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ABSTRACT

The supply of potable drinking water in Ghana has not been adequate and the
situation has worsened in recent years, especially in the Upper East Region. The
response of Government has been the drilling of boreholes as water points. With the
associated drudgery in drawing water, the Community Water and Sanitation Agency
(CWSA) piloted a number of solar powered boreholes in the region. However a
sizable number of these boreholes have been abandoned (capped) for quality reasons,

mostly due to high fluoride levels.

The study evaluated the performance (in terms of water output per day) of solar
powered boreholes and assessed the possible use of capped boreholes for irrigation in

the region.

Two solar powered boreholes at Zorbisi (Lat: 10°48°03°> N and longitude:
00°52°42°°W) and Nayagnia (Latitude 10°53°12>> N and longitude 01°01°55>> W) in
the Bolgatanga Municipality and the Kasena Nankana districts respectively were used

for the study.

Water meters were installed in the system, where daily recordings were made. Data
from successful boreholes in the region was also collected and analysed to determine
trends inherent in them. It was found out also that the minimum depth to ground water
in the region is below 20m, and that discharge decreases with increasing depth. The
system was manually operated and the water output also measured and compared with
the solar system and was found out that; the manual operation gave more water than
the solar because it had longer operation time than the solar whose operation was
limited to (8:30AM-3:15pm). The per capita water demand for Zorbisi and Nayagnia
was found to be 17.30 and 16.32 I/p/d respectively. From the South African
agricultural water quality guide lines, it was found out that about 50% percent of the
boreholes could have been used for Agriculture; and that the rest of the capped

boreholes could also be used for Agriculture on neutral to alkaline soils.
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CHAPTER ONE
INTRODUCTION

1.0 General Introduction

Population growth and climate change have put a lot of pressure on water resources
the world over. Water is in high demand to meet the varied needs of the ever-growing
population. It is estimated that 884 million people lacked access to potable water
supply and that 84% of them lived in rural areas (WHO/UNICEF, 2010). Two billion
people worldwide depend on groundwater for drinking and its regional significance is
evidenced by its provision of 70% of potable water in the European Union, 80% of
rural water supply in sub-Saharan Africa, and 60% of agricultural irrigation water in

India (IAH, 2006).

A recent groundwater study in Africa has shown that there is possibly 20 times more
water available as groundwater compared with that available in lakes and rivers
(MacDonald et al., 2012). The relative importance of groundwater in staple crop
production is between 14-18% of global cereal production and up to 50% or greater of

cereal production from irrigated areas (Burke et al., 2012).

Although the whole world is working to meet the ‘Millennium Development Goals
(MDG) target, to halve, by 2015 the proportion of the population without sustainable
access to safe drinking water, it may not be met in rural sub-Saharan Africa.
Improved groundwater supplies (particularly drilled and hand dug water wells)
provide a lot of the water needs of ‘rural dwellers’ within a reasonable distance of
their home’. It is estimated that about 60,000 boreholes per year need to be drilled in
sub-Saharan Africa alone to meet the MDG target. But this is yet to be done thus

creating a deficit.



Again, the rapid expansion of housing developments; often, far ahead of utility
services, has resulted in public water provision being inadequate and not able to meet
current demands as well as tackle the deficit (RWSN, 2010). Given the expected
urban population growth rates and in view of some climate change scenarios,
groundwater expansion is considered as one of the preferred responses in areas of
Africa where suitable aquifers are present (Foster et al., 2010). An innovative
approach to water management is therefore needed in Africa as water scarcity in the
region has been predicted due to the rapidly growing population. The complexity of
challenges and the uncertainty about the future necessitate a more sustainable,

integrated, and adaptive water management approach (Jacobson et al., 2012).

In Ghana, agriculture is pivotal in the national economy although it is predominantly
dependent on rainfed. Irrigated agriculture is catching up in recent times, though in a
limited scale as a result of the seasonality and unreliability of natural rainfall (Kyei-

Baffour and Ofori 2006).

The 2010 population of Ghana was 24.2 million with an annual growth rate of 2.5%.
About 60% of the population is classified as being in the rural sector. Total
agricultural land area is estimated at about 13.6 million ha, of which 29% is said to be
under production. Agriculture produces 32 % of the Gross Domestic Product (GDP)

and employs 55% of the 10-million-person workforce (GSS, 2011).

1.1 Problem Statement

Groundwater is being exploited for purely drinking water supply purposes mainly and
the Water Resources Commission (WRC) recently prepared a groundwater
management strategy to guide the long-term decision-making, actions, and

investments, as the Commission continues to strengthen its approach for groundwater



management in Ghana under a decentralized stakeholder engagement model. The
objective of the strategy is to provide a five to ten year road map for investments and
actions to be undertaken by the WRC to achieve decentralized sustainable

groundwater management (WRC, 2011).

Water supplies in rural areas, however, are obtained almost exclusively from
groundwater sources. The various groundwater development programmes have
successfully established mare than 10,000 boreholes countrywide. With a large
number of the boreholes classified as unsuccessful because of the chemical
composition of trace elements and others that just dry up. At present, irrigation
development does not play an important role in the overall water resources balance
considerations. However, the potential for irrigation has been shown to be

considerably larger than the present land area being irrigated (WRC, 2012).

According to Dzokoto (2000), access to good drinking water is a problem to rural
folks in most developing countries mainly because they have no access to electrical
grid. Solar energy has been identified as a reliable and less costly energy source for
water pumping in some of these rural areas. He also reported tremendous increase in
water delivery of the borehole when the solar pump was used to draw water as
compared to manual action. In 1990, Acres International Limited in a joint venture
with Wardrop Engineering Inc. conducted a study of small scale irrigation potential
and to prepare a project to be implemented through the Ghana Irrigation Development
Authority with support from the World Bank in the Northern, Upper East and West
Regions. Both surface and groundwater sourced irrigation schemes were to be
considered. The objective of the groundwater component of the study was to identify

locations where there was good prospects for developing small scale irrigation based



on tube wells of less than 20 m depth using mechanised pumps (Wardrop-Acres,
1990). They found out after studying information from over 3,000 boreholes
completed within the Northern and Upper Regions that the depth to water bearing
zone was in excess of 20 m and generally beyond the reach of a centrifugal pump,

with yields in most locations inadequate to support irrigation.

Boreholes constructed in the Upper East Region in five years, indicated that the
minimum depth to the water bearing zone is 28 metres and 76 metres maximum,
confirming the findings of (Wardrop-Acres, 1990). There are also water quality issues
to which fluoride is the most prevalent. Over 50 boreholes have been capped in the
Upper East Region alone because of these problems. Data gathered from the
Community Water and Sanitation Agency show that boreholes had discharges of 400

litres per minute and depths of more than 20 m.

The Community Water and Sanitation Agency, is currently implementing a project to
drill and install 200 boreholes in the Upper East Region to draw groundwater
(powered by solar and manual pumps) for drinking water supply. Research into solar
pumps has also made it possible to draw water to heads of 60-120 m, with relatively
high discharges of up to 13,500 I/d and 44,700 I/d at depths of 120m and 40m

respectively, (Mono pumps, 2004; Groundfus, 2012).

The existence of solar pumps with these capabilities with good borehole yield
information coupled with the need to be innovative in harvesting water to enhance
agricultural productivity in the Upper East Region therefore formed the basis of this

study.



1.2 Research Objectives
The overall objective of this study was to measure the performance of solar pump
(amount of water pumped out daily) and assess the use of the existing capped

boreholes for irrigation.

The specific objectives were:

» Analyse recent boreholes data;

» Determine the working discharge of water from both the solar and manual
pumps;

» Determine the existing and projected yearly water demand for the community
with respect to population increase;

» To establish whether there is excess water produced in relation to demand and
supply;

» Determine the number of capped boreholes for quality reasons and their

yields.

1.3 Research Hypothesis

The research objectives were formulated based on the hypothesis that the mechanised
borehole will provide water in excess of the community demand; and that with ease of
access to water, water usage will change. Thus there would be options for the
beneficial use of the excess water until community demand meets the system supply.

There may also be capped boreholes that can be useful for agricultural purposes.

1.4 Significance of the study
The study will help support investments in solar pumps for agricultural production. If
justified, options for beneficial use to fast-track returns to the investment would be

provided to create opportunities. This information will also be of significance to
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policy makers, scientists and environmentalists especially in the Upper East Region of
Ghana. Increase agricultural production in the region especially vegetables such as

tomatoes, onions and pepper the main cash crops in the area.



CHAPTER TWO
LITERATURE REVIEW
2.0 Importance of water
Water is life is a common saying and it is universally acclaimed as the most important
natural resource the world over. The importance of water is so great that it has been

given credence by the following statements:

e Living things depend on water but water does not depend on living things; it

has a life of its own (Pielou, 1998)

e Water is an integral part of the natural environment and the habitat for many

forms of life, be it human, animal and plant (Opoku-Agyemang, 2005).

o Water is earth’s eye, looking into which the beholder measures the depth of

his own nature’” (Thoreau, 1854)

Water’s importance on earth is therefore undeniable for human beings and is
increasingly so as water is becoming more and more scarce in major parts of the

world (Sandwidi, 2007).

Next to air, the other important requirement for human life to exist is water. The
importance of water in human life is so much that the development of any city of the
world has practically taken place near some source of water supply (Rangwala, 2011).
He adds that, water is nature’s free gift to the human race, and its availability in
various forms such as rivers, lakes, streams, etc, solid, liquid and gas is basically

important for human beings’ comfort, luxury, and various other necessities of life.



2.1 Water Quality

2.1.0 Introduction

Consumers of water expect it to be both aesthetically pleasing and safe to drink. That
is to say the water supplied for domestic use must meet some basic requirements
(potable and wholesome) so as to ensure that, that water consumed has no inherent
public health issues. The essence of purification of domestic water supply or waste is
not to make it physically or chemically pure, but to remove pathogenic bacteria; toxic
substances and excessive organic matter to levels that are considered harmless to the

human body or crops when such water is used in agriculture.

There is no single definition of water quality, because it depends on the intended use.

There are many methods for determining water quality; with each measuring a
specific parameter of water and differ in precision, speed, and cost (Dojlido and

Zerbe, 1998)

Real time water quality determination is expensive and complicated.

The purity of water is also a significant factor in the economy and in agriculture
(Blignaut and van Heerden, 2009). For example, poor water quality affects the quality

of crops (Ratajkiewicz, 2007; Woznica and Waniorek, 2008).

According to community water and sanitation agency (CWSA) ‘a good number of
drilled wells have been capped especially in the Northern parts of the country due to
high levels of fluoride found in these wells.” This was confirmed by the
Hydrogeological Atlas prepared from the Hydrological Assessment Project (HAP) of

Northern Ghana



Water quantity in recent years has been reported to be dwindling making access to

fresh water scarce.

Intensifying water scarcity is now a global phenomenon. The water resources of many
regions of the world are insufficient to meet the demands for food and fibre,
municipal and industrial and environmental uses. Even countries that are relatively
richly endowed with water may have to address regional or temporary water scarcity.
Virtually no region or area of the world has water resources that are sufficient to meet
demands in all times and regions. The arid and semi-arid regions of the world are
experiencing the most intense water scarcity. Elsewhere, it has been shown that
science and the development of technology, including soft technologies, will be
crucial in enabling countries and regions are or will be short of water to manage

increasingly severe scarcity (Vaux and Jury, 2004).



2.1.1 Water requirements for common crops

Table 1:Recommended maximum concentrations of trace elements in irrigation
waters for long-term protection of plants and animals

Element

Recommended

Maximum

Concentration

(mg/liter)®

Comments

Arsenic

Beryllium

Cadmium

Cobalt

Copper

Fluoride

Lead

Lithium

0.10

0.10

0.01

0.10

0.05

0.20

1.0

5.0

25"

0.20

This guideline protects sensitive crops grown on sandy
soils. Higher concentrations can be tolerated by some
crops for short periods when they are grown in fine-
textured soils.

Toxigities to plants have been reported at concentrations of
as low as 0.5 mg/liter in nutrient solutions and at levels
in the soil greater than 4 percent of the cation-exchange
capacity.

Concentrations equal to or less than 0.01 mg/liter require
50 years or more to exceed the recommended maximum
cadmium loading rate. Removal in crops and by leach-
ing partially compensates and perhaps allows use of the
water indefinitely.

Toxicity in nutrient solutions has been observed at a con-
centration of 0.50 mg/liter and in soil cultures at a rate of
10 kg/ha. Toxicity depends on the form of chromium
existing in the water and soil and on soil reactions.

A concentration of 0.10 mg/liter is near the toxic threshold
for many plants grown in nutrient solution. Toxicity var-
ies, depending on the type of crop and soil chemistry.

Concentrations of 0.1 to 1.0 mg/liter in nutrient solutions
have been found to be toxic to plants, but soil reactions
usually precipitate or adsorb copper, so that soluble cop-
per does not readily accumulate.

This concentration is designed to protect crops grown in
acidic soils. Neutral and alkaline soils usually inactivate
fluoride, so higher concentrations can be tolerated.

Plants are relatively tolerant to lead, and soils effectively
sorb or precipitate it. Toxicity to animals typically is
caused not by lead adsorption from soils but by aerial
deposition of lead on the foliage of pasture and forage
plants.

Most crops are tolerant to lithium up to 5 mg/liter in nutri-
ent solutions. Citrus, however, is highly sensitive to
lithium. Lithium is a highly mobile cation that leaches
from soils over an extended period of time.

Some crops show manganese toxicities at a fraction of an
mg/liter in nutrient solution, but typical soil pH and oxi-
dation-reduction potentials control manganese in soil
solution, so that the manganese concentration in irriga-
tion water is relatively unimportant.

Source: National Research Council (1993) http://www.nap.edu.
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Table 2: Effects of fluoride on crop yield and quality

Concentration
Range (mg/)

Crop Yield, Crop Quality and Soil Sustainability

Target Water
Quality Range

No adverse effects on crops

- 2.0
2.0-15.0 Maximum acceptable as concentration for fine
textured neutral to alkaline soils
> 15.0 Acceptable for irrigation only over the short term on

a site-specific basis

Source: Department of Water Affairs and Forestry, (1996)

2.2 Solar Pumping Systems

A pump is a mechanical device or arrangement by which water is caused to flow at

increased pressure (Rangwala, 2011). The purpose for which pumping is adopted in

water supply (especially in groundwater) is to lift water from a lower (inaccessible) to

a higher (accessible) level. That is, water available from wells/boreholes lifted for

direct distribution or to an elevated storage tank for storage and re-distribution to

communities.

11




Sun

Figure 1: Components of a Solar Water Pumping System

Pumps can generally be classified under two major headings:

1. Rotodynamic (the most common being centrifugal) and

Figure 2: Water flow in a typical centrifugal pump
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2. Positive displacement

The Roto dynamic pump transfers the energy of the pump to the water by rotating
components of the pump. The Positive displacement pump works by drawing a
known amount of fluid into a chamber and then pushing it out again through the

mechanical rotation of the pumping elements.

‘ il
Ep c \J S| ’rd‘J | >
A simple piston pump, with an inlet
valve (bottom) and an outlet valve
Figure 3: Diaphragm and piston pumps (top) that allows the chamber to fill
- and drain with the motion of the
Example of the operation of a niston

diaphragm pump.

Source: Arthur (2012) DSTC workshop presentation on solar pump
installation in Bolgatanga

Pumps generally require power to work. This power can come from steam engine;
diesel engine, gasoline engine; or electric motor. The electric motor require
electricity to work and can easily be used where there is grid connectivity or
electric generator. Solar energy has also been developed to a point that it can
generate electricity to power these motorised pumps and so can be used at any

location that has enough solar radiation.

In Africa and Ghana, there is enough solar radiation. Solar energy has high
potential as shown by the world distribution of solar radiation and energy potential

in Figure 4.
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Legend

High potential

Medium potential

Low potential

Figure 4: Solar radiation by regions of the world

Source: Patel (1999)

2.3 Irrigation

According to Sahasrabudhe (2012), irrigation is a systematically developed
knowledge, based on long observations and experimentations, of handling available

sources of water for economic growth of bumper crops. It includes:

» Training and tapping of sources of water supply;

» Storing of water;

» Conveying that water effectively to the fields with drainage of surplus water
and then;

» Using that supply of water economically for the bumper crop production.

Cuenca (1989) saw irrigation as basically an attempt by man to locally alter the
hydrologic cycle and to promote increased agricultural productivity. The irrigation
design manual published by the ARC-Institute for Agricultural Engineering (ARC-
ILI), defines irrigation as the artificial application of water to the soil to meet crop
water requirement. The definition vividly demonstrates why the Upper East Region

and in general the whole of northern Ghana needs irrigation infrastructure. The source

14



of water for irrigation has been historically, surface water but groundwater use has of

late gained roots because of its several advantages as compared with surface water.

2.3.1 Groundwater versus surface water as source of irrigation water

As in most semi-arid regions, surface water resources are considerably unreliable due
to the high inter- and intra-annual variability in rainfall. In addition, surface water
bodies are highly wvulnerable to contamination due to natural alteration and
anthropogenic intervention. In the long term, groundwater resources are reliable,
consistent, safe, and more importantly accessible to people. Since agriculture is the
predominant land use within the Upper East Region (UER) of northern Ghana,
groundwater irrigated agriculture becomes vital for economic development of that

region (Anayah and Kaluachchi, 2009).

Surface water also acts as breeding ground for vectors (e.g. mosquitoes and guinea
worms), as well as takes up fertile agricultural soils which are normally located in the
valleys used for the storage of surface water. In addition to its capacity to answer
growing water demand, groundwater also provides unique opportunities to cope with
increased climate variability due to climate change. While this ever increasing
reliance on groundwater has gone largely unnoticed, it has become a vital economic
input. Groundwater has become a major contributor to GDP and in a large number of
countries, it is the foundation on which agriculture, urban development; rural jobs and
safe drinking water supply systems have been built. Indeed, access to groundwater
through private tubewells was a key factor in South Asia’s Green Revolution (World

Bank, 2012).

Nevertheless, groundwater irrigated agriculture does have limitations as the water

source is dependent on recharge which is variable from season to season. Again,
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according to Gardufio (2010), in most regions (Table 1), with an extended dry season,
consumptive water use by agriculture (if unconstrained) usually generates a demand
for crop irrigation in excess of the availability of renewable groundwater resources
(given that extensive areas of cultivable land usually occur above aquifers). In some
cases inappropriate irrigated agriculture has become established (without planning)
through exploitation of non-renewable groundwater resources or very weakly

recharged aquifer systems.

Table 3: Global survey of land area for and using groundwater irrigation

GROUNDWATER IRRIGATION  GROUNDWATER VOLUME

REGION AREA USED
M ha propn total kmd/a propn total
GLOBAL 112.9 38% 545 43%
South Asia 48.3 57% 262 57%
East Asia 19.3 29% 57 34%
South East Asia 1.0 5% 3 6%
Middle-East & North Africa 129 43% 87 44%
Latin America 25 18% 8 19%

Sub-Saharan Africa

0.4

6%

l “()

Source: Gardufio and Foster (2010)

A more balanced approach to rationalizing groundwater use in irrigated agriculture is
urgently required which recognizes its key role in rural livelihoods but also values it’s

other roles more realistically.

2.3.2 Importance of Irrigation

Irrigation contributes immensely to agricultural production in the world. About 40%
of the total world food crops produced is through irrigation undertaken on only 17%
of the total agricultural land in the world (Upton, 1996; IPTRID, 1999). This means
that 60% of food crops are produced with rain-fed agriculture. The marginal

productivity of irrigated agriculture is therefore higher than that of rain fed
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agriculture. Shah (2008) has therefore concluded that irrigation is the lifeline for
sustained agriculture. Iterating the importance of irrigation and arguing for its
provision, Sahsrabudhe (2012) puts it simply, the necessity for the provision of more
and more irrigation facilities needs no emphasis; in fact irrigation can be rightly

called the backbone of agriculture.

Irrigation increases agricultural production in a year by providing all year round
farming opportunities through the artificial supply of water to crops. It has the ability
to regulate water supply to crops especially at times when the crops need water most
and provides drainage facilities for the disposal of excess water, which is impossible
with rain-fed agriculture (Rydzewski, 1987). Together with other agricultural inputs
like fertilizer, improved seed varieties, and technologically improved cropping
systems; the yield per hectare of irrigated land far outweighs that obtained through
rain-fed agriculture on the same size of land (Shah, 2008). Yilma (2005) identified
that the yield per hectare of rice cultivated on irrigated land on the Tono and Vea
irrigation schemes in the Upper East Region of Ghana is more than four times that

produced using rain-fed agriculture.

Shah (2008) also found an increment of over 76% in wheat yields in Khutti village in
Pakistan which is attributed to irrigation technology. This is because there is no single
requirement of plant life which is more vital than provision of water (Sahsrabudhe,

2012).

Caruthers (1997) therefore suggested that irrigation development is the most effective
tool for poverty alleviation than any other public development in arid and semi arid

climates.
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Irrigation reduces poverty by offering employment especially to rural households,
ensuring food security and by stabilizing (or lowering) food prices both in rural and

urban markets (Lipton, 2003).

According to Agodzo (1987), farm incomes and employment opportunities in
properly managed irrigated areas can be significantly higher when compared to the
pre-irrigation periods. Adding that this will in turn contribute to the improvement of
socioeconomic conditions, including nutrition of the people in the irrigated area and
with employment successfully created in the rural areas, urban migration can be

reduced.

Irrigation also increases the supply of agricultural input to industry thereby fostering
agro-industrial growth (Hussain, et al., 2003; Shah, 2008). The supply of cheap raw
materials to industry will also ensure price stability or low prices of industrial output
or goods. Irrigation
therefore alleviates suffering, preserves life, averts famine and advances the material
prosperity of a country (Shah, 2008). The agricultural sector in most African
countries, which provide the main livelihood of rural people, constitutes the largest

proportion of the workforce (Moyo, 2006).

However, the practice of agriculture during the rainy season alone, lasting for about
just five months in the year especially in the savannah countries in Sub-Saharan
Africa, offers seasonal employment to rural dwellers (farmers). Irrigation can
therefore provide a year-round employment for these farmers, thus improving their

lives as well as ensuring food security.

The New Partnership for Africa’s Development (NEPAD) identified agriculture as

central to achieving poverty alleviation, and food and nutrition security, and to
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attaining the Millennium Development Goals (MDGs) in the Region (MOFA and
GIDA, 2012). This is because agriculture even though practiced under rudimental
methods was providing about 80% of Ghana’s agricultural products. Sirte (2008)
stated it bluntly that agriculture is predominantly practiced on small scale family
operated farms using rudimentary technology to produce about 80% of Ghana’s total
agricultural output. The contribution of Agriculture sector to GDP has dwindled
recently such that in 2010, its share of the economy was 30% (of GDP) and provided
employment to 63% of the workforce in rural areas (IFAD, 2012). This therefore
implies that with a little support to double farming seasons in northern Ghana, parts of
Volta, Brong Ahafo and other parts of the country which experience a single wet
season per year our agricultural productivity will improve significantly. Again,

employment to the farmers in the dry seasons would have been ensured.

‘Under the 2010-2013 Ghana Shared Growth and Development Agenda (GSGDA),
agriculture was expected to drive the new economic development agenda of the
country, given its central role in generating income and providing subsistence for the
majority of the people. Under this agenda, the main focus of the agricultural
development policy was to accelerate the modernization of agriculture and ensure its
linkage with industry through a more intensive application of science, technology and

innovation (MOFA and GIDA, 2012).

According to Dinye and Ayitio (2013), irrigated agriculture offers opportunities for
greater livelihoods security and poverty reduction in northern Ghana where climatic

conditions do not allow for an all-year-around agricultural production.

Due to its perceived inadequate availability, groundwater is largely associated with

domestic use and the potential of using groundwater for agriculture are not well
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reflected in the country’s water and irrigation policies. However, contrary to the
official statistics and priorities, farmers have experience in groundwater for irrigation
since some do use shallow groundwater to produce horticultural crops in many parts
of Ghana. In the Upper East Region, which is the most populous of the three poorer
northern regions of Ghana, groundwater infrastructure is developed using rudimentary

technologies banking on the relative abundance of human labour during the long dry

Season (Namara, 2011). These are shown in Figure 5 and 6.

Figure 5: Digging to harvest groundwater

Fi§ouece: GroderdBertg (200ig)ation in UER

Peasant tomatoes farmer drawing groundwater to irrigate his farm in U.E.R. is shown

in Figure 7.
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Figure /: Groundwater use In U.E.R.
A--- A peasant farmer drawing groundwater from a well.
B--- Filling an improvised watering can
C--- Groundwater Irrigated tomato farm

D--- Harvesting tomato
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According to Obuobie and Barry (2010), the average cost for constructing a borehole

is as given in Table 4.

Table 4: Estimated cost of constructing a borehole

Average cost for a typical borehole Cost in 2010
(Depth:60m; Diameter 140mm )

Particulars Cost (USD)
Borehole drilling and construction in any type of rock 3,215
including borehole development(Additional cost of 14USD

per meter

Pumping Test 285
Total 3500

Source: Obuobie and Barry (2010). Figures are based on data from several drilling

companies.

Togo

Cote
‘Ivoire

.

Figure 8: Borehole locations in Northern Ghana as at 2009

Key

Well

@ Dry or technically
negative (1,898)

O Successful (5,914)
Source:

(Carrier et al., 2009)

Figure 8 indicates that one thousand eight hundred and ninety-eight (1,898) boreholes

drilled in Northern Ghana are dry or technically dry. The dry boreholes are made up

of capped boreholes which are capped purposely for quality reasons and others that do
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not meet the minimum discharge rate of 13L/minute as well as all boreholes that

previously met the discharge criteria but later could not.
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CHAPTER THREE
MATERIALS AND METHODS

3.1 Location of Study area

e

Builsa

\ \ The Study Sites \

\J MAP OF THE UPPER EAST REGION
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v
|

MAP OF GHANA

Figure 9: Location of Study Area

The study was carried out at Nayagnia (latitude 10°53°12° N and longitude
01°01°55 W) and Zorbisi (Latitude 10°48°03’N and longitude 0°52°42>°W)
solar/manual powered borehole sites in the Upper East Region of Ghana. Their
locations are as shown in Figure 9. These sites were selected to meet the condition the
Community Water and Sanitation Agency gave in granting permission for the
installation of flow meters at the sites. The region is in the north-eastern part of Ghana
and is located between latitudes 10°15’and 11°10° north and longitudes 0° and 1°40°
west. The Upper East Region is bordered to the north by Burkina Faso; Togo to the
east; Northern Region to the south and to the west by the Upper West Region. The
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region has a gross land area of 8842 km? (IFAD, 1991), nine (9) administrative
districts and a population of 1, 031,478 according to the population and housing
census of 2010 (GSS, 2011). It has a population density of 117 persons per km? as
compared to the national average of 102 persons per km? The rainfall in this area is
unimodal with annual mean rainfall of 1,100mm and a growing period in the range of
150-160 days (MoFA, 2010). Majority of the residents’ income is generated from
rainfed and partly irrigated agriculture, livestock rearing and traditional craft. The
high population density in the region places pressure on the water and land resources.
According to the Interim HAP Report, the pH of groundwater in UER generally
ranges from 6.50-12.00, except for Bawku where there are localised areas with pH

less than 6.5 as illustrated in Figure 10.

1500w [+ ulny

1PGWN
I

10° 00N

pH

. 400-525 @ =zo00-325
@ s525-650 . 9.25-12.00
® 6.50-8.00

Figure 10: Variation of pH in UER as at 2009

Source: (Carier et al., 2009)
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3.1.1 Zorbisi Site

Zorbisi is located on Latitude 10°48°03°” North and longitude 00°52°42> West in the
Bolgatanga municipality and is ethnically mixed (local inhabitants and settlers;
peasant farmers and government workers). The site can be described as partly rural
and partly urban because the municipality is classified by the Ministry of local
Government as Urban town but has rural characteristics. The community has some
social infrastructure such as pipe borne water to some of the households especially
settlers and staff bungalows located within the area. There are also other households
made up mostly of local inhabitants, who do not have access to pipe borne water but
have hand-dug wells. Farmers are knowledgeable in irrigation and have been
practicing it for many years. According to Akologo (personal conversation on 26"
November 2012), he has been farming tomatoes in the nearby valley for many years
in the dry season with other members of the community. The siting of this borehole

according to the CWSA was to provide potable water to this sector of the community.

3.1.2 Nayagnia

Nayagnia is located on latitude 10°53°12>> North and longitude 01°01°55”" West and
in the Kasena Nankana District and is a rural community, made up predominantly of a
single ethnic group who are peasant farmers. The community’s previous source of
water was more than 500 m away from their homes which met the aims of CWSA, to
provide potable water to communities within 500m radius. The community members
are knowledgeable in irrigation as the community is only 6 Km from the Tono

irrigation site.
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3.2 Materials Used

The materials used for the study include:

manual flow meters,
Calibrated bucket,
Calibrated gallons,
Stop clocks,

Hand held GPS, and

YV VYV VvV V¥V V V

Tape measure.

3.3 Methods Used

The study was done in stages. During the first stage, permission was sought from
CWSA to select the sites as well as install the two required flow meters to measure
the amount of water the system lifts in total per day. Permission was obtained with the
condition that the meters could only be installed at sites where pump installation was
on-going. And at the time of the installation of the flow meters, the Zorbisi and
Nayagnia sites were being installed with pumps by CWSA and this informed the
choice of these sites. The meters were installed between the pump and the storage
tank; with a tee attached to the tank supply pipe (just after the meter) with a stop cork
on the branched line (Figure 12). The branching and the stop-cork were to control the
water flow to allow the pumping system to continue non-stop, even if the storage tank

was full and the system’s stopping mechanism initiated.
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28

Shafts added to
convert the radial
motion to vertical
thus lifting the
normal handle

Normal
Handle
that is

known

Motor
powered by
solar array




3.3.1 Calibration of Measuring Tools and Equipment

All measuring tools used in the study were calibrated as explained subsequently.

3.3.1.1 Flow meter calibration

The flow meters were calibrated by passing known volume of water through it and
noting the readings. That is, the initial reading was taken before the known volume
was passed through. After all of the known volume had passed, the reading was taken
again. The difference of these two readings consistently gave values comparable to
the known volume passing through. The two meters were therefore installed to

measure the flows, as shown in Figure 12.

Installe
d meter

Displaye
d

Figure 12: Displayed reading and installed flow meter

3.3.1.2 Calibration of Containers

To reduce the losses of water in transit, containers with lids were given to households
under study to be used in carting water from the boreholes to their homes. There was
therefore the need to know the actual volumes of the containers used. The containers
were individually filled with water to the brim, the practice the community are used

to, and then emptied into a graduated bucket noting the volume from the graduation.
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The average (for five readings) for each container was taken and it was realised that

21 litres was the average container volume (Figure 13).

Figure 13: Container and Calibration bucket

3.4 Data Collection

There were five main components of the study for which data were collected as listed
below.

i.  Pump evaluation and discharge measurement studies

ii.  Collection and Analysis of recent borehole data in the region
iii.  Collection and Analysis of capped borehole data in the region
iv.  Drinking water demand studies and estimates

v.  Water usage measurement (increases and changes).

3.4.1. Pump Evaluation and Discharge Measurement
The discharge of the pumps was measured using the calibrated flow meters installed
in the systems. Daily readings were taken throughout the study period of 4-5 months

for time series graphs to be drawn.

Manual and solar power pumps were used at each site for the half-hourly pumping but

at different dates for the purposes of comparison. Five active men were used at the
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Zorbisi site while four were used at the Nayagnia site. This was to observe the

changes in the pump output with reduced labour.

3.4.2 Recent Successful Boreholes in the Region

Data from recent boreholes drilled in the Upper East Region were collected from the
CWSA and analysed to determine trends inherent in them. Different graphs were
drawn from the data; these included mean yield against depth, discharge against

depth, etc as presented in Chapter 4.

3.4.3 Analysis of capped boreholes data in the Upper East Region
Data on capped boreholes from CWSA were also collected and analysed by plotting
graphs, to show trends that may exist. Especially the borehole yields and depth as well

as the fluoride content were of interest in this study.

3.4.4 Drinking water demand estimate

The community water demand was estimated by counting the people in each
household whose source of water were these boreholes alongside the amount of water
consumed. Two calibrated gallons (with lids), were given to each of the five selected
households and were encouraged to use it to fetch water for all their needs required in
a day. This was to reduce losses in transit. The numbers of gallons taken to each
house per day for seven consecutive days were recorded. The household numbers as
estimated was used with the amount of water consumed to estimate household water

demand as well as the per capita water consumption.

3.4.5 Water usage measurement (increases, decreases, losses and labour)

A group of 20 members of each of the communities made up of seven (7) women,

five (5) girls, five (5) boys and three (3) men held a discussion at each of the sites.
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The composition of the focal group was because women and children hold the
responsibility of fetching water in these communities while the men generally take
decisions affecting infrastructure in the houses. The focal groups discussed the

following at each of the sites:
Zorbisi

e Water usage changes (from drinking to flushing toilets)

e Change in water use (number of buckets of water fetched because of the
investment).

e Time spent in fetching water

e Changes (Improvement or decline) in access to cleaner water

e Changes (Improvement or decline) in access to education and

e Labour input to access water.

3.4.6 Estimating Population

According to the Ghana Statistical Service, the 2010 population and housing census,
the intercensal growth rate of the Upper East Region is 1.2% per annum, and as these
districts are located in the Upper East Region, it is applied in estimating the
population increase for the communities in the project location up to the year 2020

using the geometric increase method. The formula employed was:
PDpFumre = ng Pre.ss:—:r‘x(f +1i )n
Where;
Poppresent = Present population,
Popruture = Future population,
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I = growth rate and

n = number of periods (in this case years).

For the year 2013, the population of the two communities counted from the

households were 182 and 210 for Nayagnia and Zorbisi respectively.

Therefore for the population in 2014, we have for Nayagnia,

Pop2014 = Pop2013(1 + 0.012)* = 182(1 + 0.012)!
= 182(1.012)

= 184.184

185 People

Similarly, for Zorbisi (2014), we have the population as;

Pop2014 = Pop2013(1 + 0.012)*
=210(1 + 0.012)*
= 210(1.012)
=213

The rest are so calculated and tabulated in Table 5.
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CHAPTER FOUR
RESULTS AND DISCUSSIONS

4.1 Introduction

The results gathered from the study using various methods are presented and
discussed in this chapter. These included half-hourly readings (for both manual and
solar pumping system), data of boreholes drilled or constructed in recent years
obtained from the CWSA.. Also, water demand results, population estimation and flow

measurements are also analysed and discussed.

4.2 Successful Boreholes and their Properties
This section deals with data collected from CWSA on successful boreholes. These are
boreholes that passed both the water quality test as well as the minimum yield criteria,

and so were developed for use.

E Mean Yield

= No. BH

25-34 35-44 45-54 >55

Figure 14: Mean Yield, Depth Class and number of Boreholes
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From Figure 14 it can be seen that groundwater is obtained mostly after 20 m depth of
drilling. The majority of the borehole depths ranged from 25-55 m with yield
generally decreasing with increasing depth. The highest mean yield of 78l/min is
obtained at the depth 25-35m followed by 35-44m. Therefore in most areas, there is
no need drilling too deep and drilling short at 20m will also not yield any appreciable
water. It also indicates that majority of the bore holes have meal yield less than 100

I/min although a sizable number of the raw data had yield ranges from 100-400 I/min.

450.00 I i S St S s 5 S e S S S S o —
400.00 o I S s B B B B s
Y =1.538Q - 4.032
350.00 ] i R2= 0593
£
£

Yield (Y)

0.00 50.00 100.00 150.00 200.00 250.00
Discharge (Q) (I/min)

Figure 15: Borehole Yield Against Discharge

From the yield/discharge graph in Figure 15, there exists, a linear relation between
borehole yield and discharge. And the relationship is near perfect in the lower range
of yield (10-130 I/min) and discharge (10-80 I/min). This therefore implies that within
the lower ranges of yield and discharge, it may be concluded that there is a direct
relationship between the data and that the higher the yield of the borehole, the higher

the discharge.
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4.3 Flow measurements from the studied boreholes
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Figure 16: Borehole Discharge per day (Nayagnia)

The discharge at the Nayagnia site is shown in Figure 16. It generally shows that the
average daily discharges increase with time within the study period. The abrupt
disparities are indicative of the environmental variations which consequently reduce

the irradiance on the solar panel.
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Figure 17: Borehole Discharge per Day at Zorbisi

The discharges at the Zorbisi site are as shown in Figure 17. It is generally also
indicative of an average daily discharge which increases with time within the study
period as the gradient of the equation of the line of best fit is positive. The similarity
of the equations of the lines of best fit for the Figures 16 and 17 is an indication that

the suctioning ability of the pumps was similar.
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Figure 18: Cumulative Volume Against Time (Zorbisi)
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Figure 19: Cumulative Volume Against Time (Nayagnia)

The cumulative volume against time graphs for both sites (Figure 18 and 19)
show near similarity as their linear functions portray nearly equal gradients (to
one decimal place) Vy=3.677d - 15160

Vz =3.708d — 15300
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The loss of the solar panels at the Zorbisi and Nayania site to thieves in early March

and late May made it impossible to take readings up to early June as planned.
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Figure 19: Volume Against Time for the Nayagnia and Zorbisi sites for Solar
pumping
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The half-hourly discharge plots (Figure 20) describe the trend in the pump volume
output throughout a day with solar energy. It also explains the power generation with
time since solar energy is transformed to volume of water pumped. Thus the trend
also indicates solar radiation variation per day, as well as the period in the day solar
energy generated is enough to power the system normally (between 8:00-8:30 am,

peaks at 9:00 am and then reduces to zero at 3:00 pm).

Zorbisi

Time (min)

40



NAYAGNIA)
0.4
035 | SurY
“\’%0022 / I [11 “\\ RS =S e _—0
2 0.2 / Rend
5 0.15
S 0.1
>
0.05 ll
0 ¢
cNoNolNoNoNoNoNoNoNoNoNoNoNoNoNoNoNololoeli o]
2NN NEeN2NNeNeNeNe WL
O OIS0 00O OO dd N ANOMMSSS< IO IO WO O
O OO OO0 O0O0O v e v+ v v v v
Time (min)

Figure 20: Volume Against Time for Nayagnia and Zorbisi sites with Manual
Pumping

From the graphs of the manual pumping (Figure 21), it is seen that the manual
pumping starts with larger discharges as the men were still strong and reduced as the
pumping aged. This trend is seen quite clearly at the Nayagnia site where we used

only 3 people for pumping as compared to five in the Zorbisi site.

4.4 Household and Per Capita Water Demand Estimates and projections

The household water demand from the five households that were studied as well as
the projection for the community population are as shown in Table 5 and 6.

From Table 5, the demand per capita for Zorbisi and Nayagnia are 17.30 and 16.32 I/d

respectively.
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Table 5: Water use characteristics

ITEM/ COMMUNITY ZORBISI NAYAGNIA
Household 22 17
Population 210 182
Household under study 5 5
Understdied household population 60 25

Unit volume of gallons (litres) 21 21

Number of gallons per week 346 136

Volume taken home in a week (litres) 7,266 2,856
Volume demanded per person per week 121.1 114.24
Volume demanded per person per day 17.3 16.32
Volume demanded per day for the whole population | 3,633 2,970.24
VVolume demanded per year for the whole population | 1,326,953.25 | 1,084,880.16
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Table 6: Yearly estimated population and attendant water demand

Year Population Water Demand
Nayagnia | Zorbisi Nayagnia Zorbisi

2013 182 210 1,084,880.16 | 1,326,953.25
2014 185 213 1,102,762.80 | 1,260,331.65
2015 187 216 1,065,507.30 | 1,278,082.80
2016 189 218 1,076,903.10 | 1,289,916.90
2017 191 221 1,088,298.90 | 1,307,668.05
2018 194 223 1,105,392.60 | 1,319,502.15
2019 196 226 1,116,788.40 | 1,337,253.30
2020 198 229 1,128,184.20 | 1,355,004.45
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Figure 21: Population projection in Nayagnia and Zorbisi

The general population trend increase with time. The population projection as
illustrated in Figure 22 may hold for Nayagnia but not Zorbisi. Zorbisi
population will be non-linear since the area is within an urban area and
attractive to settlers. The area also accommodates private students at the
Bolgatanga Senior High Technical Institute and so the population behaviour
will vary. As such, the population growth estimate may be under or over
estimated. The generally rural setting in the Nayagnia site makes it

unattractive to settlers.
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4.6 Fluoride concentration in Capped Boreholes

Concentration(mg/l)
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Figure 22: Fluoride Content Distribution in Capped Boreholes in
UER

The World Health Organisation baseline for fluorinated water is that fluoride
in drinking water should be less than 1.5mg/l (WHO, 2006). The capped
boreholes had acceptable discharges but could not be used to supply drinking
water because of the high fluoride content (i.e. 1.5mg/l). Fifty (50%) of the
capped boreholes were found to have fluoride content ranging from 1.5-2.0
mg/l. However these are suitable for irrigation (NRC, 1993; Department of
Water Affairs and Forestry, 1996) and therefore can be adopted.

Again the role of the CWSA is to provide drinking water and sanitation
services to the communities in which they operate and so consideration for
other uses are not made. This has resulted in the capping of boreholes that

would pass agricultural water quality tests but not that of drinking water

supply.
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Figure 23: Borehole Yield Against Fluoride Concentration in UER

Figure 24 shows that, the high yielding boreholes are also having the lower fluoride
content in the capped boreholes. The effect of fluoride on plant growth is dependent
on the amount of exposure, soil pH and the type of plant. For instance, according to
Greenwood (1956) and also based on Tables 1 and 2, plants grown in acid soils can
tolerate fluoride up to 1mg/l while neutral and alkaline soils usually inactivate
fluoride and so can take higher levels of fluoride. It may be possible to use such water

sources for irrigated agriculture although fluoride tolerance varies from crop to crop.

4.7 Water usage measurements (improvement/decline, losses and labour)

The focal group discussion held at the two sites to result in following:

Nayagnia

e Water usage changes (from drinking to flushing toilets)
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The community were in consensus that they do not have water closets and so
do not use the water for flushing. In fact, the community still practice
indiscriminate defecation (free range) in the disposal of faecal matter.

Change in water use (number of buckets of water now fetched because of the
investment)

Under this the discussants were divided as about 50% of them agreed that
they now take more water home as compared to the time the facility was not
installed. While the remainder said they had gone to the borehole on several
occasions and the reservoir was dry and they had to resort to the use of the
manual winding which they found difficult because the process was
ergonomically not friendly to them. In other words the process was new and
they were adapting.

From my observation, those that had much water now were those residing
close to the site and because of the shortages explained earlier, they horded
the water by taking more than enough for a day.

Time spent in fetching water

The discussants agreed that they now spend less time in the borehole because
the taps run faster when the reservoir is full but maintained that it is seldom
the case and they spend more time using the manual process. When asked to
estimate the time spent in manually filling the same bucket and how much
time the system uses to do same, a participant indicated that it took 5 and 2
minutes respectively.

Changes (Improvement or decline) in access to cleaner water

The group were in consensus under this. A member intimated that the

borehole from which they accessed water was leaking and allowed all manner
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Zorbisi

of waste water from their feet inside as compared to the new system borehole
which is designed to be watertight. In sum, in terms of cleanliness/portability
of the water it was generally agreed that water from the system is of a higher
quality than the old borehole they formally accessed drinking water from.
They agreed that management of the resource is crucial to maintain its current
quality status for years to come.
Changes (Improvement or decline) in access to education
The discussant were in consensus, as they all admitted that their children now
spend little time to fetch water because:
o The system is very close to the community as compared to the old
borehole they previously relied on.
o Fetching from the tank is relatively faster, as the water flows under
pressure.
Labour input to access water
The members agreed that the system has reduced their labour component
when the solar component is working but when it is down due to inadequate
irradiance, they labour rather more. This was because the manual component

that operates in default is new and they are now adapting to its operations.

Water usage changes (from drinking to flushing toilets)

The community were in consensus that they do not have water closets and so
do not use the water for flushing. Some members said they practiced free-
range in the disposal of faecal matter while others said they use latrines they

constructed.
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Change in water use (number of buckets of water now fetched because of the
investment).

Under this the discussants about 60% of them agreed that they now take more
water home as compared to the time the facility was not installed. Thirty per
cent of them said they had gone to the borehole on several occasions and
found the reservoir dry and they had to resort to the use of the manual
winding which they found difficult because the process was ergonomically
not friendly to them. In other words, the process was new and not
comfortable. The remainder also said that they still fetched majority of their
water from the hand-dug-well they previously used because the reservoir was
mostly empty in the evening and they are not comfortable with the manual
system.

From my observation, it is true that majority are not comfortable with the
manual design and they will need training and time to adjust.

Time spent in fetching water

The discussants agreed that they now spend less time in the borehole because
the taps run faster when the reservoir is full but that the manual process is
difficult to operate. When asked to estimate the time spent in manually filling
the same bucket and how much time the system use to do the same a
participant indicated that the 6 and 3 minutes respectively.

Changes (Improvement or decline) in access to cleaner water

The group were in a consensus under this. A member intimated that the hand-
dug-well from which they accessed water was open and allowed all manner of
waste to fall into it contaminating the water as compared to the borehole

which is designed to be watertight and does allow even waste water from the
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floor to enter the borehole. In sum, in terms of cleanliness/potability of the
water, it was generally agreed that water from the system is of a higher
quality than the hand-dug-well they formally accessed drinking water from.
They added that, the open nature of their well is even dangerous and is not
child friendly as compared to the solar borehole system.

Changes (Improvement or decline) in access to education

The discussant were in consensus, as they all admitted that their children now
spend little time to fetch water because drawing water from the tank is
relatively faster, as the water flows under pressure.

Labour input to access water

The members agreed that the system has reduced their labour component
when the solar component is working but when it is down due to inadequate
irradiance, they labour rather more. This was because the manual component

that operates in default is new and they are now adapting to its operations.
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CHAPTER FIVE
CONCLUSIONS AND RECOMMENDATIONS
5.1 Conclusion

It can be inferred from the data gathered and from literature reviewed that borehole
depths to groundwater in the region is deeper than 20 m. The majority of the borehole
depths range from 23-65 m with yield generally decreasing with increasing depth.
Also, majority of the boreholes have mean yields less than 100 I/min although a

sizable number of them have yields more than 100 I/min.

The average daily pump discharge when powered by solar for both sites were 3.72
m*/ d and 3.64 m®/d for the Zorbisi and Nayagnia sites respectively, although there are
individual daily discharges higher than the averages within a sunshine duration of

about seven and a half hours (7.5h).

The manual pumping with 4 and 5 people at Nayagnia and Zorbisi produced a daily
discharge of 5.68m*d and 7.27m%d within 10 hours and 11.5 hours of pumping

respectively.

This therefore indicates that with more powerful pumps, there would be higher

discharges from the boreholes.
The per capita demand for Nayagnia and Zorbisi are 16.32 and 17.3 I/d respectively.

5.2 Recommendations

Inferring from the results of this study, the following recommendations are made:
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v That the solar panel is doubled and the energy generated by the extra panel
stored to power the pumps during sunless periods.

v' The capped boreholes, especially those with fluoride concentration levels
ranging from 1.6-2mg/l are within the standards allowed for agricultural
purposes elsewhere; for example in South Africa and so these boreholes water
should be harvested for agricultural use in the Upper East Region. But initial

studies on small scale or pot experiment should be evaluated first.
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