This source could be exploited for Port City, either
by taking the water now used for irrigation or by increasing the
capacity of the reservoir. The first alternative was raised in our
Technical Memorandum Number 1 of December 1981 to the Advisory
Committee. We were instructed at that time not to consider taking
irrigation water for Port City's drinking water supply. The second
alternative - increasing the Farmville reservoir's capacity by raising
the height of the dam - is not feasible for two reasons. It would be
extremely expensive to relocate the railway and the highway northwest of
Farmville. More importantly, the Ministry of Water Development has
warned against possible leakage from an expanded reservoir into
limestone fissures around the reservoir rim, some of which are visible
above the present water level on the eastern edge of the reservoir.
Preliminary geological investigations confirm this as an unacceptable
technical risk.

Alternative methods for utilizing the water in the Large River for
urban purposes in Port City were examined in the 1979 reconnaissance
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review of surface water resources in the Green Mountains, carried out by
the Inter-Plan Consulting Group for the Productivia Agency for
International Development in conjunction with the Ministry of Water
Development. The Large RLver scheme suggested by the consultants is the
most promising potential surface water scheme in the region, and is

discussed in Section Fl.

Several other rivers in the Green Mountains, all smaller than the
North and Large Rivers, flow to the sea within 100 km of Port City. The
Interplan reconnaissance review indicated that none could provide as
much as 100,000 m3/day for Port City, and that the costs of any scheme

to exploit them would be several times higher per m3 of water than those
of the Large River scheme. Therefore, such schemes do not warrant
further consideration until the feasibility of the Large River scheme
has been confirmed.

In the long term, however, there is a possibility of diverting
water from other river basins into the Large River. This additional
water could be conveyed to Port City through the Large River tunnel and

pipeline by means of a booster pumping station if that scheme is
constructed. Its treatment plant could also be expanded for this later
development.

E.3 Potential Sources of Groundwater

Three potential new sources of groundwater could be exploited by
PCWSC: wells within Port City, wells outside but close to the city, and
wells in the North River Valley upstream of Farmville.

The Ministry of Water Development estimates that some 5,300 private
wells within Port City yield a total of some 15,400 m3/day (60% for

domestic uses and the rest for industries), in addition to PCWSC's Town
Wells which provided 34,000 m3/day in 1980. Private wells in the
region, but outside Port City, are estimated to yield a further
6,600 m3/day (see Table PA2.4).

The further development by PCWSC of major wellfields within Port

City has been considered but rejected because of both quantity and
quality problems. Although the alluvial materials beneath Port City
provide substantial storage for groundwater, recharge is limited by the
catchment area of about 15,000 ha. The theoretical recharge for the
aquifer is estimated to total some 100,000 m3 /day (assuming 20% of
precipitation recharges the aquifer) so existing users are already

withdrawing about half the recharge. As the process of urbanization
covers and paves more of this area, the amount of infiltration is
gradually reduced. Furthermore, the water balance for the aquifer is
already precarious near the coast, with salinity increases common in the
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industrial area. Hence, the Ministry of Water Development has stated
that no continuous groundwater abstractions will be authorized in the
future. While this is not yet legally binding, as legislation governing
groundwater is still being developed for Optima, it is a clear statement
of the Ministry's intentions.

In addition to these water quantity problems, groundwater within
Port City is jeopardized by two problems of water quality: high levels
of nitrates, believed due to recharge by wastewater in unsewered areas,
and salinity due to overpumping in coastal areas. These quality
problems are most pronounced in the lower areas of the town, parallel to
the coast, where the greatest use is made of wells.

Despite these problems, PCWSC believes that development of a few
wells in the central areas of Port City could provide an interim supply
of water of acceptable quality for peak periods without seriously
affecting the overall water balance of the aquifer. Investigations into
this prospect are continuing and might permit the development of a few
wells with a total peak capacity of up to 25,000 m3/day.

Prospects for high yielding wells outside but near Port City in the
hills and mountains to the north and east are poor, based on a 1980
assessment by Water Consultants International for the Ministry of Water
Development and on the results at a few trial wells. Limestone wells to
the west, in the more immediate vicinity of Port City, are already
overpumping this aquifer. The resulting saline intrusion has led the
Ministry to announce its intention to prohibit further wells in the
limestone aquifer.

The best regional prospects for groundwater for Port City lie in
the North River Valley upstream of Farmville. Wells may be feasible in
the gorge upstream of the reservoir, but superior prospects exist in the
alluvial plains further upstream, beginning 15 km northwest of Farmville
and referred to henceforth as the North River Wellfield. The outline of
the scheme to develop the wellfield is presented in Section F2.

F. OUTLINE OF MOST PROKISING ALTERNATIVE SCHEKES FOR NEW WALER SOURCE

F.1 Large River Surface Water Scheme

As noted in Section E2, the Large River is the most promising new
surface source of water for PCWSC. Hydrological data for the Large
River are summarized in Table PA2.6, based on 12 years of flow data
collected through stream gauging at Middleford since 1968 and correlated
with 33 years of flow data (1947-80) available for the Wrong River and
75 years of precipitation data available for the Port City region.
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Table PA2.6 LARGE RIVER: SUMMARY FLOW DATA

(Criteria Flow (m3/day) Remark

Average 495,000 12 years of record

Minimum Month 75,000 Recorded September 1978

Minimum Year 210,000 1977/78

Source: Inter-Plan Consulting Reconnaissance Review, 1979

Less than 5% of the average annual runoff of 181 million m3/year is
presently used by private irrigators in the delta lands near the Blue
Sea. The rest of the water flows to the sea. The Large River could

provide an estimated 150,000 m3/day from unregulated flows and a further
150,000 m3/day, if a storage reservoir were constructed.

A large embankment dam could be built upstream of Middleford to

create a reservoir for water supply purposes. The dam would be rockfill
with a clay core and have a maximum height of 120 m a crest length of

550 m, and an embankment volume of 3.1 million m . The associated
reservoir would have a live storage range of 47 m (166 m to 213 m), a
live storage volume of 100 million m3, a dead storage volume of
15 million m3, and a reservoir area at full supply level of 400 ha. The
reservoir storage of some 200 days of average inflows is estimated to
yield a reliable outflow of 300,000 m3/day, or 60% of the average daily
inflow, (110 million m3!year) based on a simulation of reservoir
operations over 75 years of flow data (generated by correlations with
the Wrong River runoff data and Port City precipitation data).
Provision would be included for release of water for downstream riparian
interests, particularly irrigation.

The proposed scheme is illustrated in Figure P2-10.

The Inter-Plan report proposed a morning glory spillway leading to
two spillway tunnels, each 10 m in diameter and 2.5 km long, but the
question of this type of spillway in an embankment dam should be
reconsidered. The tunnels would be used to divert the Large River
around the damsite during its construction. The water intake would
consist of a vertical tower at the edge of the reservoir with four entry
ports, leading to a 1.8 m diameter steel pipeline.

A water conveyance system 22.4 km long from the Large River
reservoir to Port City would involve a 2,5 m diameter tunnel some 2.9 km
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long and a 1.8 m diameter steel pipeline, 19.5 km long. This system
would terminate at a conventional treatment plant located on Lookout
Hill, at the south edge of the city. The conveyance system and
treatment plant would be designed for a peak flow of 1.5 times the total
average flow, or 450,000 m3/day. Treated water storage equivalent to
6 hours' flow on the average day would be included at the treatment
plant site on Lookout Hill by means of reinforced concrete reservoirs.
The top water level of 115 m in the reservoir would command the coastal
and second pressure zone in the distribution system. The possibility of
building the pipeline in two stages, each 1.3 m in diameter, was
considered but rejected after economic comparisons using discounted
present values of alternative future costs.

The Inter-Plan report suggested that the Large River project could
be built in two stages:

Stage I (Nominal yield: 150,000 m3/day). A low level
diversion weir leading river flows via a conveyance system to
a treatment plant of 225,000 m3/day capacity. Reliable flows
would be restricted to the available unregulated flow, which
could drop to 85,000 m3/day in droughts. Construction would
take three years.

Stage II (Nominal yield: 150,000 m3/day for a total of
7J0T0U00m3/day). Storage would be added by construction of
the dam and intake tower. The Stage I diversion weir would be
abandoned once the reservoir was filled. The treatment plant
capacity would be doubled to 450,000 m3/day. Construction
would take further three years.

F.2 North River Wellfield Scheme

A wellfield in the North River Valley is the most promising new
source of groundwater for PCWSC, as noted in Section E3. The drainage
area of the North River upstream of the wellfield site covers more than
600 km2 and is responsible for virtually all of the average flow of
1,550 ml/day in the North River, equivalent to 566 million m3/year. But
the supply of water from the Farmville Reservoir is already fully
committed and cannot be expanded.

The porous alluvium in the valley plain upstream of Farmville is
known to provide most of the dry season base flow in the North River.
Wells built to supply the railway and a few villages in the area all
produce significant quantities of water at shallow depths (up to 20 m).
A preliminary analysis of the groundwater potential in the North River
Plain completed by Water Consultants International in 1980 concluded
that 200,000 m3/day (73 million m3/year) could be developed by a
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properly designed wellfield. Preliminary analyses, based on estimated
aquifer characteristics and observations of existing wells in the area,
indicate that 10,000 m3/day could be obtained from a typical well,
confirming the previous conclusions on wellfield potential.

These preliminary analyses suggest that the effect of pumping an
average of 200,000 m3/day from the wellfield would be to lower the water
level of the aquifer by up to 4 m during a dry year, with a correspon-
ding reduction in the flows in the North River. Estimates of inflows to
the Farmville Reservoir indicate that the available reservoir storage
would be filled in the February-April rains preceding the main irriga-
tion season in 19 years out of 20, even if the wellfield were developed.
The tentative conclusion is that development of a wellfield of 200,000
m3/day capacity in the North River plains would be possible without
jeopardizing riparian interests along the North River downstream. The
alluvial gravels in the wellfield would be operated as a sub-surface
reservoir, with recharge mainly from the tributary rivers in the wet
season.

More detailed investigations are required to model the aquifer
accurately, confirm well yields, and permit design of the North River
wellfield. Such analysis will be carried out in the subsequent
feasibility stage. A preliminary design of the North River wellfield
and conveyance system has been prepared.

The scheme layout is indicated in Figure P2-11. The wellfield
would consist of 30 wells to enable a peak production rate of up to
300,000 m3/day. The wells would be located along the Robert and Peter
tributaries to the North River, spaced at least 200 m apart and equipped
with electric pumps.

The preliminary design of the conveyance system from the wellfield
to Port City is based on a peak flow of 300,000 m3/day, or 50% more than
the conservatively estimated yield of the wellfield. From ground
elevations near 60 m, the water would be pumped through collector pipes
with diameters between 1l)0 mm and 800 mm into a steel pipeline that
would terminate at a new reinforced concrete reservoir near the northern
boundary of Port City. The terminal reservoir, provisionally named
Creektop, would have a top water level of 75 m and a capacity of
150,000 m3 (12 hours of peak flow). From it, the water would gravitate
to the transmission and dlistribution network within Port City. Water
would be chlorinated at the wellfield reservoir and rechlorinated at the
terminal reservoir, prior to entering the Port City distribution system.

The 19.5 km pipeline would be laid along the south bank of the North
River. Steel pipe 1.6 m in diameter would be used. Initially designed
for a capacity of 300,000 m3/day, the pipeline could deliver more water
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by the addition of a booster pumping station near the bottom of the hill
on which the proposed reservoir would be sited. Construction would take
two years.

Development of a wellfield for Port City would effectively preclude
local irrigation in the North River Valley by utilizing the local
groundwater. Accordingly, it would be appropriate to compensate the
10,000 residents in villages within the wellfield area by improving
their water supply and sanitation facilities as a component of a North
River wellfield water supply project for Port City. The proposed
village water supply and sanitation project component, to be presented
in more detail in the forthcoming Feasibility Report, will provide both
water supply and sanitation facilities and the necessary support
activities.

The villages are typical of rural Optima. They have grown at the
national population growth rate of 1.9%. The mainstay of the valley's
economy is primarily subsistence agriculture with excess crops being
sold on the market in Farmville. The average farm size is 0.5 ha. No
formal irrigation systems exist although open ponds are used for dipper
irrigation of vegetable gardens. Otherwise, dry land agriculture
prevails and remains dependent on the rainy season. Health conditions
in the villages are much worse than those in Port City. Statistics for
rural areas are notoriously unreliable and underestimate morbidity
levels because of underreporting. In 1978, however, the most recent
year for which data are available, there were 320 reported cases of
gastro-enteritis and 80 cases of typhoid in the village population of
10,000. Bacillary dysentery and hepatitis were also reported (four and
five cases, respectively).

The Ministry of Health is responsible for water and sanitation in
the villages. The present domestic water supply in the 25 communities
comes from unimproved sources. Seven, near the North, Robert, and Peter
Rivers, take water directly from the rivers. In 13 of the villages
located away from the rivers, water is drawn from open ponds dug down to
the water table. These ponds often dry out in the dry season, and the
rivers (at some distance) are then used instead. The villages most
distant from the rivers have dug open wells reaching down some 6 m to
the groundwater. None of the water is treated, and the people carry
water to their homes in containers. All domestic water sources which
have been tested in the North River Valley are contaminated and felt to
be a source of infectious gastro-intestinal diseases including typhoid.
The open ponds are also used for livestock water. There is no
separation between human and animal pond sources. Animals are therefore
allowed to defecate in the immediate catchment area of the ponds.
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Pit latrines are known in the North River Valley but very seldom

used. During a reconnaissance inspection 20 were counted but their use
not determined. There being no continuous improved water supply, no
sewerage or septic tanks are used for wastewater disposal. Hygiene and
water use practices are poor. Although there is one small health centre

in the valley, no effective health education program has been mounted,
and practices continue much as they have for centuries.
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EXISTING WATER SUPPLY SYSTEKS

A. INTRODUCTION

The essentials of the PCWSC water supply system in Port City in

1980 are shown in Figure P2-12. The city draws water from two surface
and two groundwater sources. The surface sources are the Little River,

whose raw water is treated at the Railway and Southern plants, and the
Wrong River, whose water is treated at the Mountain plant. The

groundwater sources are the Town Wells, sunk into the alluvium within
the city, and the New Wells, sunk into the limestone outside the city
limits to the north. In addition, some residences and a number of
industries obtain water from private wells.

Approximately 70% of the city's population obtain their water from

PCWSC house connections, 24% from standpipes and the rest from private
wells. A survey of 0.3% of households is now being conducted to mDre
precisely identify these numbers and to determine how far those using
standpipes must carry water. The private wells are principally in the

Upper and Lower Residential zones. Most of the standpipes are in the
Lower Residential zone, Railville, and Blight Heights.

B. HISTORIC&L BACKGROUND

The public water supply system for Port City has evolved in
accordance with the pattern of urban development. Shallow private wells
were the only source of water in Port City before the Little River
source and the Railway Treatment Plant were developed by the railway
administration in 1905 to meet the needs of its steam engines, following

the laying of track to Port City, and to supply the port which was
expanding rapidly in the years before and during World War I. The
colonial government's Department of Public Works took over these
facilities in 1919, enlarged the distribution system, constructed the

Southern Treatment Plant in 1922, and installed Port City's first sewers
in 1920-25. By 1935 the Little River source was fully exploited, and

the Department of Public Works responded to the resulting water
shortages by drilling the 12 Town Wells into the alluvium close to the
harbour between 1936 and 1940.

The Department of Public Works commissioned consultants in 1948 to
study Port City's next water source and, following their recommen-
dations, began to develop the Wrong River source and the Mountain
Treatment Plant in 1950. In 1955 the colonial government set up the
Port City Water and Sewerage Commission (PCWSC) and transferred respon-
sibility to it from the Department of Public Works. PCWSC further
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developed the Wrong River, constructing the Heritage Dam and Reservoir
and expanding the Mountain Treatment Plant. In 1967, it commissioned a
reconnaissance report by Swedish consultants on the possible development
of a new source on the Large River south of Port City. The report was
completed in 1968,but no action followed because in 1969 the PCWSC
Planning Division, using hydrological data obtained from the Ministry of
Water Development, recommended that a cheaper short term alternative for
PCWSC was the development of deep wells in the limestone outside the
city to the north. Between 1970 and 1978, the 14 New Wells were sunk
and began to supply Port City. Further, a preliminary analysis of the
groundwater potential in the North River basin was completed in 1975 by
Geohydrological Consultants, Inc. for the Ministry of Water
Development. Throughout the twentieth century, the distribution system
slowly expanded with urban development from the coastal section of the
city up towards the Green Mountains.

C. WATER SOURCES, TREATMENT, AND QUALITY

The town's water sources are discussed in the order in which they
were developed. They are located on Figures P2-9 and P2-12. Hydrologic
information on the rivers used by PCWSC is provided in Table PA2.2 of
Annex P2.

C.1 Town Wells

The 12 Town Wells are between 30 and 50 m deep, located at
elevations near 50 m. Each produces 5000 m3/day of water which is
pumped electrically. Four have been closed, two due to collapse and two
to poor water quality. The principal quality problem is that they are
recharged from the local basin which is being contaminated with
wastewater from the unsewered parts of Port City, resulting in nitrate
levels of 20-60 mg/l over the past five years. The two contaminated
wells that were closed on order of the Ministry of Health had nitrate
levels of 55 and 60 mg/l as N03, above the World Health Organization
standard of 45 mg/l. Nitrate levels in the eight remaining wells ranged
between 30 and 42 mg/l in 1980, but there have been increasing and must
be closely monitored. The area in which the wells are located is fully
sewere,d and no wells have shown signs of bacteriological
contamination. Their chloride levels are all satisfactory, below
100 mg/l, indicating no intrusion of saltwater at this location in the
aquifer. Their water is disinfected by chlorination before being added
to the city's distribution system.
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C.2 Little River

The Little River is an excellent source, but its supply of water is
rather erratic, its runoff varying between 18,000 and 1,000,000 m3/day
and averaging 112,000 m3/day. Its intake is at 300 m, and its water is
treated at the Railway and Southern plants. The Railway Treatment
Plant, built in 1905 at an elevation of 45 m on what was then the edge

of the city, originally had a capacity of 5000 m3/day using slow sand
filters. It was expanded over the years; so it is now a conventional
treatment plant, using sedimentation, rapid sand filters, and chlorina-
tion, with a capacity of 30,000 m3/day. It is, however, totally
surrounded by urban development, given its location in the centre of the
Middle Residential zone. The Southern Treatment Plant, at an elevation
of 250 m, also provides conventional treatment with a capacity of
25,000 m3/day. The treatment plant capacities cannot be utilized to the
full in periods of peak demand because the reliable capacity of the
source is only 35,000 m3/average day. Water from the Little River is of
good quality, though there is considerable turbidity, especially during
the rainy seasons.

The Heights Reservoir (see Figure P2-12) was developed in 1948 to
provide off-channel or overflow storage for the Little River. An
earthfill dam built across a natural depression provides 3.7 million m3
of reservoir capacity into which excessive flows are diverted during the
rainy season by pipeline from the Little River intake. In the dry
season, the raw water from Heights Reservoir (top water level 200 m) is
used to augment flows at the Railway treatment plant.

C.3 Wrong River

The Wrong River is Port City's largest source; it has an annual
average runoff of 228,000 m3/day, with a minimum recorded flow of
40,000 m3/day and a maximum of 2,000,000 m3/day. The first intake on
the Wrong River (1950) was at an elevation of 450 m, and water was
treated at the Mountain Treatment Plant (elevation 220 m), a conven-
tional plant with rapid sand filters. The concrete gravity Heritage Dam
was completed in 1956 to increase the yield to 140,000 mi3/day by means
of a reservoir containing some 23 million m3 of live storage, or about
100 days of average inflows. In 1956 the intake for the Wrong River was
relocated to the new Heritage Reservoir (elevation 254-260 m) and the
Mountain Treatment Plant was expanded to its present capacity of
200,000 m3/day. Water from the Wrong River is of good quality, compara-
ble to that from the Little River, with somewhat less turbidity during
the rainy season, due to the reservoir's role as a settling basin.



- 252 - Port City Project
Pre-Feasibility Report
Annex P3
Page 4 of 9

C.4 New Wells

The 14 high-yielding New Wells are up to 25 m deep, at ground
elevations of about 12 m. Each yields a theoretical 10,000 m3/average
day. Their recharge area is not known but is probably in the mountains
of the interior. There is no nitrate or bacteriological contamination
but excessive saline intrusion as a result of overpumping led to the
closing in 1980 of two wells with salinity levels above 300 mg/I. The
two wells were very close to the North River. The other 12 are now
carefully monitored for salinity. Water from the New Wells, like that
from the Town Wells, is chlorinated before distribution.

C.5 Private Wells

There are approximately 5,300 private wells in Port City in addi-
tion to the PCWSC sources discussed above. Some 5,000 privately owned
domestic wells, principally located in areas of the city which are not
served by the distribution network (especially in the higher Upper
Residential zone), yield an estimated 9,300 m3/day on average, according
to Ministry of Water Development estimates. The 300 wells used by busi-
ness and industry yield an estimated 6,300 m3/day and are principally
located in the area near and around the port, near the Town Wells. They
serve industrial plants such as the textile mills. Both domestic and
industrial wells in this lower area have high levels of nitrates and
chlorides; particularly alarming are the chloride levels above 200 mg/l
found in some private wells near the coast. Bacteriological pollution
has been detected in these low level wells on occasion, but monitoring
by the Ministry of Health is irregular.

D. TRANSMISSION, STORAGE, AND DISTRIBUTION SYSTEM

The PCWSC water distribution is fairly complex. Water from four
separate sources is used to supply consumers in the east at elevations
as high as 250 m above sea level. Table PA3.1 summarizes the
characteristics of the main pipelines.

The reservoirs in the water supply system are located on
Figure P2-12 and are summarized in Table PA3.2. There are two pumping
stations, both with electrically powered pump sets. Treated water
storage totals 35,700 m3, or 21% of average daily water sales in 1980.

Four units at the Metro booster station (capacity 5,000 m3/day)
lift water from the Town Wells to the elevated Metro Reservoir. The
Topview station has two sets, which can pump up to 5,000 m3/day along
the main pipeline from the Mountain Treatment Plant to the Topview
reservoir.



Table PA3.1 MAJOR WATER PIPELINES, 1980 1
From To Material Length Diameter Year

(km) (mm) Built

RAW WATER

Little River Intake Railway Treatment Plant Cast Iron 9.8 200 1905

Little River Intake Southern Treatment Plant Cast Iron 1.5 300 1922

Little River Intake Heights Reservoir Steel 3.5 600 1948

Heights Reservoir Railway Treatment Plant Steel 5.2 300 1948

Town Wells Metro Reservoir Cast Iron 6.8 200-300 1935-40

Heritage Reservoir Mountain Treatment Plant Steel 7.2 300 1950

Heritage Reservoir Mountain Treatment Plant Steel 7.2 300 1980

New Wells Hillside Reservoir Asbestos Cement 6.4 300 1970-78 l

TREATED WATER L

Southern Treatment Plant City System Cast Iron 5.1 300 1923

Mountain Treatment Plant City System Steel 7.0 400 1952

Mountain Treatment Plant City System Steel 7.0 1000 1962

Hillside Reservoir City System Steel 5.0 1200 1970
~t ?WPl

Southern Treatment Plant Seaview Steel 7.2 200 1974 0 Q Pi
Metro Reservoir City System Cast Iron 2.1 300 1936 m I t

Metro Reservoir City System Cast Iron 2.1 300 1936 x eI

Hillside Reservoir Industrial area Ductile Iron 6.7 200-400 1970 o h

Hillside Reservoir Upper Residential Steel 3.3 400 1977

Hillside Reservoir Lower Residential Steel 7.3 300 1968 o o
rt t

Hillside Reservoir Main Street Steel 3.6 600 1962 .
n

Hillside Reservoir Railway Treatment Plant Ductile Iron 2.9 800 1964 W n
R

Railway Treatment Plant Business & Old Town Cast Iron 9.3 200-300 1910 1
0

rt
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Table PA3.2 RESERVOIRS, 1980

Location Capacity Top Water Material
(m3) level (m)

Raw Water
Heritage - Wrong River 23,000,000 260 Concrete dam
Heights - Little River 3,700,000 200 Earthfill dam
Sub-total 26,700,000

Treated Water
Railway Treatment Plant 3,000 45 Reinforced concrete
Southern Treatment Plant 5,000 250 Reinforced concrete
Mountain Treatment Plant 20,000 220 Reinforced concrete
Metro (elevated) 200 45 Steel
Hillside 5,000 140 Prestressed concrete
Parkland 2,000 125 Reinforced concrete
Topview 500 270 Steel
Sub-total 35,700

The water distribution system comprises five principal pressure
zones delineated by elevation as the city ascends the Green Mountain
foothills, as listed in Table PA3.3 and shown in Figure P2-11. The
zones are not precisely demarcated, however, and there are numerous
interconnections, resulting in many pressure problems. These are
especially acute in the relatively elevated Fourth pressure zone between
140 and 200 m. Pressures are too low in some areas because pipe
diameters are too small for the demand that now exists; this is the case
in Seaview and in the upper parts of the Fourth zone. Elsewhere,
pressures are too great because water is supplied from sources located
at high elevations e.g., the Heritage Dam. Resulting water hammer
problems cause cracks in pipes and aggravate losses. There are break
pressure tanks along the major transmission pipelines between the
boundaries of the pressure zones: three along the line from the Southern
Treatment Plant (Second, Third, and Fourth zones) and three along each
of the two lines from the Mountain Treatment Plant (Third, Fourth, and
Fifth zones).

The water distribution network serves a total of 76,752 connections
and contains some 1,208 km of pipes from 100 to 1200 mm in diameter, as
summarized in Table PA3.4. Roughly two thirds of the connections and a
similar proportion of the network pipes are in the lower two pressure
zones, generally below 80 m in elevation.
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Table PA3.3 WATER SUPPLY PRESSURE ZONES, 1980

Zone Elevation (m) Principal Sources

Coastal 0 - 35 Railway Treatment Plant
Metro Reservoir

Second 35 - 80 Southern Treatment Plant
Hillside Reservoir

T'hird 80 - 120 Southern Treatment Plant
Mountain Treatment Plant

Fourth 120 - 200 Southern Treatment Plant
Mountain Treatment Plant

Fifth above 200 Mountain Treatment Plant
(provided to 2 localized areas
up to 250 m in elevation by
booster pumps).

The existing distribution system covers 6,330 ha, or 77% of the
urbanized area in Port City. Table PA3.5, showing the extent of the
netwcirk coverage by urban zones and by pressure zones, illustrates that
the lUpper and Lower Res:Ldential zones contain the largest areas not
presently covered.



Table PA3.4 WATER SUPPLY PRESSURE ZONES: DISTRIBUTION PIPES AND CONNECrIONS, 1980

Distribution Pipes Number of Connections

Pressure Area Length Range of Materials(a) Domestic Industrial Standpipes Total
Zone Covered Diameters

(ha) (km) (mm)

Coastal 1,675 498 100 - 1200 CI, AC, DI 18,601 828 205 19,744

Second 2,350 347 100 - 800 CI, AC, DI 31,132 416 262 31,980

Third 790 175 100 - 800 CI, AC, DI 10,013 12 4 10,029 l

Fourth 805 116 100 - 400 AC, DI 9,689 - 2 9,691 o

Fifth 710 72 100 - 200 AC 5,281 - 7 5,288

Total 6,330 1,208 74,716 1,256 480 76,752

Note: (a) CI - Cast Iron It z e

AC = Asbestos Cement X "
DI Ductile Iron x t

00 0 C'

'0IO0F
oot Li.

0 0

1 0

Pdrt

oeme 

1 E

0



- 257 - Port City Project
Pre-Feasibility Report
Annex P3
Page 9 of 9

Table PA3.5 EXTENT OF COVERAGE BY WATER SUPPLY
DISTRIBUTION NETWORK, 1980

(ha)

Urban Zone Total Covered Area by Pressure Zone Area Not
Area Coastal Second Third Fourth Fifth Total Covered

Residential

Upper 1,600 - 275 290 305 150 1,020 580

Middle 1,800 340 1,050 245 100 65 1,800 -

Lower 2,500 280 855 255 400 210 2,000 500

Business 230 90 140 - - - 230 -

Old Town 350 320 30 - - - 350 -

Railville 170 20 - - - - 20 150

Blight Heights 273 _- - 273

Seaview 100 100 - - - _ 100 0

Sub-total 7,023 1,150 2,350 790 805 425 5,520 1,503

Institutional

University!/ 285 - - - - 285 285 -

Army Camp 400 _- - 400

Industrial3/ 525 525 - _ _ _ 525 -

TOTAL 8,233 1,675 2,350 790 805 710 6,330 1,903

/ Residential population at university lives in adjacent Middle
Residential zone.

2/ Army Camp on northeast side of city has transient population and
independent water system.

3/ No residents in industrial area along coast.
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EZISTING SAMITATION SYSrESh

A. INlOWDUCrION

Until the 1920s, all sanitation systems consisted of individual

septic tanks and pit latrines in the middle and upper income households;
the poor used open defecation. A sewerage system was gradually
introduced in the early 1920s and has been extended on various
subsequent occasions. Its principal operating problems are briefly

described in the report on the proposed Immediate Improvement Project
(February 1982) which recommends short term measures to rehabilitate the

sewerage system.

Most people in Port City now use on-site sanitation systems.
Preliminary estimates (Table PA4.1) indicate that about 69% of the

population use unimproved pit latrines, septic tanks, and cesspits;
about 11% defecate in the open or use public toilets; and about 20% are
connected to the sewer system.

The information presented in this annex, especially the estimates
in Table PA4.1, is based on a preliminary reconnaissance of all the

residential zones in Port City which included the inspection of
representative systems though the city. Detailed information is only
available on the off-site systems which are run by PCWSC. Even here,
however, the numbers of people using conventional sewerage have had to

be estimated from the number of sewer connections. A neighbourhood
survey is now being conducted on an 0.3% sample of households to

determine how many people in each residential zone use each sanitation
system. Its results will be included in the Feasibility Report.

Figure P2-14 demonstrates the flows of wastewater, treated

effluent, and sludge from the various systems in use in Port City.
Treated effluent from two sewage treatment plants is discharged to the

sea. Effluent from on-site systems and privately owned wastewater
treatment plants also fLows into the sea down open stormwater gullies.
Stormwater drainage zones or catchment areas and major open gullies are
illustrated in Figure P2-19. Most are concrete paved and rectangular in

cross section. Septic tank effluent, cesspit overflows, and partially
treated industrial effluents are commonly discharged into the stormwater

gullies throughout the year, and these are only properly flushed out
during heavy rains. During this period, flooding of polluted stormwater
occurs in the lower areas of Port City where slopes are flattest. A
high proportion of the city's garbage collection trucks are usually out

of service, with the result that waste collection schedules, nominally
twice weekly, are seldom maintained. Hence, there are significant



- 262 - Port City Project
Pre-Feasibility Report
Annex P4
Page 2 of 15

Table PA4.1 PRELIMINARY ESTIMATE OF
DIFFERENT SANITATION SYSTEMS IN USE, 1980

Number of Number of Residential Zones Where
System Facilities People Served System Used

(thousands)(%)

On-Site

Open Defecation - 140 10 Lower Residential, Blight
Heights, Railville

Pit Latrines 20,000 200 15 Lower Residential, Blight
Heights, Railville

Cesspits 30,000 620 43 Middle Residential, Lower
Residential

Septic Tanks 20,000 150 11 Upper Residential, Middle
Residential, Lower
Residential

Off-Site

Conventional
Seweragel/ 24,300 280 20 Middle Residential,

Business, Old Town,
Seaview

Public Toilets2 15 15 1 Lower Residential

Total 1405 100

Sources: PCWSC (off-site); Consultant's estimates (on-site)

11 Number of facilities refers to number of connections
t/ Each public toilet serves 1000 people.

accumulations of garbage throughout the cityc especially in the
gullies. This further aggravates polluted water flooding problems in
the lower areas of Port City.

B. of-sm SYSTEMS

B.1 Open Defecation

Open defecation is preferred by people from the rural areas. (Pit
latrines are used in the more densely populated areas where open
defecation is not feasible.) About 140,000 people in the Lower
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Residential zone, Railville, and Blight Heights defecate in the open.
These are the poorest areas of Port City. Open defecation is an obvious
health hazard which is compounded by poor personal hygiene practices and
climatic conditions. Faecal contamination of households is widespread,
and disease transmission is exacerbated by fly breeding in nearby
defecation sites.

B.2 Pit Latrines

Pit latrines are used as an inexpensive method of on-site excreta
disposal by about 200,000 people in the densely populated Lower
Residential zone, in Railville, and Blight Heights. There are
approximately 20,000 pit latrines in Port City. Due to the Ministry of
Health's shortage of manpower, the latrines are seldom inspected. For
the same reason, enforcement of construction standards is not feasible.

Figure P2-15 shows a typical pit latrine as used in these areas.
The pit is seldom dug deeper than 1.5 m into the sand or clay subsoil.
The privy walls are supported with one or two layers of logs or bricks,
and a plywood floor with a defecation hole is placed over the pit. The
superstructure is usually made of plywood or galvanized iron sheeting,
although brick is also used. There is no vent. These unimproved pit
latrines cost about Z80 if built by a contractor, or about half as much
if built by the householder.

Pit latrines are unacceptable on public health grounds as they are
major breeding sites for disease-transmitting flies and mosquitoes.
Plywood floors become unsafe with use and age. Children are commonly
prohibited from using them for fear of their falling through the hole
into the pit. The dangerous floor, the bad odours, and the faecal
contamination of the privy discourage people from using existing pit
latrines.

Pit latrines cannot practically be upgraded into any alternative
acceptable sanitation system. As a dry system, they cannot take the
wastewater and sullage that results when a house has a water connection.

B.3 Septic Tanks

Septic tanks are presently used by about 150,000 people in the
Upper, Middle, and Lower Residential zones who have indoor toilets and
water connections. There are approximately 20,000 septic tanks in Port
City. They accept both toilet and sullage wastes, settle the solids,
and dispose of the partially treated wastes through soakaways or a
drainage trench. Figure P2-18 is a sketch of a typical septic tank.
The conventional design in Port City consists of two chambers. The
first has a capacity of 2200 1. The second, with a capacity of 800 1,
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overflows through an open jointed plastic or clay pipe into a rock
filled seepage trench 1 m wide and 10 m to 50 m long, with an effective
depth of 1 m. The open space required by these seepage trenches varies
between 35 m2 and 100 m2.

The wastewater discharges from the household into the first septic
tank chamber where most of the settleable solids are trapped. A scum
layer of floatables and sludge is restricted from entering the second
chamber by the compartment baffle. The sludge is collected by vacuum
truck every two to four years, depending on the number of people
contributing. The effluent is percolated into the soil via the rock
filled seepage tank.

Based on a survey of five septic tank contractors in Port City,
septic tank systems cost Z1440 on average: Z800 for the tank, Z440 for
the seepage trench and Z200 for the connection to the house plumbing.
The tank must be emptied of sludge by a vacuum truck at a cost of Z10
per m3. Most tanks can operate about three years before the sludge
buildup is too great; so costs amount to about Z30 every three years.

Septic tanks are the sole means of wastewater disposal in the Upper
Residential zone, where large lot sizes mean that they work
satisfactorily. In the Middle Residential zone, however, there is
frequently insufficient land on the household lot for a large enough
seepage trench. In consequence, PCWSC undertook a major initiative to
convert septic tanks in this zone to the existing system of sewers in
the 1970s.

Septic tanks in the Lower Residential zone were originally
installed for single dwellings, but are now too small to cope with
wastewater from the additional houses built later within the compounds.
For example, septic tanks designed for single households of 10 persons
are now required to dispose of the wastewater from three houses and up
to 35 people. The 20 m of trench length can no longer percolate the
larger volumes of settled sewage from the septic tank. The increased
loading on the septic tanks has resulted in their early filling with
sludge. As a result, fresh sludge overflows with the effluent, further
reducing the seepage trenches' capacity to percolate the liquid in the
surrounding soil. Landlords in this zone of rental housing are
unwilling to pay for sufficiently frequent sludge collection. The
effluent therefore overflows through makeshift drains into nearby open
ditches and gullies or simply out onto the nearby land. As most of the
compounds have high water tables, their low points become permanently
flooded, further aggravating surface drainage problems. These are
breeding sites for flies and Culex mosquitoes, the latter spreading
Bancroftian filariasis.
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Approximately 25Z of the septic tanks in Port City are unacceptable
because of these problems. Most can be upgraded through pumping and
cleanout, but some will have to be replaced with other systems.

Septic tanks are an acceptable sanitation system where conditions
are appropriate: lot sizes large enough for the seepage trenches, soil
of suitable permeability, and owners who pump out the sludge at regular
intervals.

B.4 Cesspits

Cesspits serve about 620,000 people in the Lower Residential and
Middle Residential zones. There are approximately 30,000 cesspits in
Port City.

Figure P2-17 illustrates a typical cesspit. Depths range from 4 m
to 7 a and diameters from 2 a to 4 m. Cesspits are commonly lined with
stone, brick or concrete down to depths of 4 m, and further if the
subsoil is unstable. Like the septic tank, the cesspit takes both
wastewater from indoor toilets and sullage. Toilet water and sullage
feeds directly to the cesspit by 150 mm plastic pipe. The solids settle
to form a sludge on the bottom, and the liquid percolates through the
sidewalls into the surrounding soil. The sidewalls of cesspits become
clogged, and permeabilities are greatly reduced, down to a tenth of
their original levels after three to five years of use. Wastewater
discharge in excess of the cesepit's reduced percolation capacity
results in either the pit's overflowing or the necessity to have it
pumped out.

Cesspit construction costs about Z1800 if installed by a
contractor, or Z700 if the householder digs the pit himself. The mDst
expensive component is the top cover, which is usually placed at or just
below grade level and made of reinforced concrete.

The typical cesspit holds about 45 m3, and proper maintenance of
the older pits (more than ten years old) requires pumping out up to five
times a year. A typical emptying cost is Z6 per al, or Z270 for each
pump out* The costs of doing this a number of times a year are
prohibitive for almost all cesespit owners. As a result, the older
cesspits fill up and overflow, leading to obnoxious and unhealthy
conditions in the immediate vicinity. Alternatively, a drain pipe is
installed to carry the effluent to the nearest stormwater drain or
gully.

Like septic tanks, cesspits in the Lower Residential zone today
serve more than the single house they were designed to accommodate. The
average is now 2.5 houses. While a new cesspit can absorb the
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wastewater of three, and sometimes four houses, most of the Lower
Residential cesspits are over 20 years old. They have three serious
problems: collapsed covers, groundwater penetration, and clogging
leading to overflows. over 80% of the cesspits penetrate the
groundwater table, polluting the aquifer and leading to groundwater
quality problems. This is less of a problem in the Middle Residential
zone where cesspits are generally well maintained.

Approximately 75% of the cesspits in the Lower Residential and 60%
of those in the Middle Residential zone are in unacceptable condition,
meaning that only 35% of all Port City's cesspits work reasonably
satisfactorily. Ideally, all cesspits in Port City should be replaced
by a superior sanitation system; in practice, they will continue to be
used for sowe years at least. Local cesspit clean-out contractors have
developed a technique by which the pit's useful life can be extended.
This comprises partial emptying of the pit and water jetting the walls,
thereby removing the deposited material and increasing permeability over
the subsequent two to four years. This practice offers an opportunity
for temporarily upgrading otherwise unsatisfactory cesspits.

B.5 Sullage Pits

Sullage is domestic wastewater other than toilet wastes. It
includes laundry and kitchen wastes and amounts to roughly 100 liters
daily for a fasily which obtains its water from standpipes.

The great majority of the 140,000 people who defecate in the open
and the 200,000 who use pit latrines have no proper means of disposing
of sullage. It is usually piped away from the sink, if such exists, or
is thrown onto the ground. The soil can usually absorb this sullage in
the dry season, but there is a danger of ponding in back gardens and
under houses if care is not taken to distribute the sullage. The
problem is worse in the wet season. Water ponding provides mosquito
breeding sites with consequent increased risk of spread of Bancroftian
filariasis. Muddy back gardens favour development of the ascarid or
round worm ova.

Roughly 50,000 people who use their own pit latrines also have
shallow sullage pits near their house. Figure P2-16 shows a typical
oullage pit, a rudimentary circular pit filled with rocks. This simple
structure is fairly effective for disposing of sullage.

C. OFF-STER 91r 3

Off-site systems in use in Port City include conventional sewers
public toileta, and private wastewater treatment plants. Sludge
trucking is required from both of Port City's sewage treatment plants
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(Meanthyme and Seaview) and from the public toilets. PCWSC operates
only sanitary severs. There are separate systems for drainage of
stormwater.

Figure P2-13 shows the main features of the sewer system of Port
City, which covers roughly 2480 ha, or 35% of the urbanized area, but
serves only about 280,000 people, or 202 of the city's population,
through 24,300 connections. It is estimated that an additional 135,000
people, all in the Middle Residential zone, have not connected to the
sewer system despite having sewers installed on their streets and being
encouraged to do so by PCWSC. This population represents a potential
17,000 additional sewer connections.

A new sewer connection requires the consumer to pay a fee to PCWSC
of Z300 (Z1600 for an industrial or commercial connection).

The central sewer system serves the Old Town and Business zones
completely, plus about half of the Middle Residential zone's
population. The separate Seaview sewer system serves nearly all of the
properties in this residential suburb. The principal components of the
existing central system are four trunk sewers and their associated mains
and laterals, the Sweet Street Pumping Station, the Meanthyme Treatment
Plant ,and the discharge outfall to the harbour. The separate Seaview
System includes a treatment plant and outfall. There are also five
private wastewater treatment plants. The recomended Immediate
Improvement Project includes measures to rehabilitate the deteriorated
sections of the existing sewerage system.

C.1 Historical Background

Prior to 1919, septic tanks, pit latrines, and open defecation were
the only sanitation systems in Port City. When the Department of Public
Works took over the water distribution system from the railway in 1919,
it was also charged with the provision of sewerage services. The
Department constructed the Low Level trunk sewer between 1920 and 1925.
This trunk initially served the Old Town area and the port, and
discharged untreated wastewater by outfall directly into the harbour.
The Low Level trunk is 2.8 km long, has 49 manholes, reaches 600 mm in
diameter, and operates under gravity flow.

The Mid Level trunk sewer was built in the mid-1930s to service the
Business District. It ~was connected to the Low Level trunk at what is
now the site of the Sweet Street Pumping Station. It is 2.2 km long,
has 44 manholes, and also reaches 600 - in diameter. Initially, both
trunks discharged directly into the harbour in front of the city. In
1947-50, however, the Sweet Street Pumping Station, the High Level trunk
sewer servicing about half the Middle Residential zone, and the



- 268 - Port City Project
Pre-Feasibility Report
Annex P4
Page 8 of 15

Meanthyme Treatment Plant were built. At that time, the Meanthyme
Treatment Plant consisted of an Imhoff tank and drying beds. It was
built to handle peak flows of 37,600 m3/day. The Low and Mid Level
trunk sewers both flow by gravity to the Sweet Street Pumping Station,
where the two trunk sewers are linked. From there, sewage is pumped to
the High Level trunk sewer, and then flows by gravity to the Meanthyme
Plant. The High Level trunk is 5.5 km long, has 62 manholes, and
reaches 1500 mm in diameter at the Meanthyme Plant.

By 1955 the Meanthyme Plant had fallen into disrepair with
excessive grit clogging all sludge ports. The plant was bypassed and
sewage was again discharged without treatment directly into the
harbour. The newly formed Port City Water and Sewerage Commission built
no new facilities until the first half of the 1970s when it constructed
the Northern trunk sewer (6.0 km long, with 81 manholes, and reaching
900 mm in diameter) to service the rest of the Middle Residential zone.
It also constructed a new and larger treatment plant at Meanthyme to
handle the sewage from all four trunk sewers which discharged its
treated effluent to the harbour (Section C4).

The separate Seaview Sewerage System, including its treatment plant
and outfall to the sea, was constructed during 1977-79. This system is
described in Section C5.

C.2 Trunk Sewers

Table PA4.2 summarizes the characteristics of the four main trunk
sewers. There are operating problems with the three older sewers. The
oldest, the Low Level, has deteriorated severely with age and heavy
traffic. While its vitrified clay pipe laterals remain intact, their
concrete and bitumen joints have weakened; so infiltration accounts for
over 50% of flows in the rainy seasons. With infiltration comes silt
and sand which further clog the lines and reduce capacity; four cleaning
crews are employed full time in keeping open the street laterals and
submains. Continuous maintenance is also necessary on the larger
unlined concrete pipes (diameters over 500 mm) which cave in frequently,
currently at the rate of about once in every six mDnths.

Similar problems afflict both the Mid and High Level trunk sewers.
Though they were built later than the Low Level trunk, vitrified clay
pipes were used for house connections and laterals and unlined concrete
pipes where diameters exceed 500 mm. The High Level trunk sewer
experiences less infiltration because rubber rings were used in jointing
the vitrified clay pipes. Backup occurs along both the Mid and High
Level trunk sewers because the populations they serve have expanded to
the point that the sewers are inadequate for the flows they must handle,
especially during the rainy seasons. The large concrete pipes of the
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Table PA4.2 PORT CITY MAIN TRUNK SEWERS, 1980

Sewer Date of Length Diameter Manholes Zones
Construction (km) (mm) Served

Low Level 1920-25 2.8 200 - 600 49 Old Town,
Business
District

Mid Level 1930s 2.2 150 - 600 44 Middle
Residential

High Level 1930s 5.5 200 - 1500 62 Middle
Residential

Northern 1971-76 6.0 200 - 900 81 Middle
Residential

_

Mid and High Level trunk sewers are corroded, but cave-ins have not yet
occurred. The Immediate Improvement Project currently underway includes
in-situ camera inspection of the sewers to determine and repair the most
urgent problems.

The newer Northern trunk operates efficiently. However, only about
half of the anticipated number of connections have been made since the
system was installed in 1976. The principal reason for this is the high
cost of house connections.

C.3 Sweet Street Pumping Station

The Sweet Street Pumping Station comprises a manually cleaned
coarse screen and well, a comminutor, a 5 m deep, 50 m3 effective volume
wet well with overflow bypass, two submersible sewage pumps, (each
70 l/'min at existing peak capacity head), float controls, and switching
gear.

It floods during electricity supply interruptions, which are
common. There are no stand-by generators. Pump maintenance is
difficult as there is no standby pump; at peak times the two pumps are
run continuously. The one comminutor is no longer in operation, as
large solids and grit in the sewage quickly dull its blades, and foreign
exchange restrictions have prevented PCWSC from importing new ones. Two
well maintained comminutors are needed to permit maintenance. The
proposed IIP includes measures to rectify all these problems.
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C.4 Meanthyme Treatment Plant

The Meanthyme Treatment Plant provides partial primary treatment
based on an Imhoff tank before discharge into the harbour
(Figure P2-20). The plant comprises a pumping station, a manually
cleaned screen, dual channel grit chambers, four sedimentation tanks,
four open digesters, drying beds, and a 1400 mm direct outfall line
built on piers leading to the sea bed some 600 m out into the harbour.
The plant was designed to cope with flows from a projected population of
160,000, peaking at 75,000 m3/day. However, maintenance problems have
reduced its actual capacity to 34,000 m3/day, when an estimated
280,000 people's wastewater is reaching it.

Maintenance problems at the treatment plant result from too small a
staff with too rapid a turnover and from difficulties with the supply of
spare parts. As the sewers are improperly used for garbage as well as
sewage disposal, the plant's screen requires continued maintenance. Its
grit chambers were underdesigned by foreign consultants who did not
anticipate the deterioration of Port City's sewers and the consequent
need for frequent manual cleaning. Parts ordered for the air-driven
grit remover pump which broke down two years ago have yet to be
received. Grit constantly clogs the sedimentation tanks and prevents
their daily discharge.

As the desludging pumps break down frequently, the settling tanks
are used for batch settling only. Each fills with sludge over a month
and is then desludged with a crane and drag bucket, while a second tank
is used for batch settling. The open anaerobic digesters which should
treat the sludge are largely inoperative. The sludge is either trucked
directly north to the tidal flats at Hog's Bay for eventual discharge
into the harbour or placed in the open digesters (the drying beds have
become overgrown and are no longer used).

As the average dry weather flow of sewage is 54,000 m3/day, the
reduction of the treatment plant's effective capacity from 75,000 to
34,000 m3/day results in an average discharge of 20,000 m3/day of
untreated sewage into the harbour. Flows are measured by Parshall flume
prior to the coarse screen. This discharge peaks during the early
morning and evening hours, when a flow of some 135,500 m3/day reaches
the plant, and is even greater during the rainy season when an extra
59,000 m3/day can infiltrate the sewer system during and after severe
storms. At these times, there is an instantaneous peak of
194,000 m3/day, and a flow of 160,000 m3/day bypasses the plant
(Table PA4.3).
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Table PA4.3 HEANTHYME SEWAGE TREATMENT PLANT FLOWS, 1980

Flows (000 m3 /day)

Average Peak

Sewered Zone
Middle Residential 42.0 105.0
Business 5.0 12.5
Old Town 7.0 17.5

54.0 15.70

Infiltration after Heavy Rains - 59.0

Total 54.0 194.0

Plant Capacity 34.0 34.0

Bypass (directly discharged into
harbour) 20.0 160.0

Approximately 18,000 kg of BOD reaches the Meanthyme Plant each
day, only 25% of which is treated, leading to a daily discharge of
13,500 kg of BOD to the harbour. Resulting harbour pollution has
rapidly increased in recent years. Measures to improve the working of
the treatment plant comprise part of the proposed IIP, designed to
restore its capacity to 75,000 m3/day and keep it operating until 1986.
The plant is inadequate even for existing conditions, however, because
it is too small and the quality of its treated effluent is too low.

C.5 Seaview System

The Seaview sanitary sewer system is shown on Figure P2-13. It was
installed during the late 1970s. It serves the entire population of
this zone. Its main interceptor is 1.2 km long, has 20 manholes, and
ranges between 200 and 600 mm in diameter. Seaview also has a separate
stormwater drainage system.

A process diagram of the Seaview Treatment Plant is given in
Figure P2-21. The plant was designed to provide primary treatment
(sedimentation) for an average design flow of 7,200 m3/day and a peak
flow of 20,000 m3/day. Presently, it treats an average of 4,600 m3/day

(actual 1980) which is discharged into the sea by an outfall which is
400 m long. Treatment results in the removal of 50Z of *OD and of

almost all floatables. This is accomplished by grit removal after
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coarse screening and sedimentation of settleable solids in two 20 m
diameter clarifiers. The original design incorporated trucking sludge
to the Meanthyme Treatment Plant for digestion and drying. As the
Meanthyme digestors are inadequate, however, the raw sludge from Seaview
is now trucked directly to the tidal flats around Hog's Bay.

The Seaview sewer systes works well. Rubber rings are used in
joining the vitrified clay pipes used for house connections and also on
the larger asbestos cement pipes with diameters between 200 and 600 mm.
Stormwater infiltration is low. The principal problem results from
trucking the Seaview sludge to the tidal flats, where it further
exacerbates pollution in the harbour.

C.6 Public Toilets

Public toilets serve 15,000 people in the Lower Residential zone.
The Ministry of Health constructed 15 public toilets in response to
increased open defecation as a result of the influx of rural migrants to
Port City. Figure P2-22 is a sketch of a typical public toilet facility
serving 1000 people, consisting of a water standpipe, toilet facilities
for 10 men and 10 women, urinals and washing areas. PCWSC now owns and
operates these facilities. It provides female caretakers at the 15
units. Their condition has been poor because of their users' ignorance
of hygiene and because of inadequate maintenance as a result of the
attendants' low salaries and own unfamiliarity with hygiene. As a
result, these units are not well utilized by women and children. Steps
to improve their condition by user education and better maintenance are
recomnended in the Immediate Improvement Project. Public toilets are
also used by travellers, merchants and other itinerants.

Two Lower Residential public toilets close to the Middle
Residential zone are connected to the sewer system. The other 13 must
dispose of their wastewater either by trucking or by soil absorption in
cesspits. The cesspits are all underdesigned; so almost all wastewater
from the public toilets miat be collected by truck. Moreover, some
overflow periodically to nearby stormwater gullies.

C.7 Privately Owned Wastewater Treatment Plants

There are five treatment plants within Port City which were
constructed and are operated by their owners. Their location is shown
on Figure P2-13. These plants are summarized in Table PA4.4 and
described below,

1. The oil refinery flotation plant is located near the harbour
shoreline west of the Meanthyme Treatment Plant. At present, it
discharges large volumes of wastewater direct to the harbour. The
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Table PA4.4 PRIVATELY OWNED WASTEWATER TREATMENT PLANTS

Owner Location Treatment Capacity Remarks
_(m /day)

Petropin Port complex Flotation and 14,000 Harbour discharge
(oil activated sludge satisfactory
ref'inery)

University East Middle Facultative Ponds 4,000 Gully discharge
Residential satisfactory
Zone

Large Hotel Farmville & Extended aeration 30 Gully discharge
Poobah Rd 40% efficient,

unsatisfactory

Brewery Port complex Extended aeration 2,000 Harbour discharge
unsatisfactory

Bottling Douglas and Extended aeration 120 Gully discharge
Plant McNabb road unsatisfactory

Sources: Information from owners and consultant's estimates.

treatment plant was constructed in 1979, is well managed, and operates
effectively. The oil recovered by dissolved air flotation is recycled
back to the plant, and the relatively low volumes of sludge are dried
and incinerated on-site. The effluent quality is consistently good with
less than 15 mg/l BOD and 0.5 mg/l phenols. No adverse effects on the
harbour attributable to this effluent have been observed.

2. The university operates a facultative stabilization pond system of
5 ha in area providing 36 days' retention in the first pond and 10 days
in each of three subsequent ponds. The effluent quality is satisfactory
for discharging into a stormwater gully as it is normally supersaturated
with oxygen and has a BOD load of less than 10 mg/l (algae removed).

3. The Large Hotel complex, located at Farmville Road and Poobah Road,
employs an extended aeration package sewage treatment plant. It is
operated by the hotel, with only limited assistance from PCWSC, and
achieves less than 40% efficiency on average. Disposal is direct to the
stornwater gully with consequent downstream pollution, health hazards,
and aesthetic nuisances.
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4. The brewery is located 1 km northeast of the Meanthyme Treatment
Plant beside Main Street. It discharges directly to the harbour,
causing major pollution at the shore-side outfall. An extended aeration
treatment plant was installed in 1974. Maintenance and the acquisition
of spare parts for the aerators have proved very difficult. The
treatment plant is most often operated as a sedimentation tank only.
Its sludge is currently transported by truck to the Meanthyme plant or
when necessary to the Hog's Bay tidal flats.

5. A soft drink bottling plant is located at Douglas and McNabb roads
in the Lower Residential zone. Its discharges, due mainly to bottle
washing and plant cleaning, are low in solids, high in BOD, and low in
nitrogen. The nutrients in the wastewater are not adequate for
effective treatment by its extended aeration plant. Consequently, only
partially treated effluent is discharged to the stormwater gully.

C.8 Sludge Trucking and Disposal

Septic sludge is now being trucked from the Meanthyme plant, the
Seaview plant, public toilets, cesspits, septic tanks, and private
wastewater treatment plants throughout Port City to Hog's Bay where it
is dumped on the tidal flats, severely polluting the northern shore of
the bay. New sludge lagoons of 1.0 ha capacity are recommended for
construction as part of the IIP. They should accommodate all sludge
once they are completed in 1983.

Private firms also collect sludge from industry and privately owned
septic tanks and cesspits, operating independently and on call.
Numerous single truck owners operate on an irregular and unpredictable
basis. Four more reliable sludge trucking firms, ranging in size from
four to 13 trucks, together own 32 trucks with a total capacity of
225 m3 . There is little control over dumping however, and these private
firms have a tendency to discharge sludge into the nearest drainage
ditch or gully under cover of darkness.

PCWSC's three existing trucks are used to transport sludge from the
Seaview and Meanthyme plants and the public toilets. Four new 10 m3

capacity trucks are recommended for purchase under the IIP.

D. HARBOUR POLLUTION

The effluent from Meanthyme and the dumping of sludge have both
severely polluted the harbour. Ministry of the Environment (MOE)
regulations state that wastewater treatment plant effluents discharged
into the harbour may not exceed 30 mg/l of biochemical oxygen demand or
suspended solids. Such regulations are presently meaningless as the
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largest polluter, the Meanthyme plant, could not produce effluent of
this quality even if it were working as described.

A survey carried out in 1979 by MOE found the harbour to be
ecologically unstable and rapidly deteriorating. Abnormally high peak
dissolved oxygen levels and algae concentrations indicate that the
addition of nitrates and phosphates has resulted in overfertilization

and excessive plant life in the harbour. Its shores are covered with
obnoxious rotting, filamentous algae. There are anaerobic conditions
within a 250 m radius of the outfall from the Meanthyme Plant.
Industrial pollution is evident, but the effects on marine life are
unknown at present. Fear of mercury pollution has been abated,
following recent studies of harbour-caught fish by the Ministry of
Health. No fish kill has yet been recorded inside the harbour as the
fish move to more aerobic parts. Fish numbers are declining, however.

Nitrate and phosphate additions have also caused excessive blooming
of Noctiluca scintillus, a toxic blue-green algae, known to cause the
;'red tides" which have resulted in massive fish kills outside the
harbour. Periodically, the natural death of the algae blooms causes
their organic matter to decay and de-oxygenate the water.

Chlorinated hydrocarbons have been detected at raised levels in the
harbour. DDT, dieldrin, and the PCBs are of specific interest as they
are thought to concentrate up the food chain. The extent of any danger
to public health has not been established, although research continues.

Deteriorating environmental conditions have destroyed the beaches'
recreational value. Coliform levels along the beaches exceed
international swimming water standards. Regulatory standards have been
set for water quality off recreational beaches, and enforcement is the
responsibility of the Ministry of the Environment. There is, however,
controversy over the meaning of these standards which have been borrowed
from industrialized countries in temperate zones and are given in terms
of faecal coliforms. Monitoring and enforcement have proven exceedingly
difficult due to the shortage of reliable water microbiology analytical
laboratory facilities in MOE.

PCWSC is responsible for monitoring its effluent discharges into
the harbour. The data are supposed to be provided to MOE for
incorporation with results of all other pollution analyses. However,
the large number of point sources and the infeasibility of maintaining
acceptable effluent quality from all sources make enforcement of water
quality standards virtually impossible.
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TECHICAL AND ECONOMIC SILCrION OF DOKESrIC SANITATION SYSrUS

A. IffRODUCTION

In addition to the systems already in use in Port City which are
described in Annex P4, there are several technical alternatives for the
disposal of wastewater. Systems can be classified as on-site or
off-site, wet or dry. Table PA5.1 lists the systems which are or might
be used in Port City, designating the former with an asterisk. On-site
systems dispose of wastewater on the household plot. Off-site systems
incorporate collection by truck, pipe, or sewer for treatment and
disposal elsewhere. Wet systems require water for flushing; dry systems
do not. All the wet systems except for the Pour-flush toilet and the
Vault and vacuum truck are suitable for use with cisterns and full
internal plumbing, though both of them can be provided with or converted
to cistern flush.

Table PA5.1 ALTERNATIVE DOMESTIC SANITATION SYSTEMS

On-site Off-site

Dry Wet Dry Wet

Open defecation* Pour-flush Bucket Latrine Vault and
Toilet Vacuum Truck

Unimproved Pit
Latrine* Septic Tank* Small Bore Sewer

Ventilated Cesspit* Conventional
Improved Pit Sewer*
Latrine Aquaprivy

Public Toilet*
Pour-flush

Compost Toilet Toilet with
Sullage
Soakaway

* Systems already in use in Port City

This annex describes each alternative system that might be needed
in Port City. Section B discusses alternatives for households without
water connections where the sanitation systems dispose of excreta only.
Those systems which are technically acceptable are then ranked according
to economic cost-effectiveness. Section C contains a similar
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description and analysis for households with water connections where the

sanitation system must dispose of both excreta and sullage (all domestic
wastewater other than toilet wastes).

B. SANITATION SYSrE=S FOR BOUSUOLWS ITH(XJY A VATU COMMION

B.1 Description and Technical Selection

B.1.1 Open Defecation

Open Defecation is discussed in Annex P4. It is unacceptable on
public health grounds.

B.1.2 Pit Latrines

The unimproved pit: latrine shown in Figure P2-15 is discussed in
Annex P4. It is unacceptable on public health grounds.

B.1.3 Ventilated Improved Pit Latrine

The Ventilated Improved Pit (VIP) Latrine is a dry on-site system.

It is illustrated in Figure P3-3.

A baffle wall at the entrance provides privacy. Through a chimney
effect, a vent induces an airflow down the squat plate hole aad up the
vent, leaving the privy enclosure free of pit odours. A screen attached
to the top of the vent traps insects trying to escape up the vent pipe;
so they eventually die and fall back into the pit. Pits are normally
2.5-3.5 m deep and some 3 m3 in volume, providing over four years of use
for an average household before emptying or a new pit is required.
Emptying is by vacuum truck. Alternatively, and if land is available,
new pits are dug and the old ones covered with topsoil instead of being
emptied. There are several alternative designs available; one is the

brick or concrete block VIP shown in Figure P3-5.

The alternating double pit latrine is an alternative to the single
pit VIP described above. It comprises two separate large pits under
seats or squat plates. The two pits are used alternately. When the
first is nearly full it is closed and the contents allowed to digest and

dewater while the second pit is being used. On filling the second,
after one or two years the first is opened and its contents emptied,
used as a fertilizer or otherwise disposed of. This system permits the
householder to empty the pit himself.

The VIP latrine is a technically acceptable system for the lower

income areas of Port City in that it safely and effectively removes
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excreta from the household environment and is socially acceptable. It
can be upgraded into a pour-flush toilet. The choice between single pit
with a superstructure that can eventually be moved to a second pit, a
single pit with permanent superstructure requiring mechanical emptying
by contract or double pit and householder emptying depends on cost and
space availability and should be left to the owner.

Based on costing surveys taken in Port City, investment costs in
the Port City area are estimated at Z125 per VIP latrine, of which Z85
represents the cost of all components except the superstructure. Annual
maintenance costs average Z2. The VIP latrine should last for about
15 years. These costs are approximations only. Pilot units should be
constructed within Port City to verify costs and fabrication
capabilities locally. There is a real possibility that costs of
fabrication could be reduced through mDdular design and precast concrete
fabrication of key components, such as the floor slab, the foundations,
and the superstructure.

Where the householder wishes to convert or upgrade the VIP latrine
into a pour-flush toilet, the dug hole and most construction materials
can be reused, thereby recovering some of the original investment in the
VIP latrine. Allowing for such recovery, the cost of upgrading is
estimated at Z55.

B.1.4 Compost Toilet

The Compost Toilet, a dry on-site system, uses composting to
degrade excreta in combination with vegetable matter or added ash. It
cannot accommodate sullage. It can function well when properly used,
but experience elsewhere has shown its acceptability to users to be very
low in urban areas. Extensive user education over several years is
necessary to promote user acceptance before continued long term use of
the compost toilet can be assured. It is therefore excluded from
further consideration as a viable alternative in Port City.

B.1.5 Pour-flush Toilet

The Pour-flush Toilet is a wet on-site system using a ceramic,
cement, or fibreglass water seal bowl. It is illustrated in
Figure P3-3. It can be upgraded for cistern flushing by the use of a
bowl equiped with a flush ring.

The user flushes the toilet by a hand held pan or bucket. Some
2 1 of water are required per flush. Water for flushing can come from
rainwater, household sullage or the nearby standpipes. Excreta and the
flushing water flow by gravity down a cement pipe or channel to one of
two soakaway pits. The pits, each some 1.5 m deep, approximately
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1.5-2.0 m3 in volume and lined with open bricking, are used
alternately. Once one pit is filled, its contents are left to digest
and dry while the flow is diverted to the other. Every two or three
years, the fully decomposed contents of the dry pit are dug out and can
be used as soil conditioner or landfill.

The pour-flush toiLet can be upgraded by converting its pit into an

interceptor tank, the effluent of which overflows directly to a small
bore sewer system (Section C.1.5).

The system is not odorous or insect-ridden and the toilet can thus

be installed within the house. It is a technically effective on-site
method of disposing of human wastes in Port City. Further, nearly all

construction can be carried out by the householder if given adequate
instruction. The pour--flush toilet can be built of locally available
materials. Its recurrent costs are low.

Based on local costs of labour and materials, the contractor built
pour-flush toilet is estimated to cost Z150 in Port City for initial
installation (of which Z40 is for above-ground components) and Z2 per
annum for maintenance. In addition, the user has to bear the cost of
the water used for flushing. The pour-flush toilet with two pits should
last for 20 years or longer.

B.1.6 Bucket Latrine

The Bucket Latrine is a dry off-site sanitation system in which
manual collection of excreta in buckets is commonly made at night, every
four to seven days. Although relatively low in capital cost, the

frequency of collection results in significant recurrent costs. In the
vast majority of cities where it is employed, it is regarded as an
inferior system because it is unpleasant to use and offensive as
collection seldom avoids spillage immediately around the vault. It is
unhygienic, and exacerbates the problem of urban scavengers.

In most situations, it is unacceptable on public health grounds,
and it is therefore not considered further for Port City.

B.1.7 Vault and Vacuum Truck

The Vault and Vacuum Truck system comprises an in-house water seal

toilet emptying into a vault chamber having a typical storage volume of
about 1.5 m3. It is a wet off-site system. The vaults' contents are
collected at regular intervals. Manual flushing minimizes water use,
reducing the required collection frequency to about once per month.
Collection is by vacuum truck, using a flexible suction hose which may
extend some 20 m or more up alleyways to the more inaccessible houses
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and vaults. Provided that the water seal is maintained and collection
is hygienically and properly carried out, the system functions well.
The vault and vacuum truck system is technically acceptable, but it only
accommodates toilet wastes. It is much more expensive than the
pour-flush toilet, requires a substantial organization, and is not
recommended for Port City.

B.1.8 Public Toilets

Existing Public Toilet facilities are illustrated in Figure P2-22
and are described in Annex P4. The two principal problems with them
are, first, that they are poorly maintained and aesthetically
objectionable, and second, that they require expensive trucking of

sludge where ground conditions are such that infiltration of some or all
of the wastewater is inhibited.

Figure P3-6 illustrates a recommended design for a public toilet
for 1000 persons, which includes personal and laundry washing facilities
as well as toilets. Such latrines are technically feasible, provided
that, first, they are properly maintained by both male and female staff
on a 24-hour basis, and second, they are connected to a sewer system to
remove settled effluent so that only sludge must be removed by truck.

While technically feasible, public toilets are not a desirable
sanitation system in the long run for Port City as they are distant from
the household. They may be necessary in the medium term, however, to
meet the sanitation needs of some people without household water
connections who are not used to the disposal of excreta on their
property by one of the systems described above and who would otherwise
defecate in the open. Furthermore, it may be necessary to locate some
in areas which will not immediately be served by sewers. In these
locations, public toilets will not provide laundry or shower facilities
until such time as sewers become available and are connected to the
system. Further, pour-flush toilets without cisterns will be used to
ensure minimum water use, thereby reducing the volumes of wastewater
requiring trucking.

B.2 Economic Comparison of Technically Acceptable Systems

Only four sanitation systems are therefore technically acceptable
for households without water connections: the VIP latrine, the
Pour-flush toilet, the Vault and Vacuum Truck, and the Public Toilet.
The Public Toilet is not desirable except where it is the only
alternative to open defecation (Section B.1.7). The Vacuum Truck and
Vault is much more expensive than the VIP and the Pour-flush toilet.
The vault alone costs Z350. The VIP and the Pour-flush toilet are
therefore to be compared in terms of economic cost-effectiveness.
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Table PA5.2 presents annualized costs per household for the two
different technologies. These are total costs and take no account of
whether they are incurred by the householder or PCWSC. In this sense
they are economic costs; however, no shadow pricing has been applied.
The only components which might be shadow priced are skilled labour and
possibly foreign exchange. As both alternatives would be affected to
roughly the same proportion, their ranking would not change. Investment
costs are converted to an annual basis using a 10% discount rate.
Recurrent costs for the pour-flush toilet include rough estimates for
water at ZO.50 per m3, a figure suggested by very preliminary marginal
cost calculations.

Table PA5.2 ECONOMIC C)MPARISON OF TECHNICALLY ACCEPTABLE SANITATION
SYSTEMS FOR HOUSEHOLDS WITHOUT A WATER CONNECTION

(Z 1981)

Technology Ventilated Improved Pour-flush
Pit Latrine Toilet

Expected Life (years) 15 20

Investment Cost 125 150

Annualized Investment Cost
(10% discount rate) 16 18

Annual Water Cost _ 6

Annual Maintenance Costl 2 2

Total Average Annual Cost 18 26

Table PA5.2 shows the VIP to be slightly more cost-effective (with
a total average annual cost per household of Z18) than the pour-flush
toilet (Z26). The choice between them could, therefore, be left to the
individual householder. Insofar as the pour-flush toilet pit can be
more easily converted in the future into an interceptor tank for a small
bore sewer and the tiolet can be located inside the house, its use is to
be encouraged over the VIP because it provides greater flexibility if
full water connections should be provided later.
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C. SANITATION SYSTEMS FOR HOUSEHOLDS WITH A WATER CONNECTION

C.1 Description and Technical Selection

C.1.1 Septic Tank

The Septic Tank is a wet on-site system. The design currently in
use in Port City is shown in Figure P2-18 and is discussed in Annex P4.

The Septic Tank is a technically acceptable sanitation system in
Port City in areas where densities are low (household plot sizes are
large enough to accommodate the necessary seepage trenches), and where
soil permeability is high. In practice this means that septic tanks
operate well in areas of low population density, such as in the Upper
Residential zone. A household discharging 350 l/d requires some 50 m of
seepage trench, given the medium permeability of the soil. Such a
trench occupies less than half of the back yard area of a typical Upper
Residential lot. In the Middle Residential zone, however, where the
population density is much greater, there is frequently insufficient
land on the household lot for a large enough seepage trench. Septic
tanks in the even denser Lower Residential zone were originally
installed for single dwellings, but are now generally too small to cope
with wastewater from the additional houses built later within the
compounds.

A septic tank can be converted into an interceptor tank for a small
bore sewer (Section C.1.5) by desludging and connection of the effluent
pipe directly to the sewer at an estimated cost of Z135. A new septic
tank costs Z1440 to install on average, Z23 per year to maintain and has
a life of some 20 years.

C.1.2 Cesspit

The cesspit is a wet on-site system. The design currently in use
in Port City is shown in Figure P2-17 and is discussed in Annex P4.

It is not a highly desirable system on technical grounds, but its
continued use is inevitable over the medium term.

A cesspit can be upgraded into an interceptor tank for a small bore
sewer (Section C.1.5) at an estimated cost of Z160. This would normally
involve at least partial desludging, preparing the tank top, and
installing an effluent "T" and pipe connection to the street sewer.

A new cesspit costs Z1800 to install, and Z1350 per year to
maintain if it is pumped out at appropriate intervals. Its expected
life is 20 years.
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C.1.3 Aguaprivy

The Aquaprivy is a wet on-site system consisting of a water seal
latrine, placed over a sludge settling tank. As with the septic tank,
the aquaprivy's settling tank overflows to a seepage trench. As
discussed in Section C.1.2, most houses in Port City's denser
residential zones have yards which are too small to accommodate these
seepage trenches. Even where enough land is available, experience
elsewhere has shown that poor maintenance (primarily a lack of
maintaining the waterseal and a lack of sludge collection) results in
user dissatisfaction.

The aquaprivy offers the same service as the pour-flush toilet but
with greater risks of malfunctioning is not therefore an acceptable
alternative for Port City.

C.1.4 Pour-flush Toilet with Sullage Soakaway

A house with a water connection can have separate systems for the
disposal of excreta (the pour-flush toilet) and of sullage (the
soakaway). Both are on-site wet systems. The pour-flush toilet is
shown in Figure P3-3 and is described in Section B.1.5.

The sullage soakaway is illustrated in Figure P3-4. Its function
is to percolate only sullage into the subsoil. Percolation of sullage
is more rapid than sewage. A large sullage soakaway would be 2 m in
diameter and 5+ m deep, and could accommodate about 650 l/d of sullage,
but smaller ones would be feasible for lower water consumption levels
and more favourable percolation rates.

The pour-flush toilet and sullage soakaway combination is a
technically acceptable alternative for Port City's households with a
water connection.

The sullage soakaway costs Z800 on average to install and an
estimated Z2 to maintain each year; it should last for 20 years.

The suggested soakaway illustrated in Figure P3-4 is designed to be
convertible to an interceptor tank for a small bore sewer by addition of
a "T" and effluent pipe to the small bore street sewer. In addition,
the effluent of the pour-flush toilet would be directed to the cesspit.
The cost of this conversion is estimated to be some Z150.

C.1.5 Small Bore Sewers

Small bore sewers, like conventional sewers, are used to collect
wastewater from individual properties and convey it to a central
location for treatment and disposal. The downstream end of a system of
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small bore sewers is the same as that for conventional sewers: it
comprises trunk sewers, interceptors, and pumping stations (if
necessary). Figure P3-1 shows a system of small bore sewers
schematically.

The principal difference between conventional and small bore sewers
occurs at the top end of the system, on the individual property and in
the street sewers. Small bore sewers, as the name implies, have
significantly smaller diameters than conventional sewers because the
small bore sewers are designed to carry only liquids. Solids in the
wastewater are settled in an interceptor tank at the top end of the
system. Figure P3-2 illustrates typical arrangements for a small bore
sewer and interceptor tank on the property being served. A connection
from the building (typically 150 mm) carries all wastewater (including
solids) to the interceptor tank, which is sized to provide at least one
day of retention, plus storage for settled solids. Effluent without
solids leaves the interceptor tank through a small bore sewer (typically
50 mm) into the street sewer and downstream system.

Solids retained in the interceptor tank decompose in the same way
as in a septic tank. Sludge builds up in the tank, and has to be pumped
out periodically (typically once every two or three years). The buildup
is quite slow, since much of the settled sludge is borne away as minute
particles in the effluent.

Small bore sewers operate under similar principles to conventional
sewers, with the major exception that the settleable solids are removed
by the interceptor tank prior to entering the sewer system. In
conventional sewers, both solids and liquid wastewater are transported
to the treatment plant. Small bore sewer systems are cheaper than
conventional sewers because they are designed with small pipe sizes at
less steep slopes in less deep trenches. This is because they do not
need to transport solids down at "self-cleansing" velocities, as happens
in conventional sewers. Small pipe diameters also reduce the cost of
trenching, because pipe bedding requirements can be less stringent than
for larger conventional sewer pipes. As a result of their less steep
slopes and shallower depths, small bore sewers require fewer pumping
stations than conventional sewers. They also have much less frequent
requirements for manual sewer cleaning. As a result, many fewer
manholes are required.

Small bore sewers are relevant to Port City in light of its high
population densities, medium to low subsoil permeabilities, the
widespread use of septic tanks and cesspits which can be converted to
interceptor tanks, local manufacture of PVC pipes, the existence of
several private cesspit and septic tank sludge removal firms, and the
small bore sewers social acceptability and technical efficacy as a means
of removing toilet wastes and sullage rapidly from the household.
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Precise costs of the small bore sewer system depend on population
densities. In Port City they are estimated to vary between Z300 and
Z410 per household. (These are equivalent to about Z9000 per ha.) These
include both on-site components (such as the house connection, the
interceptor tank, and internal plumbing), and a pro-rated share of
off-site components (such as the laterals, mains, interceptor, and a
treatment plant), based on preliminary designs for an area of the Lower
Residential zone. Annual maintenance costs should amount to about Z20
per year on the property and Z16 for the system off the property. A
small bore sewer system should have a functional life of at least 30
years.

C.1.6 Conventional Sewerage

'The existing sewer system in Port City is described in Annex P4.
It is a wet off-site system providing a comparable service level to the
householder as a small bore sewer.

'The cost of installing a conventional sewerage connection for a
household in an already sewered area is estimated at Z300 (of which Z130
is the cost of the connection between the householder's property line
and the street sewer). By upgrading the costs of the 1974 Master Plan
for sewerage in Port city, the cost of a new sewer connection in an
unsewered area is estimated at Z904, including a pro-rated share of
off-site components. Conventional sewers have an expected useful life
of 30 years.

C.2 Economic Comparison of Technically Acceptable Systems

Five sanitation systems are therefore technically acceptable for
households with water connections: the septic tank, the cesspit, the
pour-flush toilet with sullage soakaway, the small bore sewer, and the
conventional sewer. Table PA5.3 compares them on the basis of
annualized costs per household.

The same methodology was used as in Table PA5.2. Some of the costs
require explanation. The investment costs "off the consumer's property"
for small bore and conventional sewers represent pro-rated costs per
connection of downstream sewage system costs i.e., the sewers, trunks,
interceptors, treatment, etc. For small bore sewerage, these are
estimated from preliminary design work for Port City. For conventional
sewerage, they are updated from the 1974 sewerage Master Plan.

Water costs are included as a recurrent cost because pour-flush
toilets and cistern flush toilets use significantly different amounts of
water. "On property maintenance" includes maintenance to the tanks on
the consumer's property or to the sewerage pipes. "Off property



Table PA5.3 ECONOMIC COMPARISON OF TECHNICALLY ACCEPTABLE SANITATON SYSTEMS FOR HOUSEHOLDS
WITH A WATER CONNECTION

Technology Septic Cesspit Pour Flush Small Bore Conventional Conventional
Tank Toilet Sewer Sewer Sewer

with sullage (a) (b) Connection(c)
soakaway

cistern cistern higher low cistern pour- cistern cistern
flush flush water water flush flush flush flush
toilet toilet consump- consump- toilet toilet toilet toilet

tion tion

Expected Life (years) 20 20 20 20 30 30 30 30

Investment Cost per household (Z)

On Consumer's property 1440 1800 950 400 360 360 170 170
Off Consumer's property _- - - 150 150 734 130

Total 1440 1800 950 400 410 410 904 300

Annual Investment Cost
(10 discount rate) 169 211 112 42 43 43 96 32 0

Recurrent Cost per Household (Z)
On property maintenance

71 318(d) 10 10 68 26 68 68
Off property maintenance - - - - 16 16 26 26

Total 71 318 10 10 36 42 94 94

Total Average Cost per Household OQ i O
(Z) 240 529 122 52 127 85 190 126 M M I rt

- 0c
Notes: (a) Small Bore Sewer figures depend on population denities, exitence of a cesspit or a septic tank, - P3 X 4

number of households per interceptor tank, proximity to existing interceptor sewers etc. The 0 1-4<
figures used here assume low densities, no existing cesspit or septic tank suitable for conversion Fh ItF
into an interceptor tank, one interceptor tank per household and no nearby interceptor sewer, i.e. F pi
the conditions which produce the highest possible costs. r 1i o

(b) In unsewered area. 94 n
(c) In already sewered area. pC "
(d) Assumes one pump-out per year. Ideally (Annex P4), five pump-outs are necessary per year but in 

in practice no householder will do this. O

ft
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maintenance" is again the pro-rated maintenance costs per household of
the downstream elements of sewerage systems.

It can be seen that a conventional sewer connection is the least
cost alternative for cistern flush service if the area in which the
house stands is already sewered (Z126). For areas presently without
conventional sewers, the small bore sewer is the least cost alternative
(Z127) for similar service followed in order by conventional sewerage
(Zl90o), the septic tank (Z240), and the cesspit (Z529). The pour-flush
toilet with sullage soakaway (Z52), is the least cost alternative for
pour-flush service, followed by the small bore sewered pour-flush (Z85).

These conclusions may require modification in certain areas where
there is already extensive investment in one system or another e.g., it
may not prove economic to install a small bore sewer network in the
Upper Residential zone in the future as it is already extensively fitted
with septic tanks. While small bore sewerage may appear the optimal
solution for new houses, this calculation assumes that all houses are
connected to the new network. Costs per household of new sewerage will
rise dramatically if only new houses connect to the new system. Further
evaluations will be necessary in the future.
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PLANT
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WATER SUPPLY AND SANITATION PROJECT

PROPOSED SMALL BORE
SEWER SYSTEM, 1987

DATE: APRIL, 1982 FIG. P3-7
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900
ALTERNATIVE SOURCE DEVELOPMENTS:

SEQUENCE "A" - 3 r - - -

1986 GROUNDWATER 200000 m/d /

1991 LARGE RIVER (STAGE 1) 150000nd So/

1995 LARGE RIVER (STAGE 2) 150 000 nm3d EI ~~0
SEQUENCE 8B" - O
1986 LARGE RIVER (STAGE 1) 150000 m3/d - - 7004

3
1989 LARGE RIVER (STAGE2) 150000n/d I /

3 I L
1994 GROUNDWATER 200000 mM C D---'

E~~~~~~~~ 4lSINGSURC AA Y |/t

.6 0 0 L
>

I ~~~z
0

500Z
0

EXISTING SOURCE TAPACITY
33 5000 m/day 

400O0

0-

_ _ _ _ _ _ _ _ 3 00

PWSC WATER PRODUCTION A

1 ~~~~~~~~200

J150
2970 1975 1980 1985 1990 1995 2000

ACTUAL DATA TO 1981 YEAR
PROJECTION FROM 1982

PORT CITY
WATER SUPPLY AND SANITATION PROJECT

PCWSC WATER PRODUCTION AND
ALTERNATIVE SOURCE DEVELOPMENTS

DATE: APRIL, 1982 FIG. P3-8
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PUMPING~~~~~~~ . AE SPLTADSNIAINTRJC
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WM"VE TMATM4 PLAN If -
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INFLUENT SLUDDE INFLUENT SEWAGE
1.4 Tons BOD/d 3S Tons 80D/d
138 m3/d 2 50 mg/l.

\ 1~~~~~~~~4 0000m3/d.

SLUDGE PONDS
2. 0 hao _ 

70OKg BO D/ ho-d

FE T EANAEROBIC
S 1ha

DIGESTED SLUDGE 820 KgBOD/ha-d
TO

LANDFILL
OR REUSE AS |3100 mg/l. BOD

FA CU LTATI VN

56ha

210 Kg BOD/ho-d

30mg/1. BOD

MATU RATION

40 ha

105 Kg BOD/ha-d

" IO~~~1mg/l. BOD

POLISHING

lOha EFFLUENT HOG'S BAY
=IO mg/I.

NOTES: BOD
STABILIZATION POND
SYSTEM DESIGNED FOR
LOADS AND FLOWS OF 1990

-KILOGRAMS OF BIOCHEMICAL
OXYGEN DEMAND PER POND
SURFACE AREA (hectares)/DAY PORT CITY

WATER SUPPLYAND SANITATION PROJECT
HOG'S BAY TREATMENT PLANTS

PROCESS DIAGRAM AND PARAMETERS
DATE-APRIL, 1982 FIG. P3-10
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WATER SUPPLY 1983 1984 1985 1986 1987

PEAKING WELLS IN CITY

NORTH RIVER WELLFIELD SCHEME:
VILLAGE WATER AND SANITATION _ _ _ _ _
PRODUCTION WELLS AND COLLECTOR PIPELINE _ ............. - - - - - -
PUMPING STATION AND WELLFIELD RESERVOIR . . ...............
TRANSMISSION PIPELINE TO CREEKTOP RESERVOIR _ _ -

CREEKTOP STORAGE RESERVOIR a - - - - - - -r - - _

TRANSMISSION AND DISTRIBUTION PIPELINES _ ....... . . ._
WITHIN PORT CITY (ANNUAL CONTRACTS) _ ..... …… _______

SAN ITATION

NETWORKS FOR SMALL BORE SEWERS _ _. .

MAIN STREET INTERCEPTOR SEWER _ , ..._
WASTEWATER TREATMENT PLANT AT HOG'S BAY ___________

NOTES: 1. ASSUMES PROJECT APPROVAL AND FINANCING AGREED BY DECEMBER, 1983.
2. EXCLUDES WORK INCLUDED IN IMMEDIATE IMPROVEMENT PROJECT.
3. TREATMENT PLANT AT HOG'S BAY BEGINS TO OPERATE AFTER 18 MONTHS AND IS FULLY CONSTRUCTED AFTER

24 MONTHS.

LEGEND: ---- DESIGN PORT CITY
......--- PROCUREMENT WATER SUPPLY AND SANITATION PROJECT
--- - CONSTRUCTION

OPERAtION PROJECT CONSTRUCTION SCHEDULE

_DATE: APRIL, 1982 _TFIG. P4-1
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t 0.8 0 1 2 3 4 DATE" APRIL,1982 RFIG P4-2
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