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_ ABSTRACT
Sustainable water service delivery is essential for socio-economic development but

sustainability of water systems in the rural water sector in Ghana has received relatively
little attention as at any given time about 30% of these systems are not functioning well
or broken down. This study is focused on quantifying the cost of delivering sustainable
walter services in piped water systems under community management. These water
systems were among the first batch of community managed piped water systems and
represent a mix of technologies covering single towns piped systems, multi-village
piped systems; different energy source (national grid, generator, solar), water source
(surface or ground water, treatment); and with ‘different levels of water system
functionality, Data was collected on Capital Expenditure (CapEx), which is initial
capital investment cost of the water systems, Operations and routine maintenance
expenditure (OpEx) and Capital Maintenance Expenditure (CapManEx) from 1998 to
2008. Through ficld investigations and data analysis the factors affecting the cost and
functionality of the water systems were identified and discussed. The CapEx per capita
for the various systems and the cost drivers for CapEx with respect to water treatment
technologies and the size of the system network is also discussed. The study annualized
the cost of delivering sustainable water service assuming useful life of water systems of
20 years and inflation rate of 17.6% which provides useful information for planning.
The per capita CapEx ranges from Ghe 40 -160 reflecting factors such as population of
the community (economies of scale) and system technical complexity (single town
piped system, multi-village sysiem and water treatment technologies). The annual per
capita OpEx ranges from Gha 0.12 10 Ghe 1.1 and CapManEx ranges from Gha 0.10 to
Ghe 5.10. The high CapManEx per person reflects the cost of system rehabilitation due
to premature system rehabilitation. The study argues for the use of the cost information
in the results for planning and budgeting particularly for capital maintenance
expenditure to reduce ayoidable pre-mature rehabilitation for sustainable service
delivery.

—
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CHAPTER ONE: INTRODUCTION

1 Background

A significant measure to improve public health, spur economic development, and reduce
‘poverty 1s universal access to and use of clean water and sanitation services. A legacy of
insufficient and unsustainable water and sanitation service delivery means that 884
million individuals still lack access to improved drinking water, and 2.5 billion
individuals lack access to improved sanitation (WHO/UNICEF, 2008). Nearly 10% of
the total burden of disease worldwide is attributable to unsafe water, sanitation, and
hygiene and the associated diseases elaim 3.6 million lives annually (Pruss-Ustun ef al.,
2008). Access to improved water and sanitation is important because it is the foundation
for healthy communities, and results in significant hcalth, economic. and social gains
(Montgomery et al., 2009).

Water is essential to the existénce of man and all living things and is a cross-cutting
element of the Growth and Poverty Reduction Strategy (GPRS 1I) of the Republic of
Ghana. It is also linked 1o all Eight of the Millennium Development Goals (MDG’s) as
cited in the National Water Policy document (MWRWH, 2007). Ghana aims to achieve
the MDG target of 76% rural water coverage by 2015 but the national water coverage Lo

rural communities and small towns is 55.4% as at 2008, (CWSA, 2009). According to

e . _,..-—"""'-_-_._'_ By
the SIP document, (CWSA, 2008) , an estimated amount of US$S 505.3 million would be

—required in order to achieve the target of 76% rural water coverage by the 2015 and that

Ghana’s Development Partners have already committed US$ 175 million of the required
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amount for disbursement in the Community Water and Sanitation Sub-Sector during the
period 2008-2012. However, other cost elements required to guarantee the sustenance of
water and sanitation service delivery in rural Ghana is not considered and planned for in
the document. The SIP document therefore only focuses on provision of new water and
sanitation systems and run the risk of undermining functional sustainability of the
systems by encouraging rapid construction of infrastructure rather than long-term,
critically needed, investments in operation and maintenance and needed support cost.

The cost of sustainable water supply service is_the cost which will ensure that water
service is delivered in sustainable manner. A water supply system is said to deliver
service on sustainable manner if the facilities are maintained in a condition which
ensures a reliable and adequate potable water supply. The cost besides the capital
expenditure (CapPEx) required (o ensure service delivery on sustainable manner
includes Operational Expenditure (OpEx). which is the cost of day to day running of
water systems and for carrying out preventive maintenance and minor repairs, the
Capital Maintenance Expenditure (CapMankEx), which is the cost of carrying out major
repairs, replacements of worn out parts, rehabilitations and future expansions of the
water system and also Support cost which is the cost of monitoring operations of water

systems and for sector institutional strengthening and capacity building.

1.1  Problem Statement

Universal access to sustainable water service requires investment 1o expand coverage
f + . ag= el
and continues support to keep existing water systems functional. Sustainability of

Joseph Kwame Asante 2 MSc Thesis, February 2010
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existing water systems in the rural and small towns® water sector in Ghana has received
relatively little attention, as at any given time about 30% of these water systems are not
functioning well or broken down. These systems with a high frequency and long
duration of breakdowns are indication of non-existing planned maintenance due 1o

limited funds. An understanding of the cost of sustainable water service provision is

important for the delivery of sustainable water services.

1.2  Objectives of study
The main objective of the study is to determine the cost of sustainable water service
delivery in Small Towns.
The specific objectives of the study are:
1. To determine the cost components of sustainable water service in sclected
Small Towns
2. To identify factors which affect the cost in selected Small Towns
1.3  Justification of study
The study determines the understanding of Cost for sustainable water service delivery
and will contribute to better planning, design and implementation of water projects that

deliver sustainable services in Ghana's Small Towns® water sector.

1.4 Scopeof study
. _._d_,.--"_'_'_
The study was conducted on twelve (12) selected small towns’ water systems and

-

—determined the Capital Expenditure (CapEx), Operation and Maintenance Expenditure

(OpEx), the Capital Maintenance Expenditure (CapManEx) and support costs of running

Joseph Kwame Asante 3 MSc Thesis, February 2010
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the systems. The OpEx and CapManEx could not be determined for five (5) of the water

systems due to unavailability of data.

1.5 Structure of the Report

The report is presented in six chapters. Chapter one provides background information,
problem statement, the objectives, scope and justification of the study. Chapter two
provides review of available literature on the subject of study. Chapter three introduces
the Small Town’s Water Sector in.Ghana and provides the key elements of the
community water and sanitation policy of Ghana. Chapter four introduces the study area
and explains the methodology used for the study. In Chapter five. the results and
discussions of the study are provided. The final chapter also provides conclusions drawn

from the discussions of the study and further provides some recommendations.
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CHAPTER TWO: LITERATURE REVIEW

2 INTRODUCTION

This chapter presents literature review on sustainable service delivery and factors
influencing it, the cost of sustainable water service delivery, cost recovery and financial

sustainability of water service delivery.

2.1 Sustainable Water Service Delivery

Carter et al. (1999) cited pragmatic definition of sustainability as “whether or not
something continues to work over time”, The document reveals that in the context of
water and sanitation service delivery, the test of sustainability is whether water
continues to be abstracted at the same rate and quality as when the supply system was
designed and constructed, whether the excreta and wastewater disposal systems continue
to function and be used as planned, and whether environmental quality continues to
improve. The document further reveals that “if potable water flows from water supply
system, then all of the many elements which are required for sustainability must have
been in place. There must have been money for recurring expenses and for occasional
repair, there must have been acceptance from the consumers of the service, the water

source supplying the service must have been adequate, the design must have been

= _'_.__,._r-""_ - -
properly done, and there must have been sound construction of the water system.
_ Davisand Brikke' (1995) also points out that, Water supply service is sustainable if the

water source is not over exploited but naturally replenished and the water system is

Joseph Kwame Asante 5 MSe Thesis, February 2010
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maintained in a mndifinn which ensures a reliable and adequate potable water supply.
Also the benefits of the water supply must continue to be realized by all users over a
prolonged period of time.

Collins (2000) suggests that the management of water systems afler its inauguration
does not always receive due attention and it is in this areca that the concept of
sustainability comes under the greatest pressure. The document pointed out that
assumptions made and activities undertaken during the planning phase of the water
system must be examined for long-term implications, and measures must be taken to
ensure that the sustainability of the system i8 nol compromised. It revealed that the
management of all phases of the water service delivery process depends critically on the
degree of community participation in each of the relevant activities. It further points out
that community invelvement and participation is a vital and indispensable element in the
long-term sustainability of water supplics, and this concept must be reflected in the
activities of planning, implementation and management of water supply systems, Carter
et al. (1999) however, reveals that sustainability, in the sense of continued delivery and
uptake of services, is threatened by numerous attitudinal, institutional and economic
factors, and community participation approaches alone are no guarantee of success. The
key to sustainability is that all stakeholders involved in consumption/use, maintenance,
cost recovery, and continuing support perceive it in their best interest to deliver high

quality serviges.

_.-l"-.-.-_._'_

Montgomery et al. (2009) proposed three necessary sustainability components as a
—fsundation for sustainability for water and sanitation services that can be researched,

expanded, and refined by engineers, scientist, and practitioners in order to inform
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¢vidence-based pn]icin::s that promote long-lerm functionality in water and sanitation
supplies. The proposed components are: (1) effective community demand, (2) local
financing and cost recovery, and (3) dynamic operation and maintenance. From an
extensive study in rural Sub-Saharan Africa on these components, the document outlines
(1) participatory planning, (ii) appropriate technological choice and (iii) social marketing
as enabling factors for effective community demand. For local financing and cost
recovery, (i) local borrowing and saving schemes and (ii) financial planning and
community cross-subsidies were also outlined as enabling factors In the case of dynamic
operation and maintenance, (i) clear management responsibilities, (i1) accessible spare
parts and technical expertise, (iii) monitoring and evaluation and (iv) ongeing outreach
and support were outlined as enabling factors. The document further outlines the main
obstacles for the three sustainability compenents as follows: (i) physical isclation, (i)
limited time and resources, (iii) lack of incentives, (iv) technology based on donor
preference and (v) little awareness regarding social marketing approaches were outlined
for Effective Community Demand. For Local Financing and Cost Recovery, (i) lack of
financing services, (ii) bureaucratic process for ebtaining loans, {iii) limited knowledge,
and (iv) mistrust of water and Sanitation funds were outlined. In the case of Dynamic
Operation and Maintenance, (i) lack of consensus, (ii) isolation of rural communities,
(iii) local technicians not supported financially and (iv) lack of incentives for donors to

provide long-term support were the outlined obstacles. The document finally proposes

By FH_H-...--_._'_ " . " -
ways of overcoming these obstacle as follows: (i) earmarking sufficient planming funds
—improject budget,(ii) selection of technology based on local choice and socioeconomic

conditions,(iii) promotion of neighborhood person-to-person behavior change messaging
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and (iv) development of local critical thinking skills in schools were the ways proposed
to overcome the obstacles for Effective Community Demand. In overcoming the
obstacles for Local Financing and Cost Recovery, (i) enabling communities to establish
their own funding schemes, (ii) provision of training and continues support for financial
planning and (iii) creation of a system to allow for equitable access to water and
sanitation services were proposed. In overcoming the obstacles in achieving Dynamic
Operation and Maintenance, the proposed measures were.(1) facilitating open discussion,
(ii) creation of community-based financial plan.(iii). ineluding main users in decision-
making process,(iv) allocating funds for M&E in project budget and (v) formalizing
operating procedures.
According to the O & M guidelines for Small Towns Water Systems in Ghana (CWSA,
2004), a water system is said to be opcrated and maintained in a sustainable manner if
the five items listed below which will be considered in this study arc achieved,
a. The water system delivers to consumers the design quantity of water over the
design life of the water supply system,
b. Producing waterto Ghana Standards Board Water Quality Standards.
¢. Delivery of water in a cost effective manner (in accordance with tariff
guidelines).

d. Delivering water in a virtually uninterrupted manner (at least 95% of the

time).
- e _'_'__,--""-_-_._'_
e. Planned routine and periodic maintenance are carried out for all electro

—  mechanical equipment and civil works structures
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2.2 Factors Inﬂuen!:ing Sustainable Water Service Delivery

According to Brikke” (2000), sustainable water service depends to a large extent on
cifective and cfficient operation and maintenance of water systems and factors that
contribute to sustainable water service have a direct influence on operation and

maintenance of the water supply systems. The document revealed and explained the

factors as follows:

2.2.1 Technical Factors- the selection of technology for the water supply system, the
complexity of the technology and its capacity to respond to a demand and a desired
service level, and the impact of it on the environment. Also, the technical skills required
in operating and maintaining it, the availability, accessibility and cost of spare parts. and
the consequent cost of maintenance of the system influences the sustainability.

2.2.2 Community Factors- the availability of technical skills to operate and maintain the
water supply system within the community, and to implement preventive maintenance
activities and carry out miner and major rcpairs. The ability and willingness of
community members to demand and pay for the water seryice, the participation of all
social groups within the community both men and women, existence of financial and
administrative management carried oul by a legitimate and organized community
structures, the felt need for an improved water service provision by the community, the

socio-cultural aspects related to water in the community and the individual domestic

— o i

and collective behavior regarding hygiene and sanitation.

A
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2.2.3 Environmental Factors -the environmental faciors which are likely to influence
operation and maintenance as well as sustainability as a whole are the quality of the

water source, its quantity and continuity which will in turn influence the choice of

technology of the water supply system,

2.2.4 Legal and Institutional Framework -the technical, community and environmental
factors evolve within a legal and institutional framework and therefore there is the need
for clear policies and strategies towards operation and maintenance at the national level
which can be implemented. Support activities, such as technical assistance, training,
monitoring, water quality control, and the setting up of alternative [inancing

mechanisms are all likely to influence sustainable waler service delivery.

Montgomery et al. (2009) also cited eight main identified sustainability factors as:
policy context, institutional arrangements, financial and economic issues, community
and social aspects, technology and natural environment, spare parts supply,
maintenance, and monitoring. These identified factors agree with the factors offered by
Brikke' (2000). This study found the factors exhaustive enough and explored the factors
on the water systems under the study. This was to ascertain whether any of these factors

ever affected sustainable water service delivery from the selected water systems.
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2.3 Cost of Water Service Delivery

Cardone and Fonseca (2003), summarized the cost of water service delivery in three
main components as (1) Financial Cost (capital cost of the service infrastructure,
operation and maintenance cosl, and servicing capital cost), (2) Economic Cost
(environmental cost and opportunity cost) and (3) Cost of Sustaining the Service
(institutional capacity building and skills training, monitoring and assessment, policy
formulation and creation of enabling environment)

According to Brikke  and Rojas (2001), although there are multiple ways to classify cost
of water service, it is accepted that water supply services produce three types of costs;
(i) initial investment costs, (ii) recurrent costs and (iii) future investment costs. The
document further reveals that it is possible to distinguish between fixed costs, which
are independent from the level of water consumption. and variable costs, which change
according to water consumption. The document further provides operations and

maintenance costs of delivering sustainable water service to include the following:

Material costs — cost of consumables, chemicals, energy, toels, spare parts and

equipment

Works personnel cost — cost of staff involved in operation, maintenance, routine

preventive maintenance, repairs, and construction for minor rehabilitation

Management personnel — cost of stafl involved in planning, supervision, [inancial
e - _.-—'-'_'-._.-_._.__

management, administration, and monitoring

—tTRancial costs - interest, amortization, depreciation, exchange rate variations, inflation

Environmental costs - water source protection and conservation, waste water treatment

Joseph Kwame Asante 11 MSc Thesis, February 2010
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Support cosis — (raining support, technical assistance, institutional strengthening,

monitoring and cvaluation

Future investment costs — cost of major overhauls (rehabilitation), replacement, and

extension

Other cosls — \ransport, services paid to a private contractor, unaccounted for water due

to leakage, bad administration and vandalism.

The document [urther suggests that.operation and maintenance costs are not only
subject to a certain periodicity bul are also subject to variations due 1o the economic
environment, inflation or exchange rate fluctuations which can influence the price of
spare parts or energy. It asserts that while identifying these costs, it is important to
highlight not only cost items, but also their periodicity and possible variations over time.
It reveals that expenditure on spare parts is also irregular and varies according to the
quality of operation and maintenance, and to the type of spare parts and that spare parts

are divided into three categories as follows:

1) Frequently needed which should be kept as close as pessible to the village (shop.

mechanic);

2) Occasionally needed (every six months or year), which can be at a major centre close

by;

3) Thuse,- needed for major rehabilitation or replacement (every few years) which can be

—kept at the local region or state capilal.

Joseph Kwame Asante 12 MSc Thesis, February 2010



Quantifying the cost of sustainable water service in selected Small Towns in
Central Region

Baumann (2002) alst suggest that the cost of maintenance is often quoted without
reflecting the full cost. The document reveals that the real cost of maintenance includes
cost of spare parts, distribution, transport, labour, cost of establishment of support
organizations, etc. The document further suggest that many of these cost items are
difficult to quantify, as for instance a community member might travel a full day to buy
spare parts and would not calculate the cost for lost labour and travel. It is cited in the
document that for the sake of simplicily, most studies.iry lo.separate these aspects and
calculate only the cash contribution a community has to make, i.e. repairs and spare
parts. It is also found in the document that costs for maintenance range from about US$
0.10 (for direct action hand pumps) to US$ 2.50 (for diesel pumps) per capita and per
year, It points out that the cost analyses normally exclude depreciation, which means the
cost of rehabilitation and replacement of equipment are not counted. The document
asserted that the costs of rehabilitation and replacements are often covered under
development budgets and seems to makes sense for it not to be considered under the
analysis of cost of maintenance. It however, further reveals that at macro level, it would
be necessary to look inte the economic costs of rehabilitation and that the cost paid fully
by the communities is only one component of the total maintenance cost. In addition to
this part. it is necessary for governments or district authorities to budget for back up
services i.e. extension/supervision, well maintenance, ete.

Davis and Brikke' (1995), identified how to optimize costs of water service or reduce

i _,-a-"""'-_-___
O&M cost as an important aspect of water service costs analysis and provided the

—Tollowing as ways at which water service costs can be significantly reduced or

optimized:
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* choosing a technology with inexpensive spare parts and/or inexpensive

operating costs

» reducing the transport costs to go and buy spare parts and chemicals (making
spare parts more accessible and available)

* reducing dependence on chemical use (alternative water treatment technology
for instance, such as multi-stage filtration system)

* reducing dependence on fuel orjelectric consumption by using solar, gravity, or
wind energy

e firmly installing a maintenance culture within the community and professional
staff

» organizing preventive maintenance activities where users are also involved

» installing systematic leakage control

e applying economies of scale for larger systems (reduces costs for the consumer)

e applying a control for unaccounted-for water (because ol both leakage and bad
management)

installing proper adminisirative and financial control mechanisms.

2.4 Cost Recovery and Financial Sustainability of Water Systems

In Ghana, water users in rural communities and Small Towns are not supposed to pay up
to 95% of the initial investment of providing water systems because this is paid by the
guvemment—;;d “externalagencies. (CWSA, 2004) As cited by Davis and Brikke’

(1995), governments are facing the greatest difficulties in meeting recurrent costs of

providing water service, and the tendency is to make beneficiaries pay for the water they
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use, in order to recovﬂr‘panially or totally the costs of supplying this service, and to give
to the communities more responsibility in the actual management of the water supply
system. Support costs have been subsidized by the government and external agencies in
the past but for financial sustainability of water service delivery. full coverage of O&M
costs 1s the eventual goal for which communitics will need to contribute both the direct
and support costs of O&M, especially if replacement costs have to be included. In some
cases, O&M funds are expected to pay for the complete overhaul and replacement cost
of equipment when it wears out.

According to Brikke ' (2000) tariffs are used primarily to recover the cost of providing
water service and designing a tariff requires that one keeps in mind equity, affordability
and willingness to pay. We have to ensure equity in the sense that, all members of the
community, rich/poer, men/women, should have equal access to the benefits of the
improved water supply service. O&M costs can only be recavered from users if they are
both able and willing to pay for a water supply. The document points out that people
should not have to pay more than 3-5% of their income for water and sanitation services
(affordability criteria) and that a higher percentage of income expended on water will
mean other important needs may not be fully met.

Setting up a tariff should be done with and by the community, as it will allow the
community to bear the full responsibility of applying the decisions made, and as it will

be better accepted by the community. It is inevitable that overtime tariff levels and

structure have to be revised as a result of demand patterns, changing costs structure,
—irTation, and the need for increased funds for major expansion. Delays in adjustments

of tariffs can have serious consequences for financial sustainability of the water service
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delivery and is thr:rcforf: appropriate o review the tariff levels and structure at least once
a year for piped schemes and once every two years for others. (ibid)

Nyarko et al. (2007) reveals that cost recovery of water services refers to the recovery of
all costs associated with a water system, programme or scrvice to ensure long-term
sustainability. It is therefore important to know the cost elements and how best to
recover the cost to sustain the services. It is cited in the document that Rogers et al.
(2002) identified the various cost components and then distinguished between full
supply cost, full economic cost and full cost. The cost components are operation and
maintenance costs, capital costs, opportunity costs, and costs of economic and
environmental externalities. The operation and maintenance costs and the capital
charges represent supply cost, Supply cost, opportunity cost and economic externality
constitute the full economic cost. Opportunity cost represents forgone benefits for the
next alternative use. Economie exlernalities may arise from the changes in economic
activities as a result of the project. The full economic cost and environmental externality
constitute the full cost. The public health externalities, for example, may include
pollution from wastewater, whilc the cost imposed on the ecosystem constitutes
environmental externalities.

Full recovery of cost from users results in economic efficiency, which in theory results
in optimum water use with neither over usage (wastage) nor under usage (below

adequate health and other criteria). Full cost recovery therefore provides incentives for

e _F____..---'—'_'_ !
the efficient use of facilities. The cost may be determined based on historical or

—fmarginal costing. The historical approach is based on cost that has actually been

incurred. whereas marginal cost is based on the cost of expanding services. The question

Joseph Kwame Asante 16 MSc Thesis, February 2010



Quantifying the cost of sustainable water service in selected Small Towns in
Central Region

of which cost Sh(]l.llii] be recovered is ofien a dilemma for both planners and
communities. The way out of this dilemma is to discuss this question and review various
possible options (ibid). As cited in the document, the various options according (o
Brikke * & Rojas (2001) include immediate full cost recovery, progressive full cost
recovery, recovery of only operation and maintenance, and recovery of only operation
and maintenance with an initial subsidy. As a minimum, the supply cost, which is the
operational and capital cost, should be recovered to ensure sustainable service delivery.
It is therefore important to ensure that this cost is.recovered from the beneficiaries, and
when this genuinely cannot be achieved then elear mechanisms for subsidies should be
put in place to ensure sustainability,

It is also cited in the document that a survey of water charges in 122 developing
countries by Briscoe and de Ferranti (1988) revealed that there was no cost recovery in
28% of the countries, and only part of the operation and maintenance costs were
recovered in 30% of the countries. Full cost recovery was attempted in just 6% of the
countries studied. Studies by Dworkin (1980) suggest that the water supply systems that
provide the most reliable service are those where communities contribute to operation

and maintenance costs in full.
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CHAPTER THREE: THE SMALL TOWN’S WATER SECTOR IN GHANA

3 Introduction

This chapter provides an overview of Small Towns Water Sector, the key elements of
the community water and sanitation policy in Ghana, the sector policy on financing

Water and Sanitation projects and finally policy on operations and maintenance of small

town's water systems.

3.1 Overview of the Ghana water sector

The Ghana Water and Sewerage Corporation (GWSC) now Ghana Water Company
Limited (GWCL) had the responsibility to provide and manage potable water supply and
sewerage services for domestic and industrial purposes throughout Ghana until the year
1994 as indicated in the Strategic Investment Plan (SIP) document (CWSA, 2008). The
Government of Ghana (GOG) launched a National Community Water and Sanitation
Programme (NCWSP) in the year 1994 1o accelerate the delivery of water and sanitation
services to rural communities and small towns and ereated the Community Water and
Sanitation Division (CWSD) within the GWSC. In 1998, the government established the
Community Water and Sanitation Agency (CWSA), and gave it mandate to facilitate the
provision of sustainable potable wﬁtcr and related sanitation services as well as hygiene
promotion to rural comma_md small towns., The CWSA was to exercise its

—smardate through resource mobilization, capacity building, standards setting and quality

assurance with the active participation of all stakeholders (ibid)
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3.2  Definition of Small Town Water Sector in Ghana

The Small Towns’ water supply sector is part of the community water supply sector. It

consists of CWSA, District/Municipal Assemblies, DWSTs, WSDBs and community

members in these towns. According to the small towns policy document (CWSA,2003),

small towns are defined as communities of between 2,000 and 50,000 population who

require improved water supply and related sanitation facilities. The towns are further

categorized based on population as indicated in table 3.1

Table 3-1: Population categorization of rural communities

Cﬂ_t-e:gur'y

Category 1

Category Il

Population r'_a}]ge

~2.000-5.000

Category I11

15,001-30,000

; Category IV

~30,000-50,000

According to CWSA national diary (CWSA, 2009), within a little over a decade (1994-

June?ﬂﬂﬂ}-&éim’rﬁﬂemtllﬁng—ﬂ'ttﬁf.‘WSR there has been significant acceleration in the

water and sanitation facilities to rural communities and small towns in Ghana. Delivery

T
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figures for Piped S}fStcl:ns now stand at 272 for Small /Rural Communities Schemes and
322 Small Towns systems making 594 constructed Piped Systems.

3.2.1 Typical Technologies of Small Town Water System

According to the small towns policy document (CWSA, 2003), the main water supply
technologies to be adopted for small towns water service delivery shall include:

a. Groundwater based piped systems;

b. Spring or highland water supply systems (Gravity systems);

c. Surface water/Slow sand filtration piped systems;

d. Package Treatment Plants;

e. Other technologies to be adopted, where necessary.

3.2.1.1 Water Source Selection

According to the document the selection of water sources should ensure minimum
development costs, and should be in accordance with the following order of preference:
a. Groundwater abstraction;

b. Springs;

¢. Relatively unpolluted surface water sources;

d. Polluted surface water sources.

3.2.1.2 Energy Source Selection
The Selection of energy sources according to the document shall be in accordance with
et e

the following order of preference:

&, Grid Electricity;
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b. Solar Energy:

¢. Diesel Generator.

3.2.2 Life Span of Small Towns Water System

According to the small town policy document (CWSA, 2003), the general design life for
construction of Small Towns Water Supply Systems shall be 10 years from the expected
time of commissioning and individual components of the system may have varying
design periods determined from the. expeeted time of ‘commissioning between a
minimum of l10years to a maximum of 15 years, For tariff setting computations, the
Small Towns Operations and Maintenance (O&M) guidelines policy document (CWSA,
2004) provides the design life of Small Towns water systems to be 25 years. For this

study the life span of small town water system is taken as 20 years.

3.3 Water Sector Rcfurms

According to the SIP document (CWSA,2004), in the year 1993, the Government of
Ghana initiated reforms in the water sector as part of measures to accelerate the
provision of water and sanitation service to the people of Ghana. Key elements of the
reforms were the decoupling of rural water from urban water supply, the establishment

of promotional and regulatory bodies and the encouragement of increased private sector

paﬂicipati@_’jh the water supply proeess.

_-_--_._--_ j "
The significant reform actions taken since the year 1993 are summarized below:
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a) The ceding of ,- urban sanitation and public health activities to the District
Assemblies with the promulgation of the Local Government Act
b) The setting up of the CWSA (o cater for rural water supply and water related
sanitation activitics
¢) The conversion of GWSC, from a State Corporation, to GWCL (a limited
liability company) to enable it perform its function under the Companies Code
d} The transter of over 110 small towns water systems from GWCL to District
Assemblies for community management
e) The establishment of the Public Ultilities Regulatory Commission (PURC) to
regulate tariffs and activities of public utilities
f) Establishment of the Water Resource Commission (WRC) to control the use and
development of all water resources in the country.
GWCL was given responsibility for urban water supply, while District Assemblies and
communities were enabled to provide these services to rural and small towns, facilitated

by the CWSA on a demand-driven approach,

3.4 Key Elcments of the Community Water and Sanitation Policy

The key elements of the Community Water and Sanitation policy are the following:

1. Demgigl.respcnsixggppmaoh through which communities decide whether they
want to participate and their preferred service level based on their willingness to

_--_._--_ -
fulfill a number of obligations, including contribution toward capital cost
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2. Decentralization of planning, implementation and management of services by:

a. Making communities decision-makers and managers of the water supply and

sanitation facilities

b. Making District Assemblies more autonomous and better able to assist
communities to obtain improved services and

c. Linking the NCWSP into Distriet Development Plans and activities

(]

Intensive community development and training programmes to ensure that there

is adequate understanding of the overall programme concept and strategy, to

enable communitics make informed choices about preferred service levels and

management options, and acquire the skills to sustain services

4. Private sector (including NGO) provision of all goods and services, and
responsiveness (o the communities

5. Public sector playing a facilitating role with the CWSA managing the NCWSP,
providing technical assistance to District Assemblies and strengthening private
sector participation and capacity

6. Stakeholder consultation, including External Support Agency and NGO co-

ordination, joint annual reviews and sharing of experiences

M

— g e .
7. Encouraging learning, innovation, participatory monitoring and evaluation, and

— impact assessments, especially in areas such as:
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a. Full pa.ﬂ.i'cipatinn of women at all levels of the programme

b. Application of low cost technology and service level options

c. Effective hygiene promotion and training

d. Sustainable supply chains of goods and services and especially spare parts
at the local level

e. Targeting areas that have lower coverage, and

f. Increasing the role of communities in decision-making, service financing

and implementation. (ibid)

3.5 Water Projects Finance and Cost Recovery Policy in Small Towns Sector

As cited in the SIP document (CWSA, 2004), the CapEx portion of providing water
service is provided by the Government with assistance from Extérnal Support Agencies
(ESAs) and the beneficiary community members, The government and the ESAs
provide 95% of this capital cost while the communities contribute 5% of the cost. The
reviewed policy of CWSA on this indicates that, after the initial community
contribution, water tariffs should cover operations and maintenance, major repairs,
replacements and extension to new areas (CWSA 2003). Thus, the tariff should recover
the supply cost of the service. The support cost, which is the cost of running the WASH
sector mainly, comes from the government of Ghana and the ESAs. The majority comes
from the gpjiéi;ﬁment anE _about 15 % of the investment provided by the (ESAs) is
allocated to the government agencies (as management fees) to manage the

— 1.
implementation of the projects. By this procedure, the communities are supposed to pay
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for the operations and maintenance of running the water systems and also pay for
replacements and expansions works of the water systems. The policy stipulates that

community piped systems should be designed to ensure that tariffs do not exceed the

cedi equivalent of 1 US$/m’ of water used,

The model bye-laws on establishment and operations of WSDBs published by the
government (MLGRD&E,2008) enjoins the WSDBs to.establish at least three accounts
which shall be designated as “Operational Account”, “Capital Account™ and *Sanitation
Account”. The document reveals that the WSDBs shall make payment at least weekly of
all revenue accrued from water sales and other receipts to the Operational Account and
shall pay all regular operation and maintenance costs from it. It also has it that the
Capital Account shall be used for major repairs, extensions and replacement of the water
systems and that the capital account shall not be used to support routine operation and
maintenance. It request the WSDBs to make monthly payments of not less than 20% of
the net monthly revenue accrued from water sales after all operation and maintenance
costs have been paid into this account. The document further reveals that
District/Municipal Assemblics may allocate funds annually through its regular
budgetary allocation to the capital account. It also reveals that the sanitation account
shall be used to promote sound sanitation and hygiene practices in the communities

including houschold latrine construction and waste water management. It task the

——— H_'_,_..--"-_'_'_
WSDBs to make monthly payment of not less than 10% of the net monthly revenue

—mcerued from water sales into this account. It again states that the DistrictMunicipal

Assemblies may allocate funds annually into the sanitation account through their regular
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budgetary allocation. '_Fh:: government policy on who pays for major rehabilitation
works resulting from design errors and inappropriate technological choices of water
system in the small towns’ sector is not clear. This is also confirmed in the Operations
and Maintenance guidelines of the CWSA for small town's water systems where the
cost elements have been listed and include both operational and capital expenditure
(through depreciation of the various assets). Sector Policy on Operations and
Maintenance of Small Towns Water Systems

According to small towns policy (CWSA, 2004), the key policy in operation and
maintenance of small towns’ water supplies is sustainability. Here a system is

considered sustainable if it can meet the following requirements.

| Delivering to consumers a (uantity of water in according with CWSA design

criteria.
2. Producing water to Ghana Standards Board Drinking Water Quality standards.

3. Delivery of water in a cost-effective manner in accordance with tariff guidelines

and to the approval of the District Assembly.

4. Delivering water in a virtually uninterrupted manner (at least 93% of the time).

= .;-'—".-.---_-_'_'_ -
The second facet of this policy is the carrying out of planned maintenance for all

—NTechanical/Electrical equipment and Civil Works structures.

Joseph Kwame Asante 26 MSc Thesis, February 2010

LTRRE®Y
FWANE B 7UMAR L TFTr M
BCIENCE a%Q TFOME  LEI
EUMASI-CGHANA



Quantifying the cost of sustainable water service in selected Small Towns in

Central Region
e ——

Furthermore there will be systematic, continuous recording of Technical, Financial and
Administrative data on the operation and maintenance of the water supply systems for
analysis, decision making and reporting. Reporting by communities shall be to District

Assemblies with copics to the Regional office of CWSA.

There will be training of stafl of Private Companies/Communities who will run the
Water Supply Systems. They will be given practical training.in the ficld and theoretical
training in an institution to be followed by certification and follow up. Retraining will

be provided at periodic intervals.
In general, the water supply system will be operated in accordance with;
(a) Equipment manual directions

(b) Manual of Operations (to be prepared by Small Towns Consultants)

There are three main options for Management of Operations and Maintenance of Water

Supply Systems.

1 The Community through its WSDB and employees, operates and maintains the
Water Supply System entizlaly by itself, with a trained Manager, Operator, and

- _H_,_,_.--"_'_'_ L
Financial/Administrative staff, calling upon the services of plumbers,

— electricians, mechanics etc., within the community and its staff hired or on a

retainer basis from within the community.
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2. The community through its WSDB hires staff to see to its daily Operation,
Financial, Administration, Technical) and Maintenance and signs a contract with
a firm or firms to perform other technical, Financial or Administrative functions
on a periodic basis, such as the preparation of Financial reports, internal auditing

or some aspects of planned maintenance.

A The community through its WSDB ¢ontracts .a-firm to completely operate and
maintain the Water Supply System ineluding meter reading, billing and revenue
collection, for an agreed fee, to set performance standards for a set period of

time.

Each WSDB, in consuliation with its community must take a decision on its

management option.

However, the most appropriate option chosen depends on four main factors:

e The Complexity ol the Water Supply System Technology
e The quantity of water being produced/number of people served,
e The location of the communily in relation to major road networks, and

commercial centers, and finally
s == T, o

s The commitment of the community.

——
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Generally, the following guidelines shall apply:

1. Communities with up to 5,000 people served with groundwater, spring based or
slow sand filtration systems may adopt Option 1, provided they are interested and

committed to the operational management of the Water Supply Systems themselves.

2. Communities of 5,001 — 15,000 people served with simple borcholes, gravity or

slow sand filtration based piped systems may adopt Option 2.

3. Communities with populations of above 15,000, and/or communities served with
complex Water Supply’ Systems may necessarily adopt Option 3, unless they have the

requisite expertise within the commumity,

Other options may be considered exclusively for the production and distribution
components of the Water Supply System. Option 2 or 3 may be adopted for the
management of the production component of a system, provided it consists of a surface
water treatment plant or several mechanized boreholes. However, the same or a different
option may be adopted for the distribution network, depending on its size and

complexity.

- _'_'_,_..--"-_'_'__ L
Public Education should be carried out regarding the complexity of operation and

—fhaintenance of large schemes during the mobilization and construction phases of the

project cycle before commissioning of the Water Supply. -
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CHAPTER FOUR: STUDY AREA AND RESEARCH METHODOLOGY

4 INTRODUCTION
This chapter gives brief description of the study area and background to the small towns
water systems used in the study. It also gives the method used in carrying out the study

which explains how sampling was done, procedure for-data-identification and collection

and analysis.

4.1 Study Area

The study was conducted in the Central Region which lies in the southern and coastal
part of Ghana occupying an area of 9,826 sq km ol the total land area of 238,533 sq km
of Ghana. The selected small town's waler systems for the study are located in seven
municipal/districts assemblies out of the now seventeen municipal/districts in the rcgion.
The names of the interested assemblics are, Assin Nerth and Upper Denkyira East
Municipal, Assin South. Twifo H¢man Lower Denkyira, Komenda Edna Eguafo Abrem,

Asikuma Odoben Brakwa and Awutu Senya Distriets.

Joseph Kwame Asante 30 MSe Thesis, February 2010



Quantifying the cost of sustainable water service in selected Small Towns in

Central Region
e ——— S

4.1.1 Location Map

The location map of the sclected small towns under the study is as shown in Figure 4.1

Legend: Districts of the selected Small Towns

District No. Name
Ib Upper Denkyira East Municipal
Za Assin North
2b Assin South
3 Twifo Heman Lower Denkyira
4 ~  Asikuma Odoben Brakwa
5 Komenda Edina Egualo Abrem
6 Awulu Senya
= ————
SR
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Figure 4-1; Location map of Study Small Towns

e
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4.1.1 Demography and Socio-Economic Characteristics

According to the national 2000 census data, (GSS, 2000), the estimated total population
of the region is 1.6 million people out of which | million is rural population. It has a
population density of 161 inhabitants per square kilometer and a population growth rate
of 2.1%. The main economic activities in the region are farming especially in the
hinterland and fishing along the cdast. The main food crops cultivated in the region
include cassava, maize, plantain, yam and sweet potatoes. The region also has cash
crops such as cocoa. oil palm, coconut and ¢itrus as well as vegetables such as tomatoes,
pepper, garden cggs and onions. Goats and sheep are the main animals reared by farmers
in the majority of villages. Some villages raise a few pigs, as well as some back-yard

animal like fowls, ducks, rabbits elc.

The trade sector in the region may be classified into the light commerce, the fish-
mongering and the food-selling. Villagers use the services of several banks in their
district for opening current accounts, savings accounts. or getting loans, Among such
banks are the Rural Banks and the Commercial Banks, The region is endowed with a lot
of tourist attractions, which makes the region leading in tourism. Al 1ls coasts one can
locate various forts and castles, which includes the Elmina and Cape Coast castles.

There are ilzf.’{i"fbrast raswh include the Kakum National Park with a canopy

walk. Trading, catering and hotel businesses are therefore important economic activities

ep—
in the region. The Ghana living standard survey revealed an average annual per capita
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income in the region as Ghe 464 higher than the national average of Ghe 397 per capita
(GSS. 2008).

4.1.2 Geology and Hydro-geological Conditions

The geology of the Central Region broadly comprises Pre-Cambrian Basement rocks
overlain by small areas of Palacozoic, Mesozoic and Tertiary sediments at two locations
on the coast. The basement broadly falls inta two greups, volcanics and sediments that
have been replaced and metamorphosed by igneous intrusive granitic and basic rocks.
More than two-thirds of the Ceniral Region is underlain by the Cape Coast Granite
Complex, with Birimian and Tarkwaian rocks in the northwestern districts and Birimian,
Togo Series and Sekondian rocks along the coast. All groundwater resources in the
Central Region, apart from Lhﬁse in the small tertiary basin, are located in the
discontinuous aquifers formed by the weathered and fractured part of the Granite

complex.

4.1.3 Ground Water Quality

In the Central Region salinity is a major problem in coastal aquifers. Although deeper
boreholes drilled in this area may tap into Secondian aquifers with freshwater, the
groundwater encountered in the coastal aquifers is generally too saline for water supply
purposes. ;iiis_'d'due to the shallow nature of basement aquifer units in the region, they

are relatively susceptible to microbial or industrial pollution in urban environments.

m——
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4.2 Data for the Study

The study captured data on technology, the components and characteristics of selected
water systems. It also captured the Capital Expenditure (CapEx) of providing the
systems, the Operations and Maintenance Expenditure (OpEx) of running the systems,
the Capital Maintenance Expenditure (CapManEx) and Support cost. The conceptual
frame work for quantifying the cost of sustainable water service delivery and the

framework indicating details of the Cost Components of water service delivery for this

study are shown in figures 4.3.1 and 4.3.2,
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1. Construction and Construction Supervision Cost
2. Community Mobilization and Sensitization
3. Capacity Building and Hygiene Promotion

c
! CapEx :._._.
|

1. Routine Maintenance
| 2. Stationery
: OPEH " 3. Energy

4. Personnel
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e 6. Transportation

7. Miscellaneous

1. Major Repairs
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Figure 4-3: Framework of Cost Components of Water Service Delivery

The components of the conceptual framework provide the cost elements of achieving

sustainable water service delivery. Explanations to these cost elements are provided as

follows: SRS
———
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4.2.1 Capital Expenditure

This s the expenditure made  in designs, construction and construction supervision
towards the provision of the service infrastructure. It also includes the cost of
community mobilization and sensitization, capacity building and hygiene promotion in
connection with the provision of the water service infrastructure. For a typical water
supply systems based on groundwater resources, the capital expenditure includes the
cost of community mobilization and sensitization, hygiene promotion, establishing
water sources and installing electric submersible pumps operated by electricity from the
National Grid or other sources of electric energy. It also includes the cost of
constructing water transmission and distribution pipelines with the necessary fittings,
the water storage reservoir, the public standpipes and possibly a restricted number of
private connections and Water Boards offices. It may also include the cost of package

treatment plants for addressing possible water quality problems.

4.2.2 Operation and Minor Repairs Expenditure
This covers the costs of day-to-day operations of the facilities and consists of salaries,
administrative cost, energy use¢, materials, ete. It also includes the cost of carrying out

minor repairs and preventive maintenance of the service infrastructure.

4.2.3 Capital Maintenance Expu-nditure

== = ; : .
This covers the expenditure on major repairs, replacement of worn out parts of the water

—se<terri and the asset rehabilitation and possible future extensions.
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4.2.4 Sector Support cost

This covers the cost of institutional strengthening, capacity-building, back-up support,
and regulation, monitoring and policy formulation in the water sector. For this study the
sector support cost is limited to the cost of instilutional strengthening and capacity
building at regional and district levels with respect to WASH activities, It also includes
the cost of back-up support and monitoring WASH activities at the regional and district
levels. Cost of back-up support and monitoring actiyities includes staff salaries, field
allowances, cost of fuel and vehicle maintenance etc., and the cost of institutional
strengthening and capacity building includes cost of staff training, provisions of logistics

for work and the cost of organising capacity building workshops and conferences.

4.3 Selection of Systems for the Study

The sampling technique adopted was the Purposive Sampling where systems which
were expected to have some level of record keeping of their operations were selected.
Seven (7) out of Twelve (12) Small Towns water systems constructed in 1998 in the
region were selected because they have been in operation for about a decade as at the
time of the study and have kept some operatienal records. However, the other five (5)
systems were included in the study for objective 2 of this study to help understand the

factors affecting the cost of sustainable water service delivery.

s - o —

m— e
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4.3.1 Data Cnllectiup

The following steps outline the data sources and collection procedures.

4.3.1.1 Data sources

The CapEx of the water schemes was identified and obtained from project completion
report as sccondary data at the Central Regional office of the CWSA.

The OpEx was identified and obtained from the water sysiem operational records in the
selected small towns at the Water and Sanitation Development Boards (WSDBs) offices.
The rehabilitation cost component of the CapManEx was identified and obtained from
payment certificates at the accounts department of the regional CWSA office. The other
components of this expenditure were identified and obtained from the operational
records at the WSDBs offices.

The Support cost was identified and obtained at the accounts departments of the regional

CWSA and the District Assembly (DA) offices.

4.3.2 Data Collection Procedure

The data collection procedure comprises of review of preject completion reports and
contract payment certificates, the use of tables and checklist to gather data from

operational records and field investipations.

-

p——

—

43.2.1 Review of project completion reports and Contract Payment Certificates

~Project completion reports and contract payment certificates were reviewed to obtain

data on CapEx and rehabilitation costs of selected water systems. Data on the water
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system components and characteristics were also obtained from review of project

completion reports.

4.3.2.2 Use of Tables and Checklist

Tables and Checklist were developed (o guide the collection of OpEx, CapManEx and

Support cost data. Copies of tables and checklist are attached in appendix 4

4.3.2.3 Field Investigations

Field investigations of the selected small towns” water Systems were undertaken to

determine factors which affected the cost of sustainable water service delivery.

The whole data source and collection procedure is summarized in Table 4.1 below.

Table 4-1: Summary of data source and means of collection

Data Type Source of Data Means of daia collection Date
Data on Water Sysiem
System  components Project completion | Review  of project | August
and characteristics report at the regional | completion report 2009
CWSA office —
Costs Data
Initial Investment cost | Project completion | Review of  project | August
of water systems réport at the Central | completion report 2009
Regional office. of
CWSA
Rehabilitation cost of | Contract payment | Review  of payment | August
water systems certificates at accounts | certificate 2009
department -of regional
E office of CWSA
Operation— —— — and | Wate——  system | The use of tables September
Maintenance (O&M) | operational records of | See appendix | for copy of | 2009

cosl records of water | Water Boards at the | table
__._.—-—-_'_-_ —_—
SY5tems communities J
40 MSc Thesis, February 2010
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Support cost: regional | Records at accounts | The use of checklist September
level department  at  the | See appendix 1 for copy of | 2009
Central Regional | checklist
office of CWSA
| Support cost: district | Records at the finance | The use of checklist September
| level office of  District | See appendix 1 for copy of | 2009
Assembly checklist

4.3.3 Data Analysis {i

The tollowing bullet points outline the data analysis procedure;

e Determination from secondary data the CapEx (as built) of all twelve water
systems

e Adjust the CapEX to a base year using inflation rate for the period of study
(1998-2008) from Ghana Statistical Service

e Likewise, adjust the annual OpEx , CapManEx and support cost of running
seven selected water systems for the period of the study to a base year

e Compute the annual equivalent CapEx of each of the seven selected water
systems considering the useful life of 20 years of the water system and also |
using the inflation rate of 17.6% for the study period

e Compute the unit’@ﬂf_ capita from the annual average figure considering '

~___—the design population of the water systems
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e Compute the annual equivalent average OpEx, CapManEx and Support Cost of
running the seven selected water systems considering the number of years of
operation of the systems and using the inflation rate for the period of study

* Compute the unit OpEx and CapManEx per capita from its annual average
figures using the design population of the water systems

® Also compute the unit Support Cost per capita from its average annual figure
using the rural population of the fegion and the districts where the water systems
are located

e Compute the total unit cost of developing and sustaining water service from

the above for the seven selected water supply systems

e Identify the factors which affect the cost components of sustainable water

service delivery of the water systems from the field investigations.
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5 CHAPTER FIVE: RESULTS AND DISCUSSIONS
This chapter provides key results of the study and discusses them under the following
headings: (1) features of the water systems, (ii) the cost of providing the water systems

and factors affecting it and (iii) the cost of sustainable water service delivery and factors

affecting 1t.

5.1 Features of the Water Systems
Summary description of the key water system units and their characteristics for all

twelve water systems for the study is provided in Table 5.1 below
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5.2 Cost of Providing Water System

The results of the adjusted Capital Expenditure (CapEx) of providing the Small Towns
Water System to a base year (2008) revealsa range from a minimum of Ghc 39.54 per
capita in Gyeikrodua to a maximum of Ghc 154.63 per capita in Denkyira Nkotomso
(See Figure 5.1). The features of the water systems are shown in Table 5.1 above and

the difference in the CapEx per capita of the various systems is discussed in section

5.2.1 below.
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Figure 5-_lCapEx pe;'cupita of water systems (as built)
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5.2.1 Factors Affecting Cost of Providing Water Systems
The Capital Expenditure (CapEx) per capita of providing the water systems are arranged

in increasing order of design population (see table 5.2). Itis generally expected that
water systems with lower design population should give higher CapEx per capita and
vice versa (the principle of economies of scale). The result generally reflects this but
with some anomalies. The anomalies confirm that other factors besides the design
population of the water system also affect the CapEx. Analysis of the features of the
water systems in Table 5.1 together with the result shown in table 5.2 reveals that the
CapEx is also affected by the source of water, treatment technologies and size of

network of the systems.

Table 5-2: CapEx per capita indicating design population of WSS

Joseph Kwame Asante

Small Town Water Design CapEx inyear | Adjusted CapEx CapEx per
Supply System Pop. = | of construction | to base year capita

(1998 Ghc) (2008 Ghe) (2008 Ghe)
Gyambra 1,407 34,512.76 174,603.49 124.10
Denkyira Nkotomso 1 8 43,251.31 244, 158.82 154.63
Assin Awisem 1,700 38,205.76 193,286.74 113.70
Fosuansa 1,949 23,579.68 119,291.95 61.21
Fanti Nyankomase 2,552 29,779.96 150,659.78 59.04
Akonfode 3,163 138,311.24 193,820.37 61.28
Gyeikrodua 3,483 27,220.16 137,709.50 39.54
Twifo Mampong 3,844 67,293.36 340,443 8 88.56
Twifo Nwamaso 4.446 40,590.64 205,352.08 46.19
Assin Praso —4374 | 78,176.68 395,503.60 88.40
Assin Breku 5,452 42,669.36 215,868.54 39.59
1~  Aboransa 10,784 199,474 .60 1,009,161.84 93.58
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In table 5.2, the Aboransa Water system is found ta have the highest design population

and yet not the water szstem with the least CapEx per capita. It is because is a multi-
village system designed to supply water to seven communities and therefore has a
relatively large distribution pipe network of 9306 m and nineteen (19) public stand pipe
connections as indicated in Table 5.1. It also has  an iron removal system made of
cascade aerator, 25 cubic meter sedimentation tank and a pressure sand filter. The Assin
Praso water system which also gives a relatively high CapEx per capita though in a
relatively higher population scale zone is a surface water source  system with a
treatment facility. The Twifo Mampong and Denkyira Nkotomso water  system’s
higher values of CapEx per capita than expected shown in table 5.2 is explained by the
fact that they all have iron removal treatment units installed, (See Table 5.1) Thus the

factors are source of water, treatmenl technologies and size of network of the systems,

5.3. Factors Affecting Sustainable Water Service Delivery
The test for suslainable waler service delivery in the context of this study is the system
whose operations and maintenance satisfies the following conditions:
®  The water system delivers to consumers the design quantity of water over the
design life of the water supply system.
* Producing water to Ghana Standards Board Water Quality Standards.
e Delivery of watcr in a cost effective manner

e Delivering water in a virtually uninterrupted manner (at least 95% of the time).

= S dd__,.--'-"_
e Planned routine and periodic maintenance are carried out for all electro

— mechanical equipment and civil works structures (CWSA, 2004).
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Investigations conducted during the field work revealed that six out of the twelve water

a break in delivering service on sustainable manner.

However, when they ceased to deliver service, measures were put in place to restore the

service delivery afier some time. The list of the systems indicating those that delivered

service on sustainable basis and those that suffered break in service delivery

indicated in Table 5.3

=R Al e

Table 5-3: Water Systems Indicating Manner of Seryice Delivery

18

Josepl Kwame Asante

S}'siem Sy;tcm Year of Year of Year of
Delivered Suffered Const. System Rehab. Rehab,
Sustainable break in breakdown Works Cost
Water Service Service (Ghe)
System Delivery
Y 1998 2007 2008 224,268
Fosuansa
Denkyira o 1998 2001 2007 94,828
Nkotomso
Twifo v 1998 2000 2007 835,627
Nwamaso | 000000 A A L] N SRl N\
Assin 3 1998 2001 2008 80,502
Awisem
3 1998 2002 2008
Assin Praso | : 122,396
At | y 1998 2001 2008
Akonfode b 90,513
v 1998 -
Assin Breku —
Twifo |V 1998 ?
‘Mampong
v 1998 -
Aboransa |
= - 1998 -
= : Sl
Gyambra )
Fanti b 1998 ¥
{MNyankomase -—
4 1998 .
Gyeikrodua
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5.3.1 Factors that Contributed to Interruption in Water Service Delivery

Field investigations revealed that all the three solar powered systems broke down and
ceased to deliver service because of failure of the solar systems. The surface water
system broke down because of failure of its raw water intake structure, one of the
systems broke down because its borehole water source was depleted and the remaining
system which also suffered had excessive iron concentration emerging in its borehole

water source after the system has been operated for 9 years. These have been discussed

in detail in the subsequent sections.

3.3.1.1 Akonfode Water System

The Akonfode water system broke down and ceased to deliver service because the
borehole water source receded.{Sée table 5.3) From the design report available to this
study, the borehole source established for the system had an unimpressive yield of
2.45m’/h. Though the water was pumped at a rate consistent with the yield of the water
source, a progressive décline in the yield of the borehole source was observed and
recorded as indicated in Table 5.4 This may probably be due to the fact that the water
source could not naturally replenished itself because of long hours of pumping in order
to extract enough quantity of water to meet the water demand requirements of the
community. It got to a stage where the borehole yield could no longer sustain the
operations cll' _'[Flc systems fc_}’_t__llg_g_[sjj:m was abandoned by the community. According to
the small town's water system design guidelines (CWSA, 2003), the borehole yield for

— s 3 Lo
such water systems should have been a minimum of 5m”/h. It is important for water
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system designers in the rural and small towns sector in Ghana to comply with all the
directives in the design guidelines of the CWSA 1o help contribute to sustainable water
service deliveries. At the time of the field work. it was observed that the water system
has been rehabilitated and a new borehole water source of yield 6.78 m’ /h has been
established to replace the old source and also the water system which was originally
powered by diesel generator set is now connected to the national electricity grid. As a

result of these, the system ceased to deliver service for seven (7) years.

Table 5-4: Water Pumping Records of Akonfode Water System

Hrs | Pumping Hrs Hrs
of rate of Pumping of Pumping
Year | Pumping | (m'/h) | Year | Pumping | rate(m’/h) | Year | Pumping | rate (m'/h)
1998 8 4.45 199_9 8 | 1.63 2000 ] 0.88
9 2.22 9 1.67 9 0.89
8 =5 8 0.75
g, 1.56 9 0.78
3 1.00 g 0.63
9~ A A | 9 0.67

Source; Technical Manager (Akonfode waler system)

5.3.1.2 The Fosuansa Water System
This water system had to be rehabilitated when the water system started experiencing

periodic brownish colouration in the water delivered at the taps which was believed to
et ‘_,_,_,--"'-'-_-___
be excessive iron concentrations in its borehole water source. This lasted for about a

year according to information gathered on the field. During the ficld work it was

observed that the water system has been rehabilitated and an iron removal package
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treatment plant has been installed on the system to deal with the mentioned water
quality problem and also a new WSDB office has been constructed as parl of the

rehabilitation works. Please refer Table 5.3 and Appendix 3 for other information on the

rehabilitation works.

5.3.1.3 The Denkyira Nkotomso, Twifo Nwamaso and Assin Awisem Water systems

These water systems were all installed with solar systems as the source of energy. These
systems broke down because their solar panels which provides source of energy to the
systems all failed. The failure of the solar panels could probably be due the manner at
which they were mounted on steel columns very elose to the ground level. The mounted
solar panels were fenced with chain link fencing material and was hoped that was
protective enough. Information gathered on the field revealed that the causes of the
failure of the solar system included development of cracks in the panels resulting from
stones thrown accidentally to hit the panels by children playing. It was observed during
the filed work that the solar panels have been abandoned and almost covered with
weeds, These panel perhaps could have worked if the were mounted on elevated steel
columns. It is important that in order to ensurc sustamnable water service deliveries,
system units should be constructed or installed in a way that makes their operation and
maintenance easy for the communities to manage. During the field work, it was also
observed that all three water S};’Stems have been rehabilitated and the Denkyira
Nkatomso_wﬁi'.er.-s:;fstcm Tm;ea:ted to the national grid of electricity. The Twifo
_Nwamaso and the Assin Awisem water systems have also been now provided with

diesel operated generator sets with structures already installed on the systems to get
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them connceted to the national electricity grid when those communities gets connected

to the grid. It was alsn-’nbstrved that new WSDB office have been provided for each of
the  water system as part of the rehabilitation works, The provision of the WSDB
offices is believed to enhance the commitment and the activities of the WSDBs to help
promote sustainable water service delivery. Please refer Table 5.4 and Appendix 3 for
other information on the rehabilitation works. As a result of these, each of the water

systems ceased to deliver service for about seven (7) years,

5.3.1.4 The Assin Praso Water System

The Assin Praso water system was a surface water system with a sump as the water
intake structure where a submersible pump lifts the water to a treatment plant, This
system broke down because the pump could no longer lift the water to the treatment
plant. This was believed to be as a result of the high turbidity nature of the river water
source which builds up sediments in the sump which tum to conflict with the pump
action and often causes ;hc pump to breakdown. The field investigations revealed that
the community found this situation very challenging t0 manage because anytime there
was such pump breakdown they had to travel to Cape Coast Ghana Water Company
office to access a dewatering pump which could pump the accumulated silt out of the
sump in addition to replacing the broken down submersible pump. The treatment plant
according to a functionality study report, is a modified slow sand filtration system

whose filter bed need to k),e,l_gadniaLa constant rate and to ensure that micro-organisms

are always active in the sand, the filter beds are supposed to be operated continuously.

_j—-_d_._'_ : ;
(DANIDA/CWSA 2004) The situation at the water intakc denied the treatment plant
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with continuous flow of water and that affected the performance of the treatment plant

and was evident again from the field investigations that the situation was beyond the

capacity of the community to manage. The system eventually broke down because of
thesc and was abandoned till it was rehabilitated. During the field survey. it was
observed that a borehole source has heen established to replace the surface water source
and the treatment facility has become redundant. The water system has also been
provided with new WSDB office. Please refer Table 5.3 and Appendix 3 for other
information on the rehabilitation works. As a result oFthese, the water system ceased to

deliver service for six (6) years.

5.3.2 Factors that Promoted Sustainable Watcr Service Delivery

The field investigations revealed that the factors that contributed to the sustainable water
service delivery included;: (i) Commitment of the WSDBs, (ii} Dynamic Operation and
Maintenance of the Water Systems, (iii) Technical and Financial Management Support
from the RWSTs and the DWSTs and (iv) Simple water system technologies whose
technical management capacity requirements is readily available within and around the
community. These identified factors confirm some of the factors identified in literature
by the work of Brikke' (2000) and Montgomery et al. (2009). The investigations
revealed that water systems which had very committed WSDB enjoyed better
accounting of their finances and go.ﬂd keeping of their operational records and had their
routine and _ﬁlmmed maiﬁm;tiviﬁes carried out as scheduled which made their

—OdM dynamic, Water systems which were regularly visited by the RWSTs and the

DWSTs had their O&M monitored regularly and its WSDBs enjoyed regular technical
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and financial management support which builds their capacity and enables them to

become efficient in their delivery of services. It was also observed that the WSDBs

were more comfortable with the single piped water system of a mechanized borehole

with submersible pump powered with the national electricity grid which pumps water to

high level tanks and distributed under gravity 1o stand pipes at strategic location within

the community.

5.4 The Cost Components of Sustainable Water Serviee Delivery

The cost components have been identified to be CapEx, OpEx, CapManEx and Support
Cost as defined previously in section 4.2.The results for these costs components in per
capita per annum for running the water systems is shown for seven water system (see
fig.5.1) The annual CapEx ranges from a minimum of Ghc 1.43 per capita for Bereku
water system to a maximum of Ghe 4.49 per capita for Gyambra water system. The
OpEx ranges from a minimum of Ghe 0.12 per capita per annum for Akonfode water
system to a maximum of Ghc 1.06 per capita per annum for Gyambra water system. [t is
observed that Gyambra water system records the highest annual CapEx per capita as
well as the highest annual OpEx per capita. This could probably be due to the fact that it
has the least designed population of 1407 among the systems under the study. The
annual CapManEx per capita ranges from a minimum of Ghe 0.11 for Twifo Mampong

waler system to a maximum of Ghe 5.07 for Fosuansa waler system At must be

— _.__,.---'—'_'_ -
explained that this high value of annual CapManEx per capila recorded by the Fosuansa

—water svstem is due to the rehabilitation works carried out on the system fo solve the

water quality problem which was discussed in section 5.3. It is observed that besides
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water systems which were rehabilitated and making their CapManEx quite substantial,
the annual CapManEx per capita is averagely half of the annual OpEx per capita. This
means that for planning purposes, half of operational expenditure should be kept for
possible capital maintenance activities if we wish to achieve water service delivery on
sustainable manner. The annual support cost of running the water systems also ranges

from a minimum of Ghe 0.41 per capita to a maximum of Ghc 0.49 per capita.

E Support
| B CapManEx
| . E OpEx

E CapEx
h\

1

Annual Cost per capita in Ghc
ORNWRARUOANY
|

"'h g Pl
a?' R o o

‘wxif«?\“’

Water Systems with designed Pop.

Figure: 5.2 Cost componeats of Sustainable Water Service Delivery

—
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5.4.1 Disaggregated OpEx of Water Systems

The result of the disaggregated OpEx of seven water Sykiems: reveals Hat satasies and

allowances averagely forms the greater portion of the OpEx (See figure 5.3).The salaries and
allowances actually ranges from a minimum of 49% to a maximum of 82%, the administrative
and energy cost combined ranges from a minimum of 20% to a maximum of 50% and the
preventive and minor repair cost ranges from 0% to a maximum of 7%. These revelations would
not promote sustainability of the water systems. It was observed during the field work that there
was a lot of motivation among the WSDBs to pay bonuses to themselves especially at year
endings in the name of Christmas bonus'and luerative allowdnces at quarterly WSDBs meetings.
Salaries paid to water vendors and water system operators were not regularized as you move
from one water system to the other. However, it was generally observed that about a third of the
annual revenue from water sales goes into payment of salaries and allowances for most of the
systems. Controls in financial management of the WSDBSs were virtually non-existent for the
period under the study. Thanks to ihr: District Assembly model by-laws for the establishment
of the WSDBs published by the Government of Ghana in February 2008 which now mandates
the District Assemblies to ensure that the financial records of the WSDBs are annually audited.

It is expected that the bye-laws would address some of these identified problems and help

promote sustainable water service delivery.

—
____--—'"'_
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Salaries & Allownces

N Preventive & Minor
repairs

» Admin Cost

AN 7’1% ) ® Energy Cost

Figure: 5-3 Average Disaggregated OpEx of seven water systens:

5.4.2 Disaggregated CapManEx of Water Systems
The result for the disaggrepated CapManEx for five water systems also reveals that averagely

replacement Cost forms the greater portion (Sec figure 54). The replacement cost ranges
from a minimum of 31% to a maximum of 68% and the major repair cost ranges from a
minimum of 7% to a maximum of 45%. For the expansion cost, most of the water

systems analyzed recorded 0% with only one of them (Bereku water system) recording a

___high value of 62%.
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Replacement Cost
H Expansion Cost

62%

Figure: 5-4 Average Disaggregated CapManEx of five water systems:

5.4.3 Support Cost to WASH Activities in the Central Region
To ensure sustainable water service delivery from water systems, it requires support cost

to build capacity in terms of institutional strengthening and provision of logistics in the
rural and small town water sector, to undertake monitoring and evaluations of the
operations of water systems and for skills development of the sector practitioners. A
trend ana.ly;é; of total suppert-costto WASH activities in the region reveals a downward
trend in the beginning and a sharp rise in the year 2004.This continues with a gentle

e —

downward trend up to the year 2007 and then a small rise at the end of the study period
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(see figure 5%5). This trend is explained by lack of project activities in the region
between the years 2000-2003 and WASH activities were then mainly monitering of
existing water and sanitation facilities on the field. In the year 2004, there was a special
capacity building project o strengthen the institutional structures in the region for water
and samtation delivery both at the Regional Waler and Sanitation Team (RWST) level
and the District Water and Sanitation Team (DWST) level in the then thirteen districts
in the region. This was followed with a lot of project activities which delivered a
number of waler and sanitation facilities in communities in the region. The project

ended in December 2008.

1,400,000.00

1,200,000.00 -

1,000,000.00

£00,000.00

600,000.00

400,000.00 4~ ————— = e= A

Support Cost in (2008 Ghc)

200,00000 +— = : R e

0.00 e ! C -
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2003

Year

Figure: 5-5 Support Cost to WASH Activities in Central Region
e e A e
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5.4.4 Factors Affecting the Cost Components of Water Service Delivery

The factors found to affect the various cost components of water service delivery from

this study is summarized in table 5.5,

Table 5-5: Factors Affecting Cost Components of Water Service Delivery

Cost Component

Factors

Water Systems

CapEx

1. Complexity of the

design/ Technological Choice
( Water Source, Specific
Installations to the system to
deal with water quality 1ssues
ete.)

2.The proximity of the water

| source (mostly borcholes) to

the community
1.Setilemnet Partern of the
communities

4. Source of electricity

All twelve (12) water
syslems

Joseph Kwame Asante
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OpEx -

CapMankx

3. Frequency of planned

maintenance

I.Type of energy(Nat. grid, | .Gyambra
diesel, solar) 'F""“f“’““
Fanti -Nyankomase
2. Frequency of routine . Akonfode
- i o
3. Proximity of spare parts .Aboransa
and other resources required
for operations to the small
town
4. Conditions of service of
I staff and WSDB members of

the water systém

| 1.Design errors Akonfode
2. Water quality problems 5:;?3::55]

NB: Only Factor No. 3
applies to all the seven (7)
water systems shown against
OpEx

Joseph Kwame Asante
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1. Frequency of RWSTsand | .Gyambra

Support Cost : DWSTs visits/monitoring of .gos:{ansa
.Fanti-
the operations of the water Nyankomase
sstemn . Akonfode
Twifo -Mampong
2. Conditions of service of Assin Bercku
| RWSTs and DWSTs i

3. Accessibility and
proximity of the water
system from the regional and
district capitals
4. Availability of logistics at
the regional CWSA office and
the DWST offices at the

district level
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6 CHAPTER SIX: CONCLUSIONS AND RECOMMENDATIONS

s

6.1 Conclusions

The following conclusions have been drawn from this study;

| The piped water systems were provided at a cost ranging between Ghe 40-160 per
capita reflecting factors like population of the community (economies of scale),
technical complexity of the water system (single town piped systems, multi-village
systems, walter treatment technologies ). The annual eost of water service delivery also
ranged between Ghe 2.3-8.13 per capita reflecting factors like salaries and allowances
paid to system operators and water vendors, cost of energy of running the system and

expenditure on planned maintenance activities to ensure functionality of the systems,

2. The water systems which functioned till the time of the study generally had their
CapManEx to be about half of the OpEx meaning that about half of OpEx spent has to

be saved towards planned maintenance activities for sustainable service deliveries.

3. The water systems represented various levels of functionality for the period of the
study because thcy were handed over for community management when measures have

not been put in place to ensure adequate CapManEx to address any major failure on the

systems.

—~ .-'"-'__'-.-.---_

4. The systems which were abandoned by the communities when they broke down

prematurely included all the three solar powered water Sysicms and they
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resulted in expensive overhauling of the systems after six years in order to
restore service delivery.

It is important to plan and budget for CapManEx towards planned
maintenance activities to avoid expensive premature rehabilitations of water

systems.
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6.2 Recommendations

¢ The use of the cost information in the results is recommended for planners and
decision makers to improve decision making and help ensure that water
services in similar Small Towns are delivered on sustainable basis.

o Further studies on solar pawered ‘community. managed water systems is
recommended

e The study focused on water systems managed by communitics themselves
(WSDBs).Further research on systems whosc management functions are

delegated by the community to private firms is recommended
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Appendix 1: Water System Components and Characteristics

APPENDIXES:

Water system handed over to community in:

Assin Breku
Designed Population 5,452
Time of
Originally | surveyin
Network _ in1998 | 2009
| Tank Capacity(m”) 25 25
Height of tank (m) 7 7
Mumber of stand pipes ' 6 12
Number of pressure reducing valves 2 2
Pipe length {m) 1694 1694 |
Pumping System
Mational
Source of energy Diesel grid
Type of generator TSI M
Type of pump SP8A-10 SPBA-10
Borehole number 072BU3 | 072 BU3
pumping yield (m’/ h) 6.5 6.5
Depth of pump
|.(m) 20 20
Total Hydraulic Head (m) 40 40
Delivery line length (m} 313 313
Dynamic water Level (m) 14 14
water table (m) 8 8

M _'_'_,_..--"-_'_'_

Joseph Kwame Asanie

21st April 1998
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Water system handed over to community in:

Joseph Kwame Asante

Ceniral Region
Twifo Mampong -
Design Population 3,844
Time of
Originally | surveyin
Network in1998 | 2009
Tank Capacity(m’) 25 25 |
Height of tank (m) 10 10
Number of stand pipes 5 5
Number of pressure reducing valves 3 3
Pipe length{m) 723 | 723
Pumping System
National |
Source of energy Diesel | grid
| Type of generator TSZ M
Type of pump: SP5A-12 | SP5A-12 |
| Borehole number 081 BU3 | 081 BU3
| Pumping yield (m*/ h) 56 5.6 |
Depth of pump
{m} 21 21
Total Hydraulic Head (m) 46 46
Delivery line length (m) 321 321
Dynamic Water Level (m) 19 19 |
| Water table (m) 4.5 4.5 |

1st April 1998

MSc Thesis, February 2010



Quantifying the cost of sustainable water service in selected Small Towns in

Central Region

R — e e

Assin Akonfode

Water system handed over to community in:

N/A = Not Available

Design Population 3J153—|
Time of
Originally | surveyin
Network in1998 | 2009
Tank Capacity(m?) 15 15
Height of tank (m) 5 5
Number of stand pipes g 5
Number of pressure reducing valves 2 2
Pipe length (m) 1075 1075
Pumping System 4
" National
‘Source of energy Diesel Grid
' '|_-":||'|;E of generator TS2 M
Type of pump SP3A-9 SP3A-9
Borehole number 028 BU3 N/A
Pumping yield (m?/ h) 2.45 6.78
Depth of pump
(m) 34 N/A
Total Hydraulic Head (m) 43 /A
Delivery line length (m] 184 N/A
Dynamic Water Level (m) 30 N/A
Water table {m) 15 N/A |

NB: System Rehabilitated in 2008

Joseph Kwame Asanie

21st April 1998
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Water system handed over to community in:

N/A =Not Available

Central Region
Assin Praso
Design Population 4,474 |
Time of
Originally | surveyin
Network in1998 | 2009
Tank Capacity({m?) 30 B0
Height of tank (m) 1 -
Number of stand pipes 6 6
 Number of pressure reducing valves 0 2
Pipe length (m) 3305 3305
Pumping System
Mational
Source of energy Diesel Grid
Type of generator T53 M
Type of pump SPBA-10 N/A
Borehole number /A
Pumping yield {m’/ h) 5.6 9.7
Depth of pump
(m) 21 N/A
Total Hydraulic Head (m) a6 NS A
—Délivery line length (m) 1350 30
Dynamic Water Level (m) 19 N/A
\Water table {m) 4.5 N/A

NB: System Rehabilitated in 2008

Joseph Kwame Asante

8th May 1998
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Central Region

Gyambra

Design Population -

1,407 |

Time of
Originally | survey in
Network in1998 | 2009

Tank Capacity(m”) 15 15
Height of tank {m) 3] 6
MNumber of stand pipes 3 3]
Number of pressure reducing valves 1 1

| Pipe length (m) v S05.7 905.7

Pumping System

| Mational National |
Source of energy grid grid
Type of -pur'np SP5A-8 SP5A-8
Borehole number 080 BU3 080 BU2
Pumping yield {m?/ h) 4.25 425
Depth of pump
{m) 30 30

_fﬁtai'HydrauIit Head (m) 35 35
Delivery line length (m) 473 473
Dynamic Water Level (m) 12 12

Eatertabie {m) 5| 5

Water system handed over to community in:

Joseph Kwame Asante

28th August 1998
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Denkyira
Nkotomso
wm e __1-5?!
Time of
Originally  survey in
Network n in1998 2009
i Tank Capacity(m’) 15 15
1 Height of tank (m) 2 2
Number of stand pipes | 3
’ _Number of pressure reducing vaives | 3 3
[Pipelengthim) . . . ;o | 876 876
Pumping System =iy e 5 P .
Matwonal
| Sourceofenegy = & =~ Solar grd
Type of generator . LSS -
Typeofpump . SPsA-l2 SPSA-12 )
| Borehole number = 0208U3 020 BU3
| | Pumping yield (m'/h) 3 16.2 16.2
| Depth of pump
' F-['ﬁ] X | , = 30 30
Total Hydrauhic Head (m) 54 54
Delivery line length (m) \ 831 831
Dynamic Water Level (m) s 14 14
| Water table (m} o 7 7
Water system handed over to community in: 7Uh May 1998
NB: System Rehabilitated in 2007
m—
——
MS¢ Thesis, February 2010
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Water system handed over to community in:

Joseph Kwame Asante

Design Population 2,552
Time of
Originally | surveyin
Network in1998 | 2009
Tank Capacity(m’) 25 25
Height of tank {m) 0 0
Number of stand pipes 4 a
Number of pressure reducing valves 4 4
Pipe length (m) 1120 | 1120 |
Pumping System
=7 | National | National
Source of enerpy grid arid
Type of pump SP5A-12 SP5A-12 |
-_Ei‘]"r'Ehﬂle number
Pumping vield (m?/ h) 3.8 3.8
_Eepth of pump
' (m) L 35 35
Tatal Hydraulic Head (m) 54 54
Delivery line length {m} 228 228
Dynamic Water Level (m) 28 28
Water table (m) 1085 |  10.85

28th April 1998

MSc Thesis, February 2010
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Twifo Nwamasur

Central Region

| Design Population 4,446
| :
. Time of
Originally | surveyin
Network W1s9 2008
Tank Capacity(m’) 25 25
Height of tank {m} 5 5
Number of stand pipes 5
Number of pressure reducing valves 2
Pipe length (m) 715 715
Pumping System
Source of energy | Solar Diesel
Type of generator 3960
Type of pump SPBA-10 SPBA-10
Borehole number 363 BUL 363 BU1
Pumping yield (m*/ h) 31 31
| Depth of pump
(m) 45 45
 Total H*p-draulic Head (m) 51 51
Delivery line length (m) 144 144
Dynamic Water Level (m) 33 33
Water table (m) 16.9 16.9 |

Water system handed over t0 co mmunity in:

NB: System Rehabilitated in 2007

Joseph Kwame Asante

25th March 1958
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Assin Awisem

Design Population -

1,700 |

Water system handed over to community in:

Time of
Network vl bl
Tank Capacity(m’) 15 15
Height of tank (m) b
Mumber of stand pipes 4
MNumber of pressure reducing valves 2
Pipe length (m) 594 594 |
Pumping System
Source of energy = Solar Diesel
' Type of generator 2160
| Type of pump. | SPSA-12 | SP5A-12
Borehole number . 028 BU3 | 028 BU3
Pumping yield (m’/ h) 17 17
Depth of pump
{m) 40 40
 Total Hydraulic Head {_m} 49 49
| Delivery line length (m) 143 143
Dynamic Water Level (m) 25 25
Water table (m) 10.85 10.85 |

NB: System Rehabilitated in 2008

Joseph Kwame Asante

1st March 1998
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Aboransa
DESl'H Pﬂpulﬂﬂﬂ'ﬂ 10,784
Time of
Originally | survey
Network in1998 | in 2009
Main Tank Capacity(m’) 25 25
Dominase Tank Capacity (m®) 25 25
Kafodidi Tank Capacity (m’) 15 15
| Aborebeano Tank Capacity (m”) 15 15
| Abpransa Tank Capacity m); 15 18
Height of tank (m) 7 7
Number of stand pipes 19 19
Number of pressure reducing valves 0 0
Pipe length (m) 9306 9306
Pumping System
Mational
Source of energy Diesel grid
| Type of generator TS3 T _
"2 SP14A-
Type of pump - SP14A-18 | 18
FPOS
Borehole number FPO5 BU2 BU2
| Pumping yield (m*/ h) 9 9
Depth of pump (m) 70 70
Total Hydraulic Head (m| 107 107 |
Delivery line length (m) 3R8 388
Dynamic Water Level (m) 57 57
Water table (m)
Water system handed over to community in: 23" January1998

Joseph Kwame Asante
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Fosuansa
Design Population - 1,949 |
Time of
Originally | surveyin
Network in1998 | 2009
Tank Capacity{m®) 15 15
Height of tank (m) 5
Number of stand pipes 3
Number of pressure reducing valves 2
Pipe length (m) 420 420
Pumping System
Mational National
Source of energy grid grid
Type of pump . SP5A-8 SP5A-8
Borehole number 478 BU1 478 BU1
Pumping yield (m*/ h) 3.8 3.8
Depth of pump
{m) 15 15
Total Hydraulic Head (m) 34 34
Delivery line length (m) 423 423
Dynamic Water Level (m) g 9
Water table (m) 1.1 1.1 |
Water system handed gver to community in: 1st July 1998

NB: System Rehabilitated in 2008

Joseph Kwame Asante
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Gyeikrodua

Design Population -

3,483 |

e ——

Time of
Originally | surveyin
Network in1998 | 2009

Tank Capacity(m®) 15 15
Height of tank (m} 5
Number of stand pipes 3
Number of pressure reducing valves 1

 Pipe length (m) 665 665

5 1
Pumping System
Mational Natiunaﬂ

Source of energy grid grid
Type of pump 5P24-13 SP2A-13
Borehole number 077 BU3 | 077 BU3 |
Pumping yield (m’/ h) 1.4 1.4
Depth of pump
(m) 27 27
Total Hydraulic Head (m) 55 55
Delivery line length (m) 5&2 582
Dynamic Water Level (m) 25 25

| Water table {r) F i Fuo )

Water system handed over to community in:

Joseph Kwame Asante

19th August 1998

MSc Thesis, February 2010

FWAME W

LR
B e

LTRREARTY
TUIPAH BN

Fa el & "E .|

vresiTy o
3 TECHEEL Y



0107 aoniga.] ‘sisaff OSH DSy Aoy ydasep

L) MINT [= SIP3D DUBYD PIO (0001

(8661 “ISHMD @2nos vind)

g661 M o Sp  sipa)  puBYD  PIO 00 = A4 I 8N
96'6LL'6T 009'661L6E 6OV YL aSELIONUBAN NUE] _
91°022'LT 009'T0Z2LT ¥05'089 | ERPONYI9AD) i
B9'6/SET 008'96L'6€2 Z6v'685 PSUBNSO | iR
9L Z1S'vE 009°LZ1'SPE 618298 vaquIeAny
9£'699'CY 009'£69'9ZY pEL'990'T 4 YRl UISSY
pZTIIE'8E DOFZTT EBE I8L'LS6 BpOJUOYY UISSY
89°'9L1'8L 008'99L'18¢ LTv'vSET oselj wissy |
9/ S07'8E 009'LS0'Z8E PPT'SS6 wAsIY UISSY | |
ZETIT'8Y 00Z°ET9'28Y EES802'T oswoloyN enkyua( |
79°065°07 00v'906'S0% 99£7T0' OSEUIBMN OIML, |
9E'E6Z'LY D09'EE6'ZL9 PEE'Z89'T Fuodwepy oML | o
09 vLv'66T 000°91L v66'T G98'086'Y . BSUBIOqY
(s1p3d {sipa5 buoyg (44) 866T ui x3dD) wa)sAg 19Jej\ fumo] ||ews Jo WenN
pubyo man) 8661 ul x3do) PIO) 866 urx3do | ., |

SIWAISAS JAJE A UMO ] [[Emg JO BlE(] sanyipuadxqy jepde)) :7 xipuaddy

— e B e SR



IOz aoniga. ‘s1say ) ISH

2qupsy awomy ydasor

6007 [ 800z | 88°€15°06 00'9€8'8 | £6'SSL'ES 0 I6T26'LT apojuoNy |

6002 8002 | €6'968°ZZT 00'9£8'8 7D'6£9'58 0 |Z I6126'LT oseid
6007 8007 8L 205’08 00'9£8'8 LB vvLEY 0 16'126°LT wasimy
8007 £00% 8€ L79'S8 0T'906°8 €T 186V 0 ST Ov6'9Z OSEWEMN
8002 - £00Z gE8Ia V6 0T'906'8 EL°786'8S 0 STQV6'90 OSWOIONN
6007 8007 £9°897VTT 019068 6T T66'SST OIE'EE | BET909Y esuensod
oM ‘qoyas jo sHIoM "qoyad (9HD)350) | (IH9) (2HD) syiop | [DHOMuD | (JHD)M3 waysAs
vopajdisad fo 1oz} Jof posua) ‘qoy3l [pro] fAupynsuol a1y fo 1503 | Juawpaly LTI 131000

1 Burubis fo snax Jo 1507 abpyang -gasm'

B jJo 1503 Jo 500

SJIEIa(] 150 YA PR EU[IqRYIY SwsAG 1ajeAy ¢ Xipuaddy



OI0Z Lionaqaq “$1say | IS

Aupsy aunny ydasor

(oHD) 1502 1503 | 3500 1502 (2H9) 150D
voisupodxy | ‘goyay day snodai jouonpiadp
1ofon ® UILpY
xguepde) (DHD) xado ‘
jelolL -(xauepde))-dx3 adueuajuiey jended jeIo] |

ssioday FIUDMOJY (3H9)
JOUNAI '8 33,IN 9531I0jDS
aAUIAILG
[DHD)- (xad0) | anuanay | ieap | waisAs |
asnypuadia | | |eloL 131EM
WO umoy
I1¢ws

T T = o

sp1033y 1507) [euonesad() waysis 19)eAy s, umo], ews :p xipuaddy

\

3|qe) 5p40034 5350 [EUONEIAAQ- WANSAS 13BN S,UMO] [[BLS




010z daoniqa g ‘s1s3y ) ISP

ajunsy awnmy ydasor

_

09°55€E 000 D00 09°55¢ 000 S6'SEV'L | 057802 56'895°C 0Z'6IY'6 BOOZ
00°006'Z | OOEPPZ | 000 poLsy | 000 00880y | OSVIE 0S'6S0°E 0L°D60°L £002
0ZEI8Z OrTI9'T oon 081071 ,Dn._._u 00'bLE'E | OEOEL nﬁ.mﬂmmw 09°166'S 9002
E6°VES'T £ ors | oo0 05581 00005 S0'L69°7 | STLIT OT'8LLT DE'Z9E'Y S00E
05°TOL'T | 000OF'T | 00O lorzrz | ovs 010Z0'T | OV'Z OLSTE'T | 98°EV'E | ¥OOZ
C9°€9 000 000 SI'ED oo DEOIO'T | OVEI DL '6ER £0°E60'E €00t
LT 98T 000 000 L1051 009t 0Z'S9E'T | S9°0T "~ |aress LL'ZE0T 2007
00'ZEE 000 000 DO'ZEL an..._u Z1'98L a9y’ LS 26965 . EGOVY'T Ecw i
00’0 000 000 | 00D 000 9Z°0Z6 08 L8T 9t 05 SO'LST'T Ecm
000 000 000 | 000 oo'o L6599 D0'6EL 9689t CE9l6 m%a
. H9) 3500 103 | 350D 3507 (oHo] sipday | 3UDMO[[Y (HO) |
voisundx3 ‘qoyay ‘fday syodas Joui F23,W 53140[D5

Jofo aanuanaid —

xjuede) (JH9)-{xjuewder) dx3 aaueuajuiey |ende) x3dp (3HD) anuaaay | | Ieay | waisAs

|eloL |e3oL - (xado) lesor | | Jajem

ainypuadxy umoj

W20 lilews

L s L e eSS

.

|




oz davnagay ‘sisay g IS

punsy awomy ydasor

wajqoad Anjenb J33Em 3yl yiim [Eap 01 00T U! PRIBY|IGELSL SEM wiaisAs uaym pajjelsul sem jueyd juswieas] adexyded 'y
uoIleIluaIuny

LD 3AIS52083 o Jnsad

e SB 3q 0] PaAdI|ag S2N0S 9[0L310g Y} JO UOIEIO|0I UMDIG DAISSIOKS YIIMm Wwajqoid AYjenb Jaiem paiapns waishs ¢

a1ep |13 8661 1snEny Wi uonelado ayl Jo LIEYS ayl woly Fuiuoiouny walsAs 7

‘53502 ay) a1e8213Fes|p pue SpI0IAU Y JIEI1IXS 01 LI0JJ3 JO 10] B PIpPUBLISP puE ySnoua pood Jou spJodal |euonesado ayl jo Ajijenb ayL ‘T sduipuly
£9°L6Z°VZT | 000 19'89Z'VIT | 00'LT 0021 | SEVOP'T | BL'68T 0022 [ 46Z61'T | 0E'949°T | 80OT N
0T v6T 000 000 0591 | 09/iT |G66'80E'T |98EEl OT €T $0790T | B0'S6E'T | L0OZ |
0S'Lt 000 000 00T 059t | LZ'6Z6 DT 0ET 00 L1°S6L 05°980°T | 9002
06'99€ 00°0 000 000 06'99¢ | LZSTZ'T | SLSLT 00Tl 75876 LZ'T08'T | SODT
08212 000 000 0V ¥e OF'88T | vE'Z68 0SDET DE'9 ¥5'65L vS'LEV'T | Y007

| SO°TST 00'0 000 St 6IT 091§ | 98°LOL 0v €91 ov' vl 90'DES 6E°S9T'T | €00T
00'Ltr 000 000 00°L 0007 | EOLO9 £ ZIT OLET 0T T8Y ST'8E0'T | 2002 | _
LV bSE 000 000 6061 8€°5cE | ZO'OES | 9S°EOT SOTT TPV LY'66L | 1007
BS'Z6 000 000 8561 00'tL | Ze'00F 8E'TO ST 0T OV 6ZE EEZ99 | 000Z
TL'68 000 000 €7°ST ghpL | IPI0E 7LV SO0 ST VSe £6'V6F | 6661
PHO) 1502 150 1500 1507 (3H9) 1sog o | supday | ssupmojly | [OHD)
voisuodxy ‘goyay day | sapdad uonasado Jouna Rs5aLDos
aolopy % UIpy I3,
annuanaid ESUBNSO0
xjuepde] [DH9)-(xqueder)-dx3 muemcuuc_m,___..._ jende) x3do (JHD) | anuaaay 1eap | washs
elol |eloL _ - (x3dQ) [eloL JAEMN
ainjipuadx3 umo |
W30 | jlews
|




Oroz daonaga.f ‘sisay ] ISH

2unsy awomy ydasop

/007 BUNF Ul SpUa pue g6RT Aspy WO 5112)5 SpJodal |euonjelado ajgejieay ‘Juipuly
a|qe|ieny 10N =¥/N

i W/N /N v/N v/N ¥IN | v/N /N V/N W/N | W/N | 800Z
01°Z65 00°0 000 0699 | 0Z'SZZ | 8E'POL'T | 86769 000 Or1T0'T ZT'BL6'T | L00T
ot'88Y 00°0 00°0 00l |OviZ | OEOVL'T | 097919 0801 06 21T'C 8v'TP6'E | 900Z
DE'60Z'T | 000 00°0 097195 |0L{v9 | 06'VZE'T | OTTHY 08'8 00521 YI'PES'S | SOOT
08'6BL'T | 00D 00°0 00'8EL'T [0B'TIS | S8'PZZ'T | S8'S8Z 08'6Z 07 606 vESIT'Y | VOOT
S8°86T 000 000 0Str | GEWST | Ov8SZ'T | 08°Z0F 0v 08 0258 52°90T'Z | €002
S5 bt 000 00°0 059y1 | SO'867 | BS'SBO'T | 8S VEW 00'E 00'8r9 ZZ°'910°E | 2002
06'99% 000 00°0 0S5'ZST | OFGOE | GE'T6P | SPIF 0SS OV it LEpiT'e | 1002
Zrove 000 00'0 Z1'86 Q02T | vZ'LL9 | FOT6E 000 07°98E ££°ETL'T | 000T
0Z'SLS 000 000 0ZE0S |00ZL |Z6EIv | LTEL SE0 0E0vE LYTLL'T | 6661 |
1L°SL 000 000 1L ‘DDZL |00°ZIT | 00T 05°S 05 10T 6L'0V6 mmﬂ._
(2H9) 503 1500 3507 1507 (2HD) 1500 sipday | 3ounmojy (2HD) asewonueAn
vorsupdxy ‘goyay ‘jday | snpdas jouonpiadp JOUNNS WS3ID|DS -nue4
\ 1ol 'y UnupY nw )
EXTTTERETR
xjuepded (oHD) x3do (DHD) | enuanay Jep) | washs
|el01 -{xqueden) dx3 asueuajuie |ende) |eyoL - (x3dQ) 101 \ Jaep
ainjipuadxy | V|| umop jews
| w=o] )

I.l.ll.i B —




66T Ul Wwajshs ayl jo uoijesado Jo Lels 3yl e paonpal Al

Iz Conaga.g ‘s1say [ ISH

arupsy awiomy ydasor

sa1em Juidwnd jo 3500 ySiy 3yl jo 3sneIaq WasAs 3yl aelado 0] 3jgeuieIsnsun Ajjerueuly swedaq 3 uaym ooz |In

anjssaidoud pue yf wsy'z Jo piaiA anissaudwiun aaed Ajjeuido 324nos 3joya10q ayl

33JN0S J3Jem 3joyalog 3yl jo uonajdap o0l anp B00Z-100T7 Woy 221135 JaA|2P O] PASEAD PUE UMOP 34010 wia1sAs 1a1eAN JGN
ajqenddy 10N=v/N

88'€E1S'06 | 00D 89 €15°06 | 000 000 wiN /N W/N | /N ¥/N | BDOZ
v/N V/IN v/N /N /N WIN v/N v/N VN | v/N | £00Z
/N /N v/N V/N v/N | W/N v/N v/N v/N v/N (9002 |
Y/N W/N v/N v/N | /N v/N v/N v/N v/N Y/N | S00Z
V/N v/N v/N v/N v/N v/N v/N v/N v/N v/N | v00Z
v/N v/N v/N v/N v/N v/N v/N v/N v/N v/N | €002
/N | v/N v/N Y/N Y/N /N W/N v/ /N W/N | 2002
WN| VN v/N /N v/N /N /N vIN /N v/N | 100Z
00°bT 000 000 000 | 00VT pE'SPE | ¥6LST 5V'6 G6'LLT 6LVLE | 00GT
0v'65T 000 000 000 OV65T | S9°96Y | LLL6T 8L 11 trst | 18%T9 | 6641
00708 00°0 00'0 000 0008 1S'0EE | 66°STT 05'9 ZO'80T £6°STS mm%
(oH9) | 1500 150D 1500 1503 | (OH9) 1502 suoday | Fauomofiy | (JHD) g apojuoyy
uoisupdxg ‘qoyay day siodad Jjouonosadg | JouANEI3 N wmsalojos
Jofol B UIWPY | 2AJU3A3Ld
xguedey | (JHO)-(guepwde)) dx3 asueuajule jende) ®3dp (3HD) | anuanay dea) | walshs
|el0L |e10) - (x3dD) |eol | 1218
ainjipuadx3y ! umoy
W20 | Jews
|

W R T M

—




0107 Cionaqaj ‘Sisayj IS

JUDsy 2oy ydaser

Suissiw gz 15N3nY |11 uoelado JO JeIS B4l W0y Spiodal [Buol) eladQE
9007z 15NENY Ul gOSA Mau 01 walshs ay) jo Juawadeuew ay) Jano papuey gasm Isiy 2yl 7

a1ep 01 §66T [Ldy Ul uonesado Jo Vels Ayl woly FUILoIDUNY W3IsAS J21EM T ssEupuly
J|gejieny 10N=Y/N
pO'OTY 000 000 000TT | DE'009'T | OE L9 0699 05516 OLV90°E | BODT
09'Z49 000 000 09°20Z. | z9'8Z2'c | OTEEL | 05881 Z690€T | 19160°S | 800Z
v9vZL'T 000 000 ve'295 |o08'852'T |25'%09 00’9t 87'809°T ZLLTL's | L0z
T9LL
0L'16 000 000 0L17 |LT9Z6 |6V ESE 0S°LS 8T'SIS ISZETT | 9007 |
v/N vIN| WIN| W/N WN.,  ¥/IN /N v/N v/N v/N | S002
v/N WNT WIN| W/N /N v/N v/N w/N VN v/N | vooz
v/N WN| W/IN| ¥/N /N v/N V/N | V/N v/N v/N | €002
v/N v/N v/N v/N /N /N /N /N Y/N v/N | 2002
V/N V/N| W/N| VN wN| YN v/N w/N 7 v/N | T0dt
v/N vIN| WIN| w/N v/N v/N v/N V/N /N /N | oodz
v/N vIN| WIN|  W/N v/N v/N v/N W/N w/N v/N | 666}
{ou9) |, 1500 | 1500 ¢ 1503 1507 {oHD) 150D siipday 2Iupmojjv {oHD) 1 Suodwewny
uorsuodxy | goyay | jday | ssedad jouonoiadyy | Jouny®Il, N ®EILID|DS OJM]
Jofow B ULpy anJuandid
- xguepde) (oHD) ¥3do (DHD)- (x3dQ) | anuanay | | 1eap waisis
[ejo) | -(x3juede)) dx3 ajueuaulely jeade) jeioL aanjjpuadxy oy | | 11BN
W=20 umo|
w__mEm

|




OI0Z Lionigaq 'S1Say] OSW

Aupsy apmy ydasoy

guissiw 00z ARl |1 uoiesado Jo 1IEIS Ayl Wy SPI033) [euoiieiadQ g
2007 ABLU Ul §ASA MaU 0] WsAs ay] 10 Ju3WAdRURLL BY] JaA0 PIpuey §ASM 151y 3yl 7

3lep 01 866T Jaquaidas u) uoiesado Jo JEels 3yl woly Suuoiouny walshs sajep ‘T S3uipuy
Jjgejeay 10N = /N
00'¥9Z 000 000 |O00DT | 0OYSZ | OF'L09°Z | DS vOS 000 " PeTOTZ ov'vST's | 6002
8£'Z26'T | 000 000 |B86G9EZ | 0955 | 6SBED'S | 6EOOET | OO'ST OCEILE 60'vS0’6 | 2007
08°Z6L 000 000 |OTEPE | DL6vp | OLWZIT | 05T 000 09°9./6'T 99°'820°Y | LDOZ
v/N v/N|  w/N viNT | W/N /N v/N ¥N| V/N v/N | 9002
v/N v/N V/N N /N v/N W/N v/N w/N v/N | s00Z
v/N vN|  W/N VN W/N v/N v/N /N 7Y v/N | 7007
v/N vIN |  WIN N wN| VN v/N /N /N ¥/N | £002
v/N vIN| WIN VN W/N vIN | VIN | v/N v/N ¥/N | zo0zZ
v/N v/N v/N vIN .~ V/N | v/N v/N v/N v/N v/N | 1007
v/N vIN| W/N v/N | Y/N v/N v/N v/N v/N ¥/N | 0002
Vv/N VN | W W/N|  W/N /N | v/N v/N v/N V/N | 66T
(aHB) 1500 1507 1500 1507 (OHo) | 3507 shoday | adupmojy {>HD) / eiqueln
vorsupdxy | ‘qoysy jday | snodas jouonosady | Joulin®a, N DSILID|DS
, Jolopwy 2 UnupYy anjjuanid
xjuepyded “(oH9) 60 | WP (OHD) | anuaaay | 1ea) | waisAs
[[=a 0] ] -[xquedes) dx] asueuajuiely |eyide] Lz le] ] - (x3d0) |eio g J2IEM
ainypuadxy \ umo ]
_ NZO __ Jjews




pIOZ Lionaga.f ‘$1say ] ISH

JASM FMIUBISGNS MIU LWOI PAAIFIAL SPI0I3L BOOZ 0 9007 1B3A T
3LUI 1B 18 WAISAS J31BM BUY JO S31IIWWI0D JUSWISEUBK WAL WO PIAIaIs] SpI03al |euonelado spOZ7R POOZ JEBA T SBulpuy
ajqejieay 10N=Y/N

HUDS FMDMY Ydosof

S6°68P'ET I8 LeL'ET [ 1874959 | loooLt's I6°TIV'PZ | BOOT
06'PLE'D 0S°ZSE'0T | 0SZT6'S | oo'orw'y ZUZEL'EL | LOOT
£6'£95'T Z£'890'8 | ZESYB'E O0ECCH | 00'ZOT'6T | 9002
0L'68V'T 000 000 09°9TL | OT'ELL 09°091'S | OF991'C  09°68 09092 B6'06LPT | SDOZ
08'LZS 000 000 0L BLE | OT'6YT . | OL'9y6'2 | OEZSZT 0E'Z8T OT'ZIS'T 60'v0T'9T | #00Z
v/N v/N viN| W w/N /N v/N v/N /N v/N | 00T
v/N v/N V/N v/N v/N v/N v/N v/N v/N v/N | zooz
Y/N v/N v/N v/N WiN v/N VIN ¥/N W/N v/N | TOOZ
v/N v/N v/N v/N wiN v/N v/N v/N v/N v/N | oooz
v/N v/N v/N v/N Y/N W/N viN v/N /N Y/N mmﬂ
(OH2) 1509 1503 1507 1509 {(oH9) 1500 sijpday FauDmofiy (oHD) esuelogy
voisuodx3 | ‘gqoyay ‘|day sapdag Jjouonosadg | JoulAIENIN ms3alIDjos
Jofoin ® Wwpy | 2ANUSAIId
x3uepde) | (OHD) xado (OHD) | enuansy ieap | waysAg
|eloL -{xauewded) dx3 sueuajuiel |eyded) |2101 - (x3dQ) je10L J31EM
_ ainjipuadxy umo]
_ _ WBO : llews




AIOC daoniga. ‘sisay ] IS DSy awnmy ydasof

6t 0€'z £6'E 009 e £1'8 | 8%9 |e30L
o £V0 I¥0 I | ero 70 670 650 yoddng
€20 Z1°0 110 £'e 70 : L0'S w0 xjuede)
970 ZE0 70 Zr0 9£°0 SED 90T x3do
BEE €71 ITE 512 ¥1'Z T 6V | x3de)
esuelofy | nyalag Suodwep apojuoyy | @sewouely ued esSuenso eiquieAsn {wnuue 1ad eyde) 1ad)

uissy oM _ ) _ _ | :;E auodwo) 31500

SUI2)SAS JI]E A UIAG 10] AIIAI( IDTAIIG JIE AN Jqruivlsng Jo sjupuedwo) 1507

s1sA[eUY 1500) Jo s[e1a( ajdureg pue Synsy ¢ xpuaddy




1oz Lionaga.f ‘sisay] OSH

DSy awmny ydasor

10 Z€0 £b'T 1S0D LIND
8T°0v9 LLOVL'T ST'SI8'L 1INd v
2167 89°SE6'L 9§°599 21 (T 423A) AN d
2007 D9'SSE DO9EY'L ) |
LODT DO006'T DO 88y’ _ 000000T ‘dOd 1vENY
9007 0T EIR'T QU BLE'E d | 7585 'd0d NOIS3a
S00T E6TES'T S0LE9'T u ot ('s24) 39v
v00T 05 T0L'T | oT'0Z0'C | | 9%aLT NOILYT14NI
£00Z 59°'€9 0EDIOT T !
7007 L1981 DZ'S9E'T 0z ('saA) 3y jnyasn
" tooz | oozez Zr98L
0002 000 92'026 _
6661 | 000 £6'SS9 |
e 9’99’ LY 1500 35414 | __
A | awendes | %o i g ,

SSMUS Jo sisAipuy 350D 3jdwios




Quantifying the cost of sustainable water service in selected Small Towns in

=%Mmm%w

SUPPORT COST FOR YEARS 2000-2008; CHECK-LIST
Regional Level:

Fixed Cost Details

Salaries

Field Allowance

Electricity

Telecommunication

Stationery

Repairs of vehicle

Running cost of vehicles
Regular capacity building (USS)

0 =] @ W fa W b

Variable Cost Details
Support to District Capacity Building:
1 Training Materials
Hotel Accommaodation
Refreshment
Tuition fee
Assistance towards DWSPs preparation
6 Financial Management Support to the districts
Community Mobilization and Training:
1 Training of Partner Organization (Pos)
Hygiene Promation
Training of Latrine Artisans
Training of WATSANS
Training of WSDEs
Training of community Women's Group
0&M, Follow-up

B W

-] M N I W M

District Level :
1 District Support to DWSTs & EHAs
(for capacity building, monitoring and follow up activities)

2 Satary for staff
(Desk officer for water and sanitation,3 member DWSTs and 3-member EHAs)

i i

Joseph Kwame Asante MSec Thesis, February 2010
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