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Hydrogeological and Hydrochemical Framewaork of Groundwater for irrigation in the Atankwidi
sub-basin of the White Volta Basin

Abstract

This study presents research findings on the hydrogeological and hydrochemical framework
of groundwater for irrigation in Atankwidi sub-basin of the White Volta Basin. The potential
use of shallow groundwater for small-scale dry season irrigation is a key issue for irrigation
development in the arid zone of Ghana. Farmers within the Atankwidi sub-basin are
increasingly using groundwater as a source of irrigation water due to the unavailability of
surface water in the dry season, hence the need to investigate its availability and suitability in
order to ensure sustainability in the application and possible expansion of groundwater
irrigation in the area. The aquifer geometry in the Atankwidi sub-basin has therefore been
successfully delineated using geophysical (VES and EM) techniques which revealed a
shallow regional aquifer system with a mean saturation thickness of 6.3 m. The hydraulic
conductivity values computed from grain-size analysis varied from 1.25 x 10”m/d to 1.52
10? m/d. Transmissivity values within the sub-basin were low with values ranging from 3.75
x 10° m¥/d to 5.32 x 10" m*/d which is indicative of unconfined aquifer conditions. The
estimated potential volume of groundwater storage of the aguifer within the sub-basin under
the conditions of this research is 370,777,191.2 m’. Two main water types (Ca-Mg-HCO; and
Na-Mg-Ca-HCO:) have been determined using the Piper diagram. The relative abundance of
cations in the groundwater was found to be in the decreasing order of Na" > Ca™ > K" > Mg*"
> Fe?', Similarly, that of anions was found to have a decreasing order of HCO5 > SO, > CI
> POy > NOs > F~. Groundwater in the area had low SAR and low to medium salinity
hazard. However, magnesium hazard and alkalinity problems are likely to limit its use for
irrigation. Dental decay have also been identified to be the main potential physiological

problem associated with groundwater in some communities should it be used for drinking.
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sub-basin of the White Volta Basin

1. INTRODUCTION

1.1  Background of the Study

Agriculture according to the Ghana Poverty Reduction Strategy | and 11 is the basis for
economic growth and structural transformation. In other words, economic growth and
structural transformation is propelled by the agricultural sector in order to maximize the
benefits of accelerated growth. This prediction is based on a number of factors. First,
agriculture is the highest contributor to GDP accounting for about 50% and provides
employment for over 60% of the population. It also accounts for about 60% of export
earnings. Consequently, growth in the sector will, therefore, impact directly on growth of the
economy as well as employment. Therefore accelerated development in small-scale
agriculture which is persistent in the rural areas will have direct benefit on poverty reduction
in the rural areas and help to slow-down the rural-urban migration. It will also ensure foud

security and contribute immensely to health and well being of the population.

Not withstanding its major contribution to the economy. agriculture in Ghana is largely
dependent on rainfall. However, given the erratic and extremely unreliable nature of rainfall,
probably due to climate variability, irrigation development is seen as an obvious strategy to
increase agricultural production. There are direct linkages beiween improved control over
water and cropping and related impacts which consistently underlie the Asian research
findings that irrigation development alleviates poverty in rural areas of developing countries
(Mellor and Desai 1985; Chambers ef al 1989; Hossain 1989, Hussain 2005). Globally there
is a strong positive relationship between higher density of irrigation and lower poverty rates,
as Liptl.:_r_n_gi af {2003) ip_imamsf-ln-ﬁﬁica. only 3% of cropland is irrigated and the region has
experienced very little reduction in poverty in the 1990s (World Bank, 2000). In contrast,

e
those regions that have the greatest proportion of cultivated area irrigated (namely East Asia,

Pacific. North Africa and Middle East) have nxgericnucd the greatest p{wﬂﬂz reduction.

Samue! Barnie = 1 M5c, Thesis 2010



Hydrogeological and Hydrochemical Framework of Groundwater for Irrigation in the Atankwidi

sub-basin of the White Volta Basin
%

One irrigation development pathway involves the utilisation of small reservoirs. However, the
performance of many of these systems is affected adversely by management problems and the
economic benefit relative to the investment is characteristically low and only benefits a
limited number of farmers. The total potential of irrigable land in Ghana is put at 500,000
hectares with the current area developed for irrigation estimated at 11,000 hectares which
represents only 0.02% of its irrigable land. Irrigation of some of these arable lands could not
materialise due to the projected capital involvement in channeling surface water over long
distances to the irrigable lands. Availability of groundwater is therefore a major asset that can

greatly influence agricultural production.

The use of hand-dug wells enables the utilisation of shallow groundwater for irrigated
production of vegetables and cash crops during the dry season and, therefore, provides an
alternative source of income. for farmers and poor households. For instance, the large scale
production of shallot and other vegetables using shallow groundwater in the Keta Strip has
provided enormous income to the indigenous inhabitants (Kortatsi and Agyekum, 2000). In
most cases, SGI has developed without any government or donor involvement. Since 1998,
shallow groundwater irrigation using hand-dug shallow wells dug in alluvial beds have been
spreading throughout the upper parts of the White Volta basin and are located mainly in
inland valleys. Although SGI is increasingly being adopted by farmers within the White Volta
Basin, its sustainability in the near future can not be guaranteed since little in known about the

quantity and quality of shallow groundwater within the basin.

The potential use of shallow groundwater for small-scale irrigation as an alternative to surface

and reservoir systems is@n important issue for irrigation development in Ghana. Martin and

Van de Giesen (2005) estimated that the groundwater utilisation is approximately 5% of the
il

average groundwater recharge in most of the White Volta basin; the rest mainly evaporates or

Samuel Barnie = 2 MSc, Thesis 2010
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runs off through the river. The proundwater resource in the basin can therefore be seen as

being under utilised.

It has been more fully realised that refined quantitative answers are needed concerning
available groundwater resources and their management. Utilisation of groundwater continues
to accelerate to meet the needs of irrigation, industrial, urban. and suburban expansion. As
groundwater development intensifies, users become more interested in the response of
aquifers to heavy pumping for example, and the hydrogeology as a whole. Competition for
available sources has brought about awareness that one of the principal problems confronting
hydrologists is resource management. The resource, therefore, needs to be assessed in
quantity and quality and in the basin to aid sustainable development of the area in order to
meet the development agenda for Ghana which is driven by Ghana’s commitment to the

MDGs.

1.2 Problem Statement

Food insecurity and poverty are major problems of the inhabitants of the White Volta Basin.
The major activity in the basin is rainfed agriculture, which employs approximately 70% of
the inhabitants, vet erratic and unreliable precipitation leads to low production. Supplemental
irrigation is only available for an extremely low percentage of cropland, resulting in a low
percentage of irrigated land in the dry. season, which is approximately 1% of the total

agricultural land within the basin (Unofficial report, GVP, 2007).

According to Laube er al., (2008) seasonal migration of people from the north to the south of
Ghana i_s_Elgé_-rf:asing as well which-has led to an increase in the number of people in small-

scale agriculture. Since agriculture is the main occupation of most of the inhabitants, more

S
irrigable land and irrigation water is needed to improve agricultural production for food

sugply for the growing population.
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Currently small-scale farmers try to reduce poverty and improve livelihoods through the
expansion of shallow groundwater irrigation for the production of vegetables for the national
market. As this is farmer-driven irrigation expansion. further investigation abour the

hydrogeology and the hydrochemistry of the shallow groundwater system is needed for this

development.

1.3 Justification of the Study

There is no doubt that water is one of the most important inputs in agricultural production in
Ghana apart from labour. More importantly almost all agriculiural production depends on
natural rainfall. Therefore, crop yields are invariably poor since the rains are very erratic.
Groundwater development for irrigation should therefore be really looked at since it
constitutes about 30.1% of the available freshwater on earth (United States Geological

Survey, 2005)

The evaluation and management of groundwater resources for any use require an
understanding of hydrogeological and hydrochemical properties of the aguifer, since these
parameters contrel groundwater oceurrence, its quantity and quality for any use. That is, it is
important to have the aquifer characteristics such as geometry, hydraulic conductivity and
transmissivity database readily available for developing local and regional water plans and

also to assess and therefore predict future groundwater availability and suitability.

Additionally the hydrochemical study also reveals the quality of water that is suitable for
drinking, agricultural and industrial purposes. There is therefore the need to investigate the
availability in quantity aﬂg_qua.EL%&f shallow groundwater to ensure its development and

sustainability for irrigation in the sub-basin.
e —
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1.4  Aim and Objectives of the Study
The main objective of the study is to investigate the groundwater potential for irrigation

within the Atankwidi sub-basin of the White Volta Basin.

Specific Objectives
To achieve this main objective the following specific objectives should be met.
® To determine the aquifer geometry in the sub-basin
* To estimate the hydraulic conductivity and transmissivity of the aquifers

e To assess the groundwater quality.

1.5 Scope of the Study

The study seeks to investigate into the hydrogeological and hydrochemical framework of
shallow groundwater system which is used mainly for irrigation in the Atankwidi sub-basin of
the White Volta basin in the Upper East Region of Ghana. For this study, a shallow well is
defined as a well dug into pervious layers abave the first impervious layer or stratum. The

shallow groundwater system being considered here ranges from the depth of 3 m up to 10 m.

e et
Samuel! Barnie 5 MSc. Thesis 2010



Hydrogeological and Hydrochemical Framework of Groundwater for Irrigation in the Atankwidi
sub-basin of the White Voita Basin

2. LITERATURE REVIEW
2.1 Introduction

This chapter deals with the review of relevant literature in relation to the study. This includes
the concept of groundwater occurrence and movement, groundwater use in the study area and
for that matter Ghana and hydrogeological framework of Ghana. The hydrochemistry of

drinking and agricultural (irrigation) water is also discussed in this chapter.

2.2  Hydrologic Cycle and Groundwater

According to Freeze and Cherry (1979), groundwater is defined as the subsurface water that
occurs beneath the water table and flows through voids in soils and permeable geologic
formations that are fully saturated. It does not exist in isolation but it is part of an integral link

in the hydrological cycle as shown in Figure 2.1 and a valuable supporter of ecosystem.

eWateré c]
&
ab"'-"#ﬂ‘u'ratqu uln

tho atmosp ora

Transpiration

Water storage
In cceans

Figure 2.1: Hydrologic or Water cycle (http.//ga water. usgs.gov/edu/watercyclehi html)

The hydrologic cycle is driven by the energy of the sun and takes water from stored water in
oceans and transfers it T ugh the atmosphere back to the oceans through different routes. A
____component of rains that fall on the land surface infiltrates into the soil with the remainder

evaporating into the atmosphere or as runoff to rivers. Soil moisture can both be taken up by

Samuel Barnie = 6 MSc. Thesis 2010
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plants and transpired or flow quickly as interflow 10 a river channel. Some of the infiltrated
water go down deeply, eventually accumulating above an impermeable bed, saturates
available pores and forms underground reservoir known as groundwater. The underground
water-bearing hﬂﬂhﬂﬂmhcmhhnfyhuiqmmlmlnfwﬂu s referred o

as an aquifer.

23 Hydrogeological Framework of Ghana

The hydrogeological condition of an area is highly influenced by the characteristics and
structure of basic geology and climate. " In Ghama, the hydrogeological regions and their
characteristics are very similar to the local geological conditions, because the climate zones of
the country are mostly conformable to the geological regions (British Geological Survey,
1993).

Currently, a lot of hydrogeological studies have been conducted in the country in a bid to
increase water supply particularly to the rural community. Ghana is divided into two major
hydrogeological provinces. The main units are described as follows:
*  The Basement Complex, composed of Precambrian crystalline igneous and
metamorphic rocks and
*  Palaeozoic sedimentary formation.
Minor provinces consist of;
i Cenozoic, Mesozoic, and Palacozoic sedimentary strata along narrow belts on
the coast, and
il Quaternary alluvium along the major stream courses.
The Baseiment complex i Tarther subdivided into sub-provinces on the basis of geology and
__groundwater conditions (Gill, 1969). Precambrian crystalline igneous and metamorphic rocks

can be subdivided into Birimian, Granite, Dahomean, Togo, and Tarkwaian formation. These
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formations consist mainly of phyllite, schist, gneiss, migmatite, granite-gneiss and quartzites.
The Basement Complex underlaid about 54% of the country. The Palaeozoic which is a
consolidated sedimentary formation (locally referred to as the Voltaian formation) underlies

the Volta Basin and consist mainly of sandstones, shale, arkose, mudstone, Sandy and pebbly

beds and limestones. It underlies about 45% of Ghana.

The Cenozoic, Mesozoic, and Palaeozoic sedimentary strata (Coastal Provinces) underlie the
remaining 1% of the country. They consist of unconsolidated alluvial sediments, beach sand,
red continental deposit of mainly alternating limonitic sand, sandy clay gravel, marine shale,

limestone and glauconic sandstone (Kortatsi, 2004),

The Basement Complex of Ghana is made up of the Birimian Volcanics and Sediments
systems, which extend from the north through the mid-west to the south-western parts of the
country, These rocks consist of a great thickness of isoclinals folded, metamorphosed
sediments intercalated with metamorphosed tuff and lava. The latter are predominant in the
upper part of the system, whereas the sediments are predominant in the lower part. The entire
sequence is intruded by batholithic masses of granite and gneiss. The granite and gneiss are
not inherently permeable, but secondary permeability and porosity have developed as result of

jointing, shearing, fracturing and weathering.

Where precipitation is high and weathering processes penetrate deeply along fracture systems,
the granite and gneiss commonly have been eroded to low-lying areas. On the other hand,
where the precipitation is relatively low, the granite occurs in massive poorly jointed

inselbergs that rise above the surrounding lowlands. In some areas, weathered granite or

—

gneiss form permeable groundwater reservoirs.

.—-_._-_._'_
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2.4 Aquifer Characteristics

Aquifers  generally have some characteristics or parameters that describe the quantity of
groundwater that they can yield or produce and the rate of contaminant flow. These
characteristics include the aquifer geometry, hydraulic conductivity, transmissivity, storativity
and specific capacity. That is, each of these parameters does influence in one way or the other

the quantity of water that an aquifer yields and the behaviour of contaminant flow.

Transmissivity and hydraulic conductivity describe the general ability of an aquifer to
transmit water, that is, over the entire saturated thickness for transmissivity and over a unit
thickness for hydraulic conductivity, and are among the most important hydrogeologic data
needed for managing groundwater resources. Representative transmissivity and hydraulic
conductivity data are required to ensure that the hydrologic assumptions and interpretations
used in regional water plans are valid (Mace ef al, 1997). Storativity describes the change in
volume of water for a unit change in water level per unit arca whiles specific capacity is the
pumping rate per unit drawdown. Transmissivity, hydraulic conductivity, storativity and
specific capacily data are needed in tasks such as:

e (Quantitative assessment of groundwater,

¢ Numerical modeling of groundwater flow,

s Prediction of well performance,

¢ Ewvaluation of how site-specific test results compare with the variability of the regional

aquifer, and

Assessing the transport of solutes and contaminants.
It is important therefore te—tmve a transmissivity, hydraulic conductivity, storativity and
specific capacity database that are readily available for developing local and regional water

_.—-'-_._._

plans and to predict future groundwater availability.
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2.4.1 Methods of Estimating Aquifer Characteristics or Parameters

Accurate estimation of aquifer parameters such as transmissivity, hydraulic conductivity,
storativity and specific capacity are as have already been indicated considered to be Very
crucial for successful groundwater development and management practices. Hydrogeologists
have used many methods of estimating these aquifer parameters over the years, the most
common of which is the pumping test in the field where a well is pumped and the effect of
this pumping on the piezometric head in the vicinity is measured as drawdown. Other

methods include the use of different empirical formulae.

2.4.1.1 Estimation of Hydraulic Conductivity based on Grain-size Analysis

Grain-size distribution analysis has been of interest to geologists since its introduction by
Krumbein (1934). Such analysis is useful in distinguishing between different depositional
environments. Since hydraulic conductivity is the measure of the ease with which fluid flows
through porous material, certain relationships are expected to exist between hydraulic
conductivity and statistical parameters that describe the grain-size distribution of depositional
medium. Hydrogeologists have been concerned with determination of such relationships since

the work by Hazen (1893).

Many different techniques have been proposed to determine its value, including field methods
like pumping test of wells, laboratory methods and caleulations from empirical formulae
(Todd and Mays, 2005). However, accurate estimation of hvdraulic conductivity in the [ield
environment by the field methods is limited by the lack of precise knowledge of aquifer

geometry and-hydraulic boundaries (Uma ef al. 1989). The cost of field operations and

associated wells constructions can be prohibitive as well. Laboratory tests on the other hands,
___presents formidable problems in the sense of obtaining representative samples and, very often,

long testing times. Alternatively, methods of estimating hydraulic conductivity from empirical

s s s o . e il e o it
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formulae based on grain-size distribution characteristics have been developed and used to
overcame these problems (Odong, 2007). Grain- size methods are comparably less expensive
and do not depend on the geometry and hydraulic boundaries of the aquifer. Most
importantly, since information about the textural properties of soils or rock is more easily
oblained, a polential alternative for estimating hydraulic conductivity of soils is from grain-
size distribution. Although in hydromechanics, it would be more useful to characterise the
diameters of pores rather than those of the grains, the pore size distribution is very difficult to
determine, so that approximation of hydraulic properties are mostly based on the easy-to-

measure grain size distribution as a substitute (Cirpka, 2003).

2.4.1.2 Estimation of aquifer parameters using surficial geophysical methods

Geophysicists have realised that the integration of aquifer parameters calculated from the
existed boreholes locations and surface resistivity parameters extracted from surface
resistivity measurements can be highly effective. since a correlation between hydraulic and
electrical aquifer properties can be possible, as both properties are related to the pore space

structure and heterogeneity (De Lima et al., 2005; Niwas et af., 2006).

Resistivity techniques are well-established and widely used to solve a variety of geotechnical,
geological and environmental subsurface detection problems (Ward, 1990), The primary
purpose of the resistivity method is to measure the potential differences on the surface due to
the current flow within the ground. Since the mechanisms which control the fluid flow and
electric current and conduction are generally governed by the same physical parameters and
lithological attributes, the hydraulic and electric conductivities are dependent on each other.
Although there are mher‘mﬂich govern the current flow and conduction into the soil

__(lithelogy, size, shape, mineralogy, packing and orientation of grains, shape and geometry of

pores and pore channels, magnitudes of porosity, and permeability, compaction, consolidation
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and cementation and depth and water distribution) (Salem, 1999) are extremely variable. That
is, the measured resistivity values are not absolute but relative. and therefore only relative
conclusions about the area’s hydraulic parameters can be made, and for this reason surface
geophysical methods have been used for aquifer zone delineation and evaluation of the

geophysical character of the aquifer zone in several locations in the world (Dhakate and

Singh, 2005; Khalil, 2006)

2.5 Importance of Groundwater

Groundwatcr has been exploited by mankind since the beginning of time and it is estimated
that around 700 billion m’ are drawn out of the earth’s aquifers each vear. This makes
groundwater by weight, the primary mineral raw material extracted from the earth, (Jean-
Claude, 1995). Groundwater has many advantages over surface water:

e Quantitatively, the storage and inertia capacity of homogeneous aquifers, their very
steady regime, allows them to act as buffers between very irregular rainfall and regular
discharge through springs - therefore compensating for climatic variations and more or
less ensuring water supply during periods of drought.

¢ Qualitatively, because of the presence of protective surficial geological formations,
their depth, the filtering capacity of most of their reservoirs and the clogging of river
banks, aquifer groundwater is generally better protected than surface water from
massive pollution. The physico-chemical quality and the temperature of groundwater
are relatively constant and in some cases it can be consumed without even
bacteriological treatment.

. E;:_g:_{;ﬁrﬁically, in countries-having many aquifers, water is easily attainable, does not

require long pipelines and thus involves lower pumping, treatment and energy costs.

e ———————
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2.5.1 Groundwater use in Ghana

Groundwater use in Ghana can be traced back to the 19" centurv and during this period,
communities relied on simple unlined hand dug wells at the initiative of the individuals or the
communities. It has been recorded that the colonial administration under the supervision of
the Rural Water Division, undertook a nation-wide hand dug well programme in the period of
1920 to 1945. Borehole drilling then began in the 1940s to provide water for larger
communities. Since then, large numbers of both shallow and deep boreholes have been drilled

by national and international non-governmental organisations.

Groundwater continues to be the most viable option for rural and small towns® water supply
schemes and presently in Ghana, about 45% drinking water is from groundwater sources, and
currently for dry season irrigation farming. Gyau-Boakye and Dapaah-Siakwan (1999)
indicates that, groundwater is not only feasible but also the most economic source of potable

drinking water due to the dispersed nature of the rural settlements.

2.6  Hydrogeological setting or framework of the White Volta Basin

The White Volta Basin is composed of about 45% crystalline rocks comprising the Birimian
system and its associated Granitic Intrusives and isolated patches of Tarkwaian formations.
The remaining 55% of the White Volta Basin is composed of Voltaian Systems consisting of

the Upper Voltaian Sandstone, Obosum and Oti beds and Basal sandstone.

2.6.1 Crystalline Basement Complex Aquifers
Crystalline rocks are essentially impermeable and virtually have no primary porosity. Aquifer

development is dependent on the formation of secondary porosity as a result of fissuring or

= _F'_._,_,..—o——"'-_'_
weathering. Consequently most of the groundwater resources within the Northern and the

—Noith Eastern part of the White Volta Basin are obtained from the Crystalline Basement

Complex, principally in the upper weathered rock or within faults and fractures in certain rock

@
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types. The weathering is brought about as a result of water circulating through joints,
fractures and quart veins which were earlicr developed in these rocks. According to Konatsi
(1997) there are two types of major aquifers in the White Volta basin. These are the
weathered zone aquifers and the fissured zone aquifers. These aquifers are either phreatic
semi-confined or confined depending on the clay and mica content of the upper weathered
layer. The weathered zone aquifers develop in:

¢ A highly weathered zone where only quartz remains intact.

* A moderately weathered zone in which the less resistant minerals are partly

decomposed.
e A thin zone of only slightly decomposed rock.
¢ The rock underlying zone of more or less fresh rock which is usually broken or
fractured.

Well development in the second zone is usually successful but of poor yield due to low
permeability resulting from the presence of altered products notably clay and mica. Wells
developed into the third zone are relatively high yielding especially where quartz veins are
present. Aquifers are highly variable in both configuration and depth. Groundwater also
oceurs in the alluvial deposits along stream and river channels within the valley and in buried
river channels. These alluvial sediments usually consist of sandy loams and medium grained
quartz sands which have abundant pamsity. J;nd permeability. The alluvial cover is generally
small in many areas and it varies in thickness from about 1m o approximately 6m, (Kortatsi,

1997).

2.6.2 TheVoltaian Rocks—
Many of the sedimentary rocks of the Voltaian Basin have undergone a slight degree of

L UPRicr
metamorphism and are well compacted and consolidated. Groundwater occurrence is
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therefore structurally and textually controlled. That is groundwater occurrence is closely
associated with the existence of faults, joints, fractures bedding planes and weathered zones as
well as the grain sizes of the beds. The Upper Voltaian consisting of sandstones, quartzitic
and fieldspartic sandstones are fairly hard and well consolidated and therefore inherently
impermeable. It is however characterised by well developed and extensive open joints,
permeable bedding planes and faults particularly very close to the Birimian contact (Kortatsi,
1997). These fissure zones give rise to deeper groundwater circulation and thus the

occurrence of relatively high vielding aguifers.

The occurrence of groundwater in the basal sandstone of the Lower Voltaian as in the case of
other divisions of the Voltaian formation is primarily controlled by the development of
secondary porosities in the form of fractures, faults, joints permeable bedding planes ete. This
is due to the fact that the primary poresity has been destroyed due to compaction,
consolidation and cementation. Groundwater also occurs in cerlain areas when there is an
increase in deposited sand or a significant thickness of soil cover or weathered zone has
developed. Generally, the unconselidated sediments of the soil and the weathered zones have
abundant porosity for groundwater storage and greater permeability for deep groundwater

circulation.

2.6.3 Groundwater flow system
The discontinuous nature of permeable zones (weathered and fissured network) in the White
Volta Basin makes regional groundwater movement largely non existent, local groundwater

flow thus predominates. However, around the fringes of the Gambaga highlands stretching

across to the fringes of Konkori highlands the Upper Sandstone have produced a network of
__permeable saturated weathered and fissured zones which could give rise to intermediate

groundwater movement system (Kortatsi, 1997). Generally however the groundwater flow
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distribution coincides with the surface water flow distribution. That is. movement is generally

from higher grounds (highlands) towards valleys and stream channels.

2.7 Shallow Groundwater Irrigation (SGI) in Atankwidi sub-basin

Tomato is the most important cultivated crop in the sub-basin under SGI. The main reason is
that, the cultivation of tomato gives the highest guarantee for a stable income. because market
conditions in the area are based on tomato. Furthermore, farmers do not like to experiment
with other crops such as pepper since pepper is too labour intensive compared to yield (Van
den Berg, 2008). The applications of shallow groundwater irrigation in the sub-basin are in
many independent small arcas along the river of approximately 1 to 20 hectares. An area
where land is irrigated in general starts with a group of farmers who live close to that

particular area and where, through experience enough water is found for dry season farming.

2.7.1 Shallow Hand dug Wells

The locations of the wells in the sub-basin are determined with trial-and-error method, so
experience with water availability of previous years is important. Farmers also take into
account the elevation of the area and moist of the soil at the start of the season. The number of
wells is mainly determined by water availability, but also nearness to the crops is an important

reason.

The digging of wells by farmers start from late September to late October with farmers with
fields close to the river waiting till the river stops flowing in October. Farmers further away
start digging earlier. According to Van den Berg (2008) wells are filled back with soil at the

end of the dry seasen and reopened in the next season for three main reasons:

e animals could fall in,

_._-_._._._- -
s+ the rainy season erodes the area close to the well, which causes the well to be less

stable the next dry season, and
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» the mud heaps take a lot of space which can be used for cultivating crops in the rainy
season.

The diameter of the wells varies from 60-90 cm with depth ranging from 3m to 15m. Most

farmers have their own materials such as bucket. axe, hoe and bowl which they use to dig

with few farmers having to borrow probably due to lack of funds. Van den Berg (2008)

indicates that wells run dry as the season proceeds due to abstraction from wells for irrigation.

Most of the farmers deepen their wells | to 3 times during the season for approximately 0.3-

0.5 m per time.

2.8  Groundwater Quality

Groundwater quality can be defined as the physical, chemical and biological state of
groundwater. Temperature, turbidity, colour, odour, and taste make up the list of physical
parameters. Naturally, groundwater contains ions. These ions slowly dissolve from minerals
in the soils, rocks, and sediments as the water travels along its flow path. Some small portion
of the total dissolved solids may have originated from the precipitation water or river water
that recharges the aquiler. The ions most commonly found in groundwater guality analysis
include: Na™, Ca®’, Mg*" HCO5, CI', 804", Minor ions include NOy", NO;, F ; CO;y K,
Mn®', Mn®' and Fe?'. The concentration of these ions gives groundwater their hydrochemical

characteristic, and often reflects the geological origin and groundwater Now regime. For the

purpose of this study, the attention was on the physico-chemical parameters of groundwater,

2.8.1 Factors Affecting Groundwater Quality

An understanding of the factors that affect groundwater quality can help in decisions making
on well déﬁ_ﬁ-and the hémaity for a particular application. The major factors that
__direetly or indirectly afTect groundwater quality include:

e Climatic variations (rainfall, evaporation etc.),

e & 29 LIERERY MSc. Thesis 2010
NWAME N “Man UM FRSITY @D
SCIERCE oND TECHboL OBY

EUmMas -GHANA



Hydrogeological and Hydrochemical Framework of Groundwater for Irrigation in the Atankwidi
sub-basin of the White Volta Basin

* Permeability and chemical make up of the sediments through which groundwater

moves,

¢ Depth of groundwater from surface,

2.9  Irrigation Water Quality

Besides affecting crop yield and soil physical conditions, irrigation water quality can affect
fertility needs, irrigation system performance and how the water can be applied. Therefore,
knowledge of irrigation water quality is critical to understanding what management changes

are necessary for long-term productivity.

2.9.1 Assessment of Irrigation Water Quality
In irrigation water quality evaluation, emphasis is placed on the chemical and physical
characteristics of the water and only rarely is any other factors considered important. The
quality of irrigation water is assessed based on the following criteria:

« Salinity (total amount of dissolved salts in water),

* Sodium hazard (the amount of sodium in the water compared 1o calcium plus

magnesium),

« Magnesium hazard (MH).

These criteria in relation to irrigation water quality and their acceptable limits are discussed

below.

Salinity Hazard

Salinity hazard is a measure of the TDS expressed in the unit of electrical conductance and is

the most influential wateEj_u_:ﬂi_li_gu[delint on crop productivity. High concentration of

salinity (electrical conductivity) in irrigation water affect crop yield through the inability of
mam to compete with ions in the soil solution for water (osmotic effect or physiological

drought). The higher the electrical conductivity (ECy), the less water is available to plants,
#
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even though the soil may appear wet. This is because plants can only transpire "pure” water,
usable plant water in the soil solution therefore decreases dramatically as EC,, increases.

Table 2.1 shows suggested criteria for irrigation water use based upon electrical conductivity.

Table 2.1: Criteria for Irrigation water use based on electrical
conductivity (Bauder er al, 2007)

Classes of Water Electrical Conductivity (dS/m)
Class 1: Excellent <0.25
Class 2: Good 0.25 -0.75
Class 3: Permissible’ 0.76 - 2.00
Class 4: Doubtful® 2.01 -3.00
Class 5: Unsuitable’ =3.00

: Leaching needed if used.
“ Good drainage needed and sensitive plants will have
difficulty obtaining stands.

Sodium Hazard
Sodium hazard is defined separately because of sodium's specific detrimenal effects on soil
physical properties. According 1o Karanth (1994), excessive Na' content of irrigation water
renders it unsuitable for soils containing exchangeable Ca®* and Mg®" ions as the soil take up
Na' in exchange for Ca®" and Mg"" causing deflocculation (dispersion) and impairment of the
tith and permeability of soils. The sodium hazard is typically expressed as the sodium
adsorption ratio (SAR) which is defined as;

SAR = Na [0.5(Ca + Mg}]'ﬂ's. where chemical constituents are expressed in meg/|
This index qu_gmiﬁes the proportion of sodium (Na’") to calcium (Ca*") and magnesium
lMg:+} jonsina saﬁplc. Gm;iﬁﬂatinns of irrigation water based upon SAR values

__according to Bauder et al, (2007) are presented in Table 2.2
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Table 2.2: Classification of irrigation water based on SAR values (Bauder et al, 2007)

SAR Sodium hazard to Comments

Values water

1-9 Low Use on sodium sensitive crops must be cautioned
10-17 Medium Amendments (such as gypsum) and leaching needed
18 —-25 High Generally unsuitable for continuous use.

=26 Very lligh Generally unsuitable for use.

Magnesium Harard (MH)

Magnesium is believed to be injurious to plants, Nonetheless, the harmful effect is greatly
reduced by the presence of caleium. The MH is defined as 100Mg (Ca + Mg)"' with the
chemical constituents expressed as meg/l, According to Szabolcs and Darab (1964), MH=>50

in irrigation water is considered to be deleterious to most crops.

2.10 Domestic Water Quality

Water is said to have good chemical quality for domestic use if it is soft. low in total dissolved
solids (TDS) and free from poisonous chemical constituents (Karanth, 1994), Evidence
relating chronic human health effects to specific drinking water contaminants is very limited
and in the absence of exact scientific information, scientists predict the likely adverse effects
of chemicals in drinking water using laboratory animal studies and when available, human

data from clinical reports and epidemiological studies.

Many organisations such as World Health Organisation (WHO), ‘have established standards

(guideline values) for many chemical constituents of drinking-water, A guideline value
il

normally represents the concentration of a constituent that does not result in any significant
—Fisk to health over a lifetime of consumption (WHO, 2004). A number of provisional

guideline values has been established at concentrations that are reasonably achievable through
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practical treatment approaches or in analytical laboratories: in these cases, the guideline value
is above the concentration that would normally represent the calelated health-based value.

Guideline values are also designated as provisional when there is a high degree of uncertainty

in the toxicology and health data,

2.10.1 Physico-Chemical Parameters of Domestic Water
Physico-chemical parameters of water arc the parameters that describe the physical and
chemical states of water. These parameters can cause health problems beyond certain

concentration levels. Some of these physico-chemical parameters have been discussed below.

Total Dissolved Solids (TDS)

TDS comprise inorganic salts (principally caleium, magnesium. potassium, sodium,
bicarbonates, chlorides and sulfates) and small amounts of organic matter that are dissolved in
water. Concentrations of TDS In water vary considerably in different geological regions
owing to differences in the solubilities of minerals. The palatability of water with-a TDS level
of less than 600 mg/l is generally considered to be good: drinking-water becomes significantly
and increasingly unpalatable at TDS levels greater than about 1000 mg/l (WHO, 2004). The
presence of high levels of TDS may also be objectionable to consumers. No health-based

guideline value for TDS has been proposed.

Turbidity

Turbidity in drinking-water is caused by particulate maiter that may be present from source

water as a consequence of inadequate filtration or from resuspension of sediments. It may also

be due to the presence of inorganic particulate matter in some groundwaters or sloughing of

biofilm within the distribution system. The appearance of water with a turbidity of less than 5
—NTFEHs usually acceptable to consumers, although this may vary with local circumstances. No

health-based guideline value for turbidity has been propused; ideally. however, median
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turbidity should be below 0.1 NTU for effective disinfection, and changes in turbidity arc an

important process control parameter (WHO, 2004).

Temperature

Cool water is generally more palatable than warm water, and temperature will impact on the
acceplability of' a number of other inorganic constituents and chemical contaminants that may

affect taste. High water temperature enhances the growth of microorpanisms and may increase

taste, odour, colour and corrosion problems.

Total Hardness

Hardness in water is caused by dissolved calcium and, to a lesser extent, magnesium. It is
usually expressed as the equivalent quantity of calcium carbonate. Hardness caused by
calcium and magnesium is usually indicated by precipitation of soap scum and the need for
excess use of soap to achieve cleaning. Depending on pH and alkalinity, hardness above about
200 mg/l can result in scale deposition, particularly on heating. Todd (1980) classifies

groundwater samples based on total hardness as shown in Table 2.3,

Table 2.3: Classification of groundwater samples based on
total hardness (Todd, 1980)

Hardness (mg/l CaCO;) range | Water classification
0=75 Soft
75 - 150 Moderately hard
150 — 300 Hard
=300 Very hard
i e
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pH

It is the measure of acidity or alkalinity of a solution. The pH scale runs from 0 to 14 (very
acidic to very alkaline) with 7 as neutral condition. Dissolved chemical compounds and the
biochemical processes in the water usually control the pH. In most unpolluted water, pH is
primarily controlled by the balance between free CO,, CO; and HCO: ions as well as natural
compounds such as humic and fulvic acids. Although pll usually has no direct impact on

consumers, it is one of the most important operational water quality parameters, the optimum

pH required often being in the range 6.5-9.5.

Fluoride

Fluoride in water derives mainly from dissolution of natural minerals in the rocks and soils
through which it passes. Macdonald et af (2005) indicates that, the most common fluorine-
bearing minerals are fluorite, apatite and micas, and fluoride problems tend to occur where
these elements are most abundant in the host rocks. Groundwaters from crystalline rocks,
especially granites arc particularly susceptible to fluoride build-up because they often contain
abundant fluoride-bearing minerals. Fluoride is essential for healthy living and hence fluoride
causes health concerns when concentrations in drinking-water are too low or high. [t has been
found to have a significant mitigating effect against dental caries and is widely accepted that
some fluoride presence in drinking-water is important. Optimal concentrations are usually
around 1 mg/l. The chronic ingestion of fluoride concentrations much grater than the WHO

(2004) guideline value of 1.5 mg/1 however is linked with development of dental fluorosis.

Chloride (Cl )

Chloride in-drinking-wateroriginates from natural sources, sewage and industrial effluents,
urban runoff containing de-icing salt and saline intrusion. Excessive chloride concentrations

_-—'_--_.'_.

increase rates of corrosion of metals in the distribution system, depending on the alkalinity of
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the water. This can lead to increased concentrations of metals in the supply. No health-based
guideline value is proposed for chloride in drinking-water. However, chloride concentrations

in excess of about 250 mg/| can give rise to detectable taste in water (WHO, 2004)

Nitrate (NO;)

Nitrate (NOs) is found naturally in the environment and is an important plant nutrient. It is
present at varying concentrations in all plants and is a part of the ni.trogen cycle, Nitrate can
reach both surface water and groundwater as a consequence of agricultural activity (including
excess application of inorganic nitrogenous fertilisers and manures), from wastewater disposal
and from oxidation of nitrogenous waste products in human and animal excreta, in¢luding
septic tanks. Some groundwaters may also have nitrate contamination as a consequence of
leaching from natural vegetation. The WHO (2004) guideline values for both nitrate and

nitrite are 50 mg/l and 3 mg/l respectively.

Sodium (Na)

Sodium concentration in potable water are typically less than 20 mg/|, they can greatly exceed
this in some countries. It should be noted that some water softeners can add significantly to
the sodium content of drinking-water. No firm conclusions can be drawn concerning the
possible association between sodium in drinking-water and the occurrence of hypertension,
Therefore, no health based guideline value is proposed. However, concentrations in excess of

200 mg/l may give rise to unacceptable taste (WHO, 2004).

Sulphate (SOy)

Sulphates occurnaturally in numerous minerals and are used commercially, principally in the

— e . )
chemical industry, The highest levels usually oceur in groundwater and are from natural

—serces. In general, the average daily intake of sulphate from drinking-water, air and food is

approximately 500 mg, food being the major source.

Samuel Barnie - 24 MSc, Thesis 2010



Hydrogeological and Hydrochemical Framework of Groundwater for | rrigation in the Atankwidi
sub-basin of the White Volta Basin

No health-based guideline is proposed for sulfate. However, because of the gastrointestinal
effects resulting from ingestion of drinking-water containing high sulphate levels, it is

recommended that health authorities be notified of sources of drinking-water that contain

sulfate concentrations in excess of 500 mg/| (WHO, 2004).

Magnesium (Mg)

Magnesium ranks eighth among the elements in order of abundance and is a common
constituent of natural water. Important contributor to the hardness of water, Mg salts break
down when heated, forming scale in boilers. Coneentrations greater than 125 mg/l also can
have a cathartic and diuretic effect. The magnesium concentration may vary from 0 — 100
mg/l depending on the source of treatment of the water, Chemical softening, reverse osmosis,

electrodialysis, or ion exchange reduces the magnesium and associated hardness to acceptable

levels (Standard Methods, 1992).

Iron (Fe)

Iron is one of the most abundant metals in the Earth’s crust, It is found in natural fresh waters
at levels ranging from 0.5 - 50 mg/l. lIron is an essential element in human nutrition.
Estimates of the minimum daily requirement for iron depend on age, sex, physiological status
and iron bioavailability and range from about 10 - 50 mgfday (WHO, 2004). Iron stains
laundry and plumbing fixtures at levels above 0.3 mg/l: there is usually no noticeable taste at
iron concentrations below 0.3 mg/l, and concentrations of | — 3 mg/l can be acceptable for

people drinking anaerobic well water.

Caleium (Ca)
The presence of calcium in water results from passage through or over deposits of limestone,
_detomite. gypsum and gypsiferous shales. The calcium content may range from zero 1o

several hundred milligrams per litre. depending on the source and treatment of the water,
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Small concentrations of CaCO3 combat corrosion of metal pipes by laying down a protective
coating. Biologically, calcium prevents the absorption and transfer of toxic ions from the

intestines to the blood. Calcium contributes to dialysis or ion exchange and is used to reduce

associated hardness (Standard Methods, 1992),

Manganese (Mn)

Manganese is one of the most abundant metals in the Earth’s crust, usually occurring with
iron. Manganese greensand is used in some locations for potable water treatment and is an
essential element for humans and other animals and occurs naturally in many food sources.
Manganese is naturally occurring in many surface water and groundwater sources,
particularly in anaerobic or low oxidation conditions, and this is the most important source for

drinking-water. The guideline value for manganese is 0.4 mg/| (WHO, 2004)
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3. DESCRIPTION OF STUDY AREA
3.1 Introduction

This chapter deals with the description of the Atankwidi sub-basin of the White Volta Basin.

The location and size of sub-basin, geology, climate, land use and vegetation, soil type and

groundwater use in relation to the study are also dealt with.

3.2 Location and Size

The Atankwidi sub-basin is located between latitudes 10°49°47 N and 10°55'35 N and
longitudinal 0°55'27 W and 0°59'27 W, a tributary of thé White Volta located in the Upper
East Region of Ghana between Navrongo and Bolgatanga (Kassena Nankana District) with its
upper reach in Burkina Faso as shown in Figure 3.1, The sub-basin is located in one of the
areas with the highest groundwater use per km? in the Volta River basin (Martin 2006). The

sub-basin covers an area of about 275 km’ of the White Volta basin.
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Figure 3.1: Map of the Atankwidi sub-basin
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33  Population Size and Growth Rate

The population of the Kassena Nankana District within which the Atankwidi sub-basin falls is
149.491 (GSS. 2002a). Although population growth in the sub-basin has not kept pace with
the overall development in Ghana, the local population certainly experienced a significant
growth. The population of the UER almost doubled in the last forty years and increased by
approximately 70 % in the Kassena Nankana District. The population density of the area (91
to 104 persons’km’), is well above the national average level of 79 persons/km’. Table 3.1

shows the population size and growth rate of the arca from 1960 - 2000.

Table 3.1: Population size, Growth rate and Population density of Kassena Nankana District

Upper East Kassena Nankana District

Region
Year 7

Population Population As % of Growth Rate Population
Region (%) Density
tpcrsans‘kmxll

1960 468,638 93,397 19.9 P 37.2
1970 542,858 99,006 18.2 5.1 60.3
1984 772,774 149,680 19.4 2.5 91.2
2000 920,089 149,491 16.2 -0.01 91.0

Data Source: (GSS, 1989: 2002a)

34 Land use and vegetation

Open tree-savanna forms the natural vegetation in the Upper East Region. Trees show a large

spacing and the area is largely covered with grass and shrubs. The most common economic

trees are the sheanut, dawadawa, boabab and acacia. Common grasses include Andropogen

gayyanus i.-._ ti'ie less eroded M— Hyperrhenia spp., Aristida spp. and Heteropogen spp

in the severely eroded arcas. Most of the area is used for small-scale agriculture, During the
“Tainy season, almost 70 % of the arca is covered with small plots of rainfed agriculture

(Martin, 2006). Other parts of the area are used for livestock grazing and drinking. In the dry
—————————————————————— e
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season, the amount of agriculture is substantially lower, approximately | % of the area
(Unofficial report, GVP, 2007). The other parts of agricultural land remain as bare soil until
the next rainy season starts. Land not used for agriculture is cither sparse vegetation on

shallow soils in stony areas or land used for the grazing of livestock, which is covered by

grass, shrubs and trees.

3.5 Climate
The study area falls within the Sudan-Savanna climate zone, which is characterised by high
temperatures and a uni-modal rainfall distribution with a distinct rainy season lasting

approximately from May to September. The mean annual rainfall in Navrongo is

approximately 980mm.

The spatio-temporal distributions of precipitation and evaporation have a large impact on the
water regime including the groundwater variability. In the rainy season daily rainfall may
exceed 50 mm, this falls in less than one hour. Monthly rainfall only exceeds potential
evaporation in the three wettest months, July, August and September. The total potential
evaporation is 2050 mm, which is twice the annual rainfall. The average annual temperature is
29 °C., The mean daily minimum temperature is 25 °C, coinciding with the peak of the rainy

season, and rises 1o a maximum of 34 °C in April.

Relative humidity is highest during the rainy season with 65 %. It drops quickly after the end
of the rainy season in October, reaching a low of less than 10 % during the harmattan period

in December and January (Martin, 2006). Monthly rainfall only exceeds potential

wapotranspiﬂ_iﬁ;niﬁ the ﬂlrf__e_}_’h’_ﬂlﬂﬂrﬂ‘ﬂnths July, August and September.
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3.6 Relief and Drainage

The relief of the sub-basin is generally flat, gently undulating with slopes ranging from | to
5% except in a few uplands where slopes are about 10%, According to Adu (1969), the relief
of the UER is related to the geology, where a range of Birimian greenstone hills rising up to
457m above sea level dominate north of Bawku and Zebilla along the border with Burkina
Faso and in the southwest along the White Volta River (WVR). The granite areas are
generally of low, gently rolling relief ranging from 122 m to 260 m above sea level. The relief
under Voltain rocks has similar characteristics to granites, with few escarpments rising above
518 m near the border with Togo in the cast. The mean elevation for the area is 197 m above

sea level (Liebe, 2002).

3.7  Soeil characteristics

The Soil Research Institute (SR1) distinguishes three soil types (Environmental Protection
Agency / World Bank, 1999). Leptosols are predominant along the elevated northern and
eastern border of the sub-basin. Fluvisols are found in the flat terrain to the sides of the main
stream. The remaining area is covered by Lixisols. Lixisols consists of sandy loam to sandy
clay loam with high clay contents in the upper part of the profile and have an increasingly
coarse texture with depth, (Martin, 2006). Precipitation of iron oxides inside soil aggregates.
sometimes to the extent of forming pisolithes, and bleaching of aggregate surfaces are often
encountered as evidence of water logging and alternating oxidizing and reducing conditions in
the upper part of the soil profile. In the elevated area around Zoko, the soils have a texture of
loamy sand to sandy loam and arc rather shallow so that moderately weathered granite is
Encﬂuntfzre_ﬂ: f_tflgss than 2 ’n‘ﬁgﬁh_{_Lepmsnis]. In the low lying areas of little slope to the

sides of the lower reach of the Atankwidi river, soil profiles down to hand auger depth consist

m;;acted clay loam and can be classified as Fluvisols (Martin, 2006).

Somuel Barnie 30 MSc, Thesis 2010



Hydrogeological and Hydrochemical Framework of Groundwater for Irrigation in the Atankwidi
sub-basin of the White Volta Basin

3.8 Geological Setting

Three formations of the Birimian domain can be distinguished in the study area (Figure 3.2)
from the geological map 1:125,000, sheets Navrongo (Van den Berg et al, 1963) and
Zuarungo (Murray and Mitchell, 1960). These are: Birimian metasediments: Granitoids
(granodiorites, granite and gneiss) associated with the Birimian: Intrusive Bongo granite.

Paleoproterozoic granitoids consisting of hornblende - biotite granodiorite, biotite granite and
biotite gneiss make up the largest part of the study area and form the slightly undulating
south-western part of the Atankwidi sub-basin. Birimian metasediments made up of phyllite,

schist and quartzite are found in small patches among the granitoids.
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Figure 3.2: Geological and drainage map of the study area.
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4. RESEARCH METHODOLOGY AND DATA COLLECTION

4.1 Introduction

The research methodology and data collection techniques adapted for the study are dealt with

in this chapter. These include desk studies, sources of secondary data, soil and water sampling

techniques, methods of laboratory and data analyses.

4.2  Desk Study

Relevant reports on the current status and extent of shallow groundwater irrigation in the sub-
basin were collected from the Water Research [nstitute; Accra and the White Volta Basin
Office in Bolgatanga. The background information of the study area was also obtained from
the Kassena Nankana District Assembly. All the information obtained from the mentioned

agencies was then reviewed.

4.3 Sources of Data
Data (secondary) relevant to the study were obtained from various agencies and departments.

Table 4.1 shows the types of data collected from respective agencics and departments.

Table4.1: Types and sources of secondary data

Type of Data Source of Data

Hydrogeological and Geophysical | Water Research Institute (WRI), Accra
exploration data

Meteorological data Ghana Meteorological Agency (GMA), Accra
Geological maps Geological Survey Department, Accra
Topographical maps Survey Department, Accra

Population ‘and Housing Census, 2000 | Ghana Statistical Service (GSS), Accra

6 —=i

#
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4.4 Field Work

The field work for this study was conducted to first find out how the wells were dispersed in
the sub-basin. As such, specific locations of wells were then taken with the help of GPS. The
survey was also to ascertain the current status and extent of SGI and groundwater use
generally in the area to aid data collection. Visits were therefore made to areas like Sirigu,
Atankwire, Simburugu, Kaase and Akamo where farmers usually dig more shallow wells for

dry season irrigation.

4.5  Determination of Aquifer geometry

Surface geophysical methods were used to delineate the aguifer system in the sub-basin.
Geophysical exploration data of 390 locations in the area were obtained from the
Groundwater section of the Water Research Institute of Ghana, Accra. The locations of the
VES were planned so as to survey the whole sub-basin as shown in the map in Figure 4.1. The
resistivity measurements from the data were processed and analysed to determine the aguifer
configuration which included depths to water table and bedrock. The saturated/weathered
thickness of aquifer in the area was then determined from the difference between the depth to

the bedrock and the depth to water table.

#
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Figure 4.1: Map of VES locations in the study area

4.6 Sampling and Laboratory Analytical Technigues
Soil and groundwater samples were collected from various locations from the sub-basin. The

technigues used in the sampling process and laboratory analysis are discussed below,

4.6.1 Soil sampling

Soil samples were collected from 20 dug outs with depths in the range of Im — 4m in

=7 " ¥ _,_"'."-.-._'_--_-_'_ . -
September when digging of wells had started. These disturbed soil samples were taken from
_wels-at different locations of about 4km intervals as shown in the map in Figure 4.2, The

caordinates of the respective locations where samples were collected were taken with the
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GPS. The samples collected as such were of different texture.
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Figure 4.2: Map of soil sampling locations

Each of the samples which weighed about Ikg was kept in small polyethylene bags and
labeled. They were then transported to the Geotechnical Engineering Laboratory of the Civil

Engineering Department, KNUST where the samples were analysed.

The samples were tested in the laboratory for grain size distribution according to the standard
procedures of British Standards Institution Methods of Test for Soils for Civil Engineering
_Purposes (BS1377). The samples were tested by the method of dry sieve analysis using a

series of sorted BS sieves. Hydrometer lests were also performed on the very fine particles of
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the soil samples. To further analyse the distribution of the particles, the test results were then

plotted on a semi-logarithmic graph to obtain the grain-size distribution curves for each

sample.

4.6.1.1 Some established empirical formulae

Hydraulic conductivity (K) can be estimated by particle size analysis of the sediment of
interest, using empirical equations relating either K to some size property of the sediment.
Vukovic and Soro (1992) summarised several empirical methods from former studies and

presented a general formula:

K = %C.f{n}.dﬁ 4.1

Where K= hydraulic conductivity, g = acceleration due to gravity, v = kinematic viscosity,
(' = sorting coefficient, f{n) = porosity function, and o, = effective grain diameter,

The kinematic viscosity (v) is related ta dynamic viscosity () and the fluid (water) density

(p) as follows:

v=-= 4.2

p
The values of C, fin) and de are dependent on the different methods used in the grain-size
analysis. According to Vukovie and Soro (1992), porosity (n) may be derived from the

empirical relationship with the coefficient of grain uniformity (L} as follows:

n = 0.255(1 + 0.83") 43

where [/ is the coefficient of grain uniformity and is given by:

sl | o il 44

mﬂand d,, in the formula represent the grain diameter in (mm) for which, 60% and 10%

of the sample respectively, are finer than.
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Former studies have presented the following formulae which take the general form presented

in equation (4.1) above but with varying C, fin) and de values and their domains of

applicability.

Hazen: K =2x 6% 107*[1+ 10(n — 0.26)]d3, 4.5

Hazen formula was originally developed for determination of hydraulic conductivity of
uniformly graded sand but is also useful for fine sand o grave! range, provided the sediment

has a uniformity coefficient less than 5 and effective grain size between 0. lmm and 3mm,

Kozeny-Carman: K = % X B83x% 1073 [{::}ZJ di, 4.6

The Kozeny-Carman equation is one of the most widely accepted and used derivations of
permeability as a function of the characteristics of the soil medium, This equation was
originally proposed by Kozeny (1927) and was then modified by Carman (1937, 1956) to
become the Kozeny-Carman equation .It is not appropriate for either soil with effective size

above 3mm or for clavey soils (Carrier 2003 ).

Alyamani and Sen: K=1300[/s + 0.025(dso - d10)]* 4.7
where, K = hydraulic conductivity (m/day), I, = intercept (mm) of line formed by d,and d,,
with the grain-size axis, d,,= effective grain diameter (mm), and d;, = median grain diameter

{mm).

It should be noted that the terms in the formula above bear the stated units for consistency.
This formula therefore, is exceptionally different from those that take the general form of
equation 4.1-above. It is however, one of the well known equations that also depend on grain-

size analysis. The method considers both sediment grain sizes d;, and d, as well as the sorting
e B
characteristics.
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4.6.1.2 Determination of Hydraulic Conductivity (K)

The main purpose of the grain-size distribution curves was to determine the hydraulic
conductivity of the soil samples, The Alyamani and Sen (1993) empirical formula for
determining hydraulic conductivity was used. The main reason was that, the limitations of the
other discussed empirical formulae did not permit its use with respect to the samples
considered in this study. Also, as compared to the other empirical formulae, the Alyamani and
Sen ( l??ﬂ} formula uses the combined effects of effective grain-size diameters. average grain-
size diameters, sorting characteristics, initial slope and the intercept of grain-size distribution

curves, whiles the others often use only the effective and the average grain-size diameters.

For the establishment of K, the percentiles corresponding to increments of 5% starting from
5% was computed from the grading analysis. The result is a sequence of grain-size readings
as ds, dyg, dis...... dyp, dys. These readings were plotted against corresponding percentiles on
an ordinary sheet as shown in Appendix 4. The inspection of these plots indicated that the
initial portions invariably appeared as a straight line. A straight line was therefore drawn
through these points as shown in Appendix 4 from which both the intercept of the line (f,) and
the corresponding grain-size values for which 50% (ds) and 10% (dip) are finer than were

determined for each sample.

Limitations of Alyamani and Sen Formula

The formula like any other empirical formula has some limitations which are as follows;
e It is very sensitive to the shape of the grading curve.

» More accurate for well-graded soil samples.

» In general, estimatmlic conductivity in terms of grading characteristics can
____relatively lead to underestimation or overestimation unless the appropriate method is
used (Odong, 2007).
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4.6.1.3 Determination of Transmissivity

The transmissivity of the aquifer system in the area were determined from the estimated

hydraulic conductivities and the saturated thicknesses as shown in the relation:

T=K=xb 4.8
where, T'is the transmissivity (m’/day), K is the hydraulic conductivity (m/day) and b is the
saturated aquifer thickness (m). The saturated thicknesses of the aquifer system were obtained

from the already determined aquifer geometry (difference between depth 1o bedrock and

depth to water table).

4.6.2 Water sampling

Groundwater samples were collected from 40 wells in March 2009 for major and minor ions
analyses. Sampling protocols according to Wood (1981), Claasen (1982), and Barcelona et al
(1985) were followed. The map of groundwater sampling points is shown in Figure 4.3, Water
samples according to standards were collected after pumping the well for about 5 minutes in

order to purge the well of stagnant water. The purging was done to stabilized temperature, pH

and electrical conductivity readings.

For metal analysis, samples were filtered through 0.45um filters and preserved with Sml 6 N
HNO; in laboratory treated 100ml high density linear polyethylene bottles. However, samples
for anion analyses were without preservation. The Universal Conductivity Meter Multiline P4
set that had an in-built temperature compensation probe was used to measure elecirical
conductivity and temperature simultancously. For the determination of total alkalinity (as
HCOy), field Tiration with 1.6 N H;SO, to pH ~4.5 using HACH Digital Multi Sampler

Model 1690 was done.

_—-'-_'_.-._

Samuel Barnie 39 MSc. Thesis 2010



Hydrogeological and Hydrochemical Frameworik of Groundwater for Irrigation in the Atankwidi
sub-basin of the White Volta Basin

&l

<& 39'." ' i, ]r

— 'l _ i

TUrmsn
L
“3:2
L]

[ ]

e | e O
X I"‘%..,..,..,i
-

=
o
¢

I

" el
Vet - (‘“-.
N .: N

i

FNIINT
i
T

T = — 1 T
=0 O 5 55 T

Legend

Waler samaiing poirds

i L]

o PU0 TR00 1400 3400 7208 — AW Avar

r _'H_ Catchmen! Baundary

Figure 4.3: Map of Groundwalter sampling locations

Chemical analyses for all major ions (Na', Ca®, Mg®, HCO5, CI' S0,%) as well as some
minor ions (K', NOs, F, F’Uf'j were carried out with the Dionex DX-120 ion chromatograph
at the Environmental Chemistry laboratory at the Water Research Institute of Ghana.
Manganese (Mn) and Iron (Fe) were also determined with mass spectrometer UNICAM 386

in the same laboratory. In accordance with international standards, results with ionic balance

more than 5% were rejected. —
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4.7  Estimation of Total Groundwater Storage

The total groundwater storage was determined from the relation:

Groundwater storage = Ax [ % 4.9
where, A = Average cross-sectional area of study area (m”°)

L = Longitudinal length across study area (m)

= Porosity (%)

Five cross-sectional profiles as shown in Figure 4.4 were drawn across the catchment,
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Figure 4.5: Map showing cross-sectional profiles
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Using the Simpsons rule, the respective areas of the saturation zones of the five cross-seclions

were determined and hence the average area (A). The Simpsons rule is given by:

A %.x (Wfﬂ‘fh ﬂf) i [(ﬁ?’ﬂ + Ictst) 4 4(5umof even) . 2(51.[11: of remmfn!ng)] 410

interval ordinate ordinates odd ordinates

The porosity was however determined from grain-size analysis using the Yukovic and Soro

(1992) empirical formula for calculating porosity which has been stated above in equation 4,3

For the longitudinal length across the study area, the longitudinal length between the topmost
and down most ends of the study area and approximately perpendicular to the cross-sectional
profiles was taken as shown in the Figure 4.6, The total groundwater storage was thereafter

computed with the known parameters using equation 4.9.
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Figure 4.6: Longitudinal length across the study area
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- 4 RESULTS AND DISCUSSIONS

8.1 Introduction

The results and discussions on the hydrogeological and the hydrochemical study have been
presented in this chapter. The pertinent issues that have been discussed with regards to
hydrogeology includes the following; depth to water table, depth to bedrock, saturated
thickness of aquifers, hydraulic conductivity, transmissivity and volume of groundwater
stored in the sub-basin. With regards to the hydrochemistry of groundwater samples, the
physico-chemical parameters such as temperature, twrbidity, total dissolved solids and ions
such as Na', Ca®', K*, Mg?*, Fe*", HCO5', 804%, CI', PO, NO; and F~ have been discussed.

The suitability of groundwater for agricultural (irrigation) use has also been established.

5.2  Analysis of Aquifer Characteristics or Parameters

The rate at which shallow groundwater is being abstracted for dry season irrigation in the
Atankwidi sub-basin is increasing due to the increasing interest of the population in food
production. This necessitates detailed identification of the aquifer system which is essential
for sustainable development of groundwater resource in the arca, The vertical electrical depth
sounding method was used effectively in this study to estimate the depth to water table, depth

to bedrock, saturation thickness and the lateral extent of the aquifers.

5.2.1 Depth to Water table
Results of the vertical electrical sounding carried out at 390 locations to determine the depth
to water are in Appendix 1. The summary of depths to water table or aquifer top is shown in

the Table 5.1. These depths range from 0.4 - 7.8 m with the mean depth, median and standard
= = __'_.___,..--—"__'__

deviation are 1.7, 1.4, and 1.3 m respectively.

e
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Table 5.1: Summary of depth to water table of Atankwidi sub-basin

Range of Vertical Electrical depth Fercentage

depths, m Sounding points
0-1 129 323
1-2 173 45.0
2-3 51 13.1
3-4 18 46
4-5 7 2.0
5-6 6 1.5
6-7 2 0.5
7-8 4 1.0

TOTAL 390 100

The area from the table above can be seen to generally have a shallow water table or depth to
the aquifer top. That is, about 90 % of the values obtained fell within 0 — 3 m. This justifies

the reason behind the depths of most hand dug wells in the area used for irrigation are of

depth ranging between 3 — 5 m.

5.2.2 Depth to Bedrock
The Atankwidi sub-basin generally has depths to bedrock ranging from 2.0 - 38.3 m with a
mean value of 8.4 m. The median and the standard deviation values are 7.3 m and 5.5 m

respectively. The summary of the various depths to the bedrock in the study area is presented

in the Table 5.2.

W
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Table 5.2: Summary of depths to bedrock of aquifers the Atankwidi

sub-basin
Range of Vertical Electrical depth Percentage
depths, m Sounding points
0-5 99 254
5-10 193 49.5
10 =15 62 16.0
15-20 21 54
20-25 7 1.8
25 - 30 3 0.8
30-35 3 0.8
35-40 1 0.3
TOTAL 390 100

Statistical inferences from Table 5.2 show that almost 90 % of the VES points that were
investigated in the area had depths to bedrock between 2 — 15 m whilst about 10 % of the

points exceeded up to 38.3 m.

5.2.3 Saturated thickness of Aquifers

The saturated thickness of aquifers in the area ranges from 0.1 — 35 m with a mean, median
and standard deviation of 6.3, 5.6 and 7.3 m respectively, The summary is given in the Table

5.3,

E
MSc. Thesis 2010
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Table 5.3; Summary of saturated thickness of aquifer in Atankwidi

sub-basin
Range of Vertical Electrical depth Percentage
thickness, m Sounding points
0-5 192 492
5-10 135 34.6
10-15 41 10.5
15-20 12 3.1
20-25 4 1.0
25-30 3 0.8
30-35 3 | o8
TOTAL 390 100

It can be realised from the table that more than 80 % of the VES points showed a saturated

thickness of 0.1 — 10 m with only 1 % showing thickness of between 30 - 35 m.

Diagrams to represent the saturated thicknesses of aquifers in the study area along the five
cross-sectional profile lines in Figure 4.5 have been drawn, That of sections | — | and 2 - 2
are shown in Figure 5.1. The remaining sections (3 — 3, 4 = 4, and 5 - 3) are shown in

Appendix 7.

#
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5.2.4 Hydraulic conductivity and Transmissivity

The case with which water moves through pore spaces or fractures in aquifers are very crucial
in the investigation of groundwater availability. Hydraulic conductivity and Transmissivity
which both describe this characteristic are therefore considered to be some of the important
characteristics of water-bearing formations (Alyamani and Sen, 1993). Their magnitude.

pattern and variability therefore significantly affect groundwater flow patterns.

Hydraulic conductivities determined from grain size analysis using the Alyamani and Sen
(1993) empirical formula ranges from 1.25 x 10 m/d to 1.52 = 107 m/d with a mean of 1,37
% 10% m/d. Details of results are shown in Appendix 5. These values suggest that the ease
with which water moves through pore spaces or fractures is slow. The maximum was
recorded at around the Kaase community in the study area where soil samples showed
properties of silt, with the minimum being recorded at Bembisi-Sirigu area of the catchment
where samples were typically clay. The results obtained are quitc consistent with the

hydraulic conductivities of both clay and silt.

Transmissivity values were computed from the product of the hydraulic conductivities and
their respective saturated aquifer thickness. The transmissivity values in the sub-basin varied
from 3.75 x 107 m¥%/d to 5.32 % 10" m*/d with a mean value of 9.86 x 107 m'/d. These values
again suggest low transmissivity of aquifers in the study arca. Transmissivily values
according to hydrogeologists are known to define aquifer conditions, Values expressed in
m*/s define confined aquifer conditions when they fall within the orders of 10 and 107, With
this as the basis, aquifer conditions in the sub-basin generally suggest that of uncenfined

| m— _'_._'_,..-r-'-_-_-_— ;
aquifers.

ﬁ
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5.2.5 Variation of groundwater with depth in the Atankwidi sub-basin

With the objective of mapping the detailed aquifer configuration and variations in saturation
with depth with the aid of resistivity variation in the area, a two-dimensional (2D) electrical
imaging of resistivity-depth sections were produced along five profile lines in the sub-basin to
depict the variation of groundwater with depth. These profiles were arranged serially from
north to south. The exact location and orientation of these profiles are shown in Figure 4.1

above. The resistivity-depth images of the various cross-sectional profiles are shown in Figure

5.2 and discussed below.

Section 1-1

l High 4157

Low: 53

IillI distance,/kin

- High : 3522.6

Low 7.3
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Section 4 — 4

distance /km

High - 985.1

 Low 4.2
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Figure 5.2: Resistivity-depth sections along the five cross-sectional profiles

As resistivity is the inverse of conductivity, low resistivity means high conductivity and hence
high saturation and vice versa. The interpretations of the electrical images are all based on this
assertion. Toward the south, as indicated by section S — 5, the saturated zone is at shallower
depths. Thus the profiles oriented in different directions show the configuration of the aquifer
zone and its elevation along the profile line. The aquifer zones are normally dipping
southward, indicating local groundwater flow direction from north to south in the area. The

direction of groundwater flow delineated from electrical images is consistent with the local

h}rdmgeolugin;a] setting. _—

m
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52.6 Estimated Groundwater Storage

The total groundwater storage in the Atankwidi sub-basin has heen computed from a known
porosity which was determined from grain-size analysis using the Vukovic and Soro (1992)
empirical formula, an average cross-sectional area of the study area using the Simpsons rule

of determining areas of irregular surfaces and the longitudinal length across the study area as

discussed below,

Estimated average cross-sectional area (A)

The cross-sectional area of sections - 1 and 2 - 2 which are typical cross-sections of the
study area from which areas were estimated using the Simpsons rule are shown in Figure 5.3.
The other sections are shown Appendix 6, Table 5.4 shows the computed values of cross-

sectional areas of the five cross-sections.

Table 5.4: Computed values of estimated cross-sectional areas

Cross- | Section 1-1 | Seetion 2-2 | Section 3-3 | Section 4-4 | Section 5-53 | Average

section area

|
il;“‘ 80,066.67 5144000 | 66.400.00 | 88,066.67 60.100.00 | 69.214.67

From the table, the average estimated cross-sectional area of the study area is 69,214.67 m’.

ﬁ
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Estimated mean Porosity (1)

The result of estimated mean porosity in the study area is shown in Table 5.5,

Table 5.5: Estimated mean porosity of study area

No. of Aquifer | Mean, | Mean, Mean, Mean, |
(soil) samples dyo dgg | U=dwldw | n=0255(1+0.83Y)
20 0.0038% | 0.07375 | 19.03226 0.262352

The estimated mean porosity of the study area from the Table above in percentage is 26.24 Y%

which is quite consistent with clayey soils.

Estimated total groundwater storage

With the estimated values of average cross-sectional area, mean porosity and the longitudinal
length across the study area, the total groundwater storage was then computed with the values

shown in Table 5.6

Table 5.6: Computational values of total groundwater storage

Mean cross- Longitudinal length | Mean porosity, % Total groundwater
sectional area, | aecross study area, m | storage, m’
ml
69.214.668 20,415 26.24 370,777,191.2

From the above table, the product of the mean cross-sectional area, the longitudinal length
across study area and the mean porosity gives the total groundwater storage of the Atankwidi
sub-basin as 370,777,191.2 m’. The White Volta Basin is reported to have groundwater

- _'__,_.--—'_-_-_ - "
storage of 3.9 x 10'" m* (Kortatsi, 1997) suggesting that, the groundwater storage ol

~Afankwidi sub-basin (that falls within Ghana) represents about 0.95 % of that of the White

Volta Basin as a whole,
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%

53  Hydrochemical Analysis and Evaluation of Groundwater Quality

Water quality analysis is onc of the most important issues in groundwater studies. It reveals

the suitability of the water for domestic, agricultural and industrial purposes and also helps to

understand the possible change in quality probably due to rock-water interaction of
anthropogenic effects. In classifying and assessing groundwater quality, the importance and

the role chemical parameters play cannot be over emphasised.

5.3.1 Physico-chemical Analysis of Water samples
The results of physico-chemical analysis of groundwater samples from the Atankwidi sub-

basin are summarised in Table 5.7.

Table5.7: Summary of physico-chemical water quality parameters in the Atankwidi sub-basin

Parameter Minimum | Maximum Mean Median STD
1 2 3 -+ - b

Temp 26.40 34.00 29.94 29.90 1.92

pH 6.73 7.93 7.24 7.21 0.33

EC 100.00 484.00 236,25 217.5 0088

TDS 55.00 266.20 129.94 119.63 54.93

TSS 1.00 294.00 3319 31.50 69.79

Turb 1.75 316 69.23 36.25 81.53

Br; 0.00 1.98 0.47 0.34 0.47

Ca 5.60 40.9 15:27 13.2 836

Cl 3.00 44.00 15.54 12,90 928

NO; 0.001 0.12 0.02 0.02 0.03

NO; 0.001 10.10 1.06 0.43 |.89

PO, 0.01 14.30 3.52 2.95 242

504 4.00 F____E_d.ﬂﬂ 23.42 20.00 16.95

N-__F- T.Eﬁf 70.90 24.79 20.15 16.16

., A 1.4 25.30 9.76 10.65 5.12

K 1.4 2530 9.76 10.65 5.12

MSc. Thesis 2010
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1 2 3 4 B 6
K 1.4 25.30 0.76 10.65 5.12
F .03 0.65 0.33 0.35 0.18
HCO; 12.20 258.64 117.97 117.12 62.98
CaH 14.00 102.00 37.56 33.10 20.51
MgH 3.9 77.8 26,99 25.85 14.65
Mg 0.90 18.90 6.57 6.25 3.36
Mn 0.005 0.65 0.12 0.04 0.18
Fe 0.02 13.] 2.25 0.99 3.00
Zn 0.005 0.06 0.02 0.01 0.01

All concentrations are measured in mg/1, pH in pH unit, Turbidity in NTU, electrical

conductivity in pS/cm and temperature in °C,

Generally, the chemical constituents of the groundwater samples are low as shown in Figure

54, with HCO3" as the predominant anion which is known to be very consistent with the

chemistry of most natural waters in granitic formations (Freeze and Cherry, 1979). NO; ™ and

F* occur in minor concentrations compared with the other anions. The decreasing order of

cations in the groundwater samples is in order of Na” > Ca®* > K' > Mg™" > Fe*" and that of

anions is HCO > S0 > CI'= PO > NOy > .,

_—-'-_._'_F-
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Figure 5.4: Median concentration of chemical constituents in the Atankwidi sub-basin
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53.2 Hydrochemical facies of groundwater samples

Hydrochemical facics are distinct zones that possess cation and anion concentration categories

(Sadashivaiah ef al., 2008). The chemical analysis results of the groundwater samples in the

Atankwidi sub-basin has been presented by plotting them on a Piper tri-linear diagram (Piper

1944) in Figure 5.5 which reveals the analogies, dissimilarities and different types of waters

in the sub-basin.
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Figure 5.5: Piper diagram of groundwater samples from the Atankwidi Sub-Basin

Cl

In the cation plot field (triangle on the left) of the Piper tri-linear diagram, 50% of the
groundwater samples plot mainly in the middle which suggests mixed cations with no

dominant cation type whiles-the otfier 50% of the samples depicts Na-K as the predominant

W. However, in the anion plot field (triangle on the right), almost all the samples

plotted are towards the HCO5 corner which again suggests HCO3 as the predominant anion.
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The groundwater samples plotted in the Ca-Mg-HCO; dominant of the diamond field (section

A) suggests active recharge, short residence time and temporary lardness (Kortatsi ef al..

2008). This type of waters usually has chemical properties which are dominated by alkaline

earths and weak acids (Karanth, 1994), and apparently not associated with a particular

geological formation (Kortatsi er al,, 2008) but may have emanated from either dolomite
{C‘ME “203}1} or calcite [CECOJ} in rock matrix. Some (35 %) of the gm“rﬂwnlﬂ gwh@
(section B) also showed mixed type of water with no cation-anion exceeding 50 %. This water

specifically is more of the Na-Mg-Ca-HCOj mixed type of water.

5.4  Irrigation Water Quality

~ The evaluation of groundwater quality for irrigation in this study was based on the following

factors:
e Salinity (total amount of dissolved salts in water),
¢ Sodium hazard (the amount of sodium in the water compared 10 calcium plus
magnesium),
e Magnesium hazard (MH), and

¢ pH and total alkalinity.

5.4.1 Salinity Hazard

. The most influential water quality guideline on crop productivity is the water salinity hazard

_ The severity of the osmotic effect may

¥ 3

as measured by electrical conductance (Bauder et al., 2007). High concentration of salinity
(electrical conductivity) in irrigation water affect crop yield through the inability of the plant

to compete with-ions in the soil solution for water (osmotic effect or physiological drought).

o m—

vary with the plants growth stage and in some cases

—may B0 unnoticed because of a uniform yield decline over the whole crop (George, 1979)

Table 5.8 shows the classification of groundwater samples for irrigation water use based upon
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electrical conductivity.

Table 5.8: Classification of groundwater samples in Atankwidi sub-basin for lrri

: ‘ gation
water use based on electrical conductivity (Bauder et af, 2007)

Number of Percentage Electrical Conductivity Classes of Water
samples (uS/cm) i
26 65 <250 Class 1: Excellent
14 35 250 - 750 Class 2: Good
0 0 750 = 2000 Class 3: Permissible
0 0 2000 - 3000 Class 4: Doubtful
0 0 >3000 Class 5: Unsuitable

54.2 Sodium Hazard

According to Karanth (1994), excessive Na' content of irrigation water renders it unsuitable
for soils containing exchangeable Ca’* and Mgz+ ions as the soil take up Na® in exchange for
Ca®™ and Mg2+ causing deflocculation (dispersion) and impairment of the tilth and
permeability of soils, The sodium hazard is typically expressed as the sodium adsorption ratio
(SAR). The general classifications of groundwater samples in the study area for irrigation

based on SAR values according to Bauder ef al, (2007) generally showed low SAR.

5.4.3 Classification of Irrigation Water Quality

When the salinity and sodium absarption ratio (SAR) of water are known, the classification of

irrigation waters can be determined by graphically plotting these values on the Wilcox

diagram (Wilcox and Durum, 1967). The diagram expresses the relationship between sodium

(SAR) and_ﬁrﬁn&y .(E[‘.] m;l.her words, it expresses the integrated effect of both
_sodiwm-and salinity hazards of irrigation waters. That for the Atankwidi sub-basin was

therefore plotted as shown in Figure 5.6.

L MSc. Thesis 2010

C
Somuel Bornie = 58



it

1

¥ 003
lli

i
{

Sodum Hazmd (SAF)

Figure 5.6: Classification of irrigation waters in the Atankwidi sub-basin
(Wilcox and Durum, 1967)

The Wilcox diagram above for the Atankwidi sub-basin again confirms generally low sodium
(SAR) hazard and low 10 medium salinity hazard associated with groundwater samples. This
makes groundwater samples in the sub-basin generally good for wrrigation as far as sodium
and salinity hazards are concern.

5.4.4 Magnesium Hazard

Magnesium is believed to be injurious to plants, but the harmful effect is greatly reduced by
lllpmme.;ulchm The-magresium hazard (MH) is defined as 100Mg (Ca + Mg)  with
the chemical constituents expressed as meg/l. The classification of groundwater samples
MhmmﬂM{IM}MHWMEMIHTH*!.‘
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Table5.9: Classification of groundwater samples in Atankwidi sub-

b i H L] g b
hazard (Szabolcs and Darab, 1964). asin based on Magnesium

Number of wells | Percentage | Magnesium  hazard | Water classification

[100Mg(Ca + Mg)™|

29 7125 <50 Desirable

11 21.5 >50 Undesirable  (deleterious
to most crops)

The groundwater sampled had 27.5% of them with MH above 50 implying that, magnesium
hazard is a potential problem associated with the groundwater in the study area should it be

used for irrigation.

5.4.5 pH and Alkalinity

Alkalinity is related to pH, because water with high alkalinity has a high “buffering capacity”
or capacity for neutralising added acids. The major chemicals responsible for alkalinity in
water are the dissolved carbonates and bicarbonates from the geologic materials of the aquifer
from which the water is drawn. The dissolved carbonates and bicarbonates increase the media
pH over time by neutralising H” ions in the media solution. Although there are no established
optimum or toxic levels for alkalinity, typical recommendations range from 37.5 — 130 mg/|
CaCO: (Will and Faust, 1999), The concentration of alkalinity varied from 10 — 216 mg/l with
the mean, median and standard deviation of 96.7, 96 and 51 62 mg/l respectively. 22.5% of
the total groundwater samples had their concentrations above this desirable range probably
due to the relatively high concentrations of bicarbonate (HCOy) in the samples. Nonetheless,

e gl

5 % of the groundwater samples had low alkalinity concentrations. Low alkalinity of

_ET.-igE--EiEm watle provides no buffering capacity against pll changes which leads to the decline

of media solution pH when acid-residue fertilisers are used (Will and Faust, 1999),

. MSc. Thesis 2010
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54.6 Assessment of Irrigation water quality based on all criteria used
The irrigation water quality was assessed based on all the criteria used (SAR, salinity hazard,

magnesium hazard and alkalinity) to know the percentage of groundwater samples that fell

within the recommended ranges.

e
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Figure 5.7: Assessment of irrigation water quality based on MH and alkalinity

Figure 5.7 shows the assessment of groundwater samples based on both magnesium hazard
and total alkalinity. Since all the groundwater samples fell within the recommended ranges of
both sodium (SAR) and salinity hazards at the same time, the only limitations will be from
magnesium hazard and alkalinity. Therefore the percentages of samples that fall within the
desirable ranges of both magnesium hazard and alkalinity at the same time are considered to

be the pemeﬁ;age of mW-ahmhmly no limitation. With this assumption, the

percentage of samples that fall within the recommended region of the Figure above is 52.5 %

_____..-l—'-_

with 25 % and 22.5 % of the samples with magnesium hazard and alkalinity problems

respectively.
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5.5 Domestic Water Quality
The assessment of groundwater samples in the Atankwidi sub-hasin for domestic use in this

study was based on the criteria that, water is said to have good chemical quality if it is soft,

low in total dissolved solids (TDS) and also free fram poisonous and harmful chemical

constituents (Karanth, 1994). The physico-chemical parameters considered in the assessment

included temperature, pH, total dissolved solids (TDS), turbidity, total suspended solids
(TSS), electrical conductance, total hardness, total alkalinity, nitrate (NO17), fluoride (F), iron
(Fe*), sulphate (SO,™"), chlorine (CI), magnesium (Mg?"), manganese (Mn"), calcium
{CazJ’), sodium (Na’) and potassium (K°). The WHO guidelines for drinking water quality

(2004) were adopted for analysis in this study.

5.5.1 Turbidity

The groundwater samples in the area had high turbidity values ranging from 1.75 - 316 NTU.
The mean, median and the standard deviation values are 69.23, 36.25 and 81.53 NTU
respectively. These high levels may be as a result of high dissolved and suspended solids in
the water samples, The maximum values were recorded in samples taken from river beds in
the area which is quite usual with surface waters. Only 12.5 % of the total samples fell within
the WHO (2004) recommended limit for drinking water of 5§ NTU, which suggests that
groundwater in the study arca is aesthetically unpleasant for drinking with regards to

turbidity. The variations in turbidity with respect to locations are shown in the Figure 5.8.

. Mse, Thesis 2010
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Figure 5.8: Variations in Turbidity with respeetive locations in the Alankwidi sub-basin

5.5.2 Total Dissolved Solids (TDS)

TDS of groundwater samples in the study area varied from 55 - 266.2 mg/l with mean,
median and standard deviation values of 129.94, 119.63 and 54.93 mg/| respectively. These
concentrations are significantly lower than the WHO (2004) recommended limit for drinking
water quality of 1000 mg/l. With respect to TDS, the groundwater quality in the arca can

therefore be considered to be of good quality for drinking.

5.5.3 Total hardness

The classification of groundwater samples in the sub-basin based on total hardness was done

according to Todd (1980) as shown in Table 5.10.
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Table 5.10: Classification of groundwater sam

total hardness (Todd, 1980), ples in the Atankwidi sub-basin based on

Number of wells | Percentage | Hardness (mg/l CaCO3) | Water classification
range
28 70.0 0-=75 Soft
11 27.5 75— 150 Moderately hard
1 2.5 150 - 300 Hard
0 0 >300 Very hard

The total hardness of the groundwater in the area generally varied from soft to hard with
majority of the samples being soft. Nonetheless, 30 % of the samples varied from moderately
hard to hard with none of the samples being very hard. This makes the groundwater in the

area based on total hardness generally good for domestic use.

5.5.4 Iron and Manganese

Iron (Fe) and manganese (Mn) are naturally present throughout the environment and are
generally perceived as safe, as often as taste will deter users from drinking water rich in these
¢lements (Schaefer ef. al, 2009), Although no health-based guideline value has been
established for Fe, the WHO (2004) drinking water quality guidelines recommend a
concentration of 0.3 mg/l below which taste will often be affected. The concentration in the
area varied from 0.02 — 13.1 mg/l with mean, median and standard deviation of 2.25, 0.99 and
3.00 mg/! respectively. 75 % of the total samples were above the recommended limit with
Sirigu having the maximum concentration. Iron levels in the groundwater of the Atankwidi

sub-basin are therefore relatively high probably due to natural sources in the earth crust such

as geochemical processes—within the aquifers. Figure 5.9 shows the variations in iron

concentration in groundwater at different locations.
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Figure 5.9: Distribution of varied Iron concentration in groundwater samples in the area

Manganese concentrations ranged from 0.005 — 0.65 mg/l with mean, median and standard
deviation of 0.12, 0.04 and 0,18 mg/l respectively. Out of the total samples, 12.5 % were
above the WHO guideline value for drinking water quality of 0.4 mgfl. Although manganese
is an essential element for humans, high concentrations may have adverse neurological effects
(Santos-Burgoa et al, 2001). Distribution of varied manganese concentration levels in

groundwater samples of the Atankwidi sub-basin is shown in Figure 5.10.
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Figure 5.10: Distribution of varied Manganese concentration levels in groundwater samples

5.5.5 Fluoride

Fluoride (F°) concentration in the range of 0.5 — 1.5 mg/1 is physiologically beneficial since it
promotes dental health and prevents dental caries (WHO, 2004). Below the specified range,
dental decay occurs whilst above the beneficial range and depending on the actual
concentration, dental fluorosis may oceur (Dissanayake, 1991). Fluoride concentration of
groundwater samples in the area varied from 0.03 — 0.65 mg/l with mean, median and
standard deviation of 0.33, 0.35 and 0.18 mg/l respectively. None of the groundwater samples
fell above the WHO guideline value of 1.5 mg/l with 32.5 % of the total samples falling
within the beneficial range. 67.5 % of the samples fell below the beneficial range which
suggests. ﬁ'ﬁ'ﬁ;;\l decay & main polential physiological problem associated with

arou ater in the area. Groundwaters from crystalline rocks, especially granites which

happen to be one of the main underlying rocks in the study area are particularly susceptible to
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fluoride build-up because they often contain abundant fluoride-bearing minerals such as

fluorite (CaF;) (Macdonald et al., 2003). The low concentration in fluoride in 67.5 % of the

samples can therefore be attributed to either low concentration of fluorite in the rock of

certain communitics in the area or relatively high calcium congentration in some of the wells

which limits the fluoride concentration due to the solubility constraint as shown in the

equation below;

e [ e 11057 s ;
K fuorite = [Ca ] [} ] =10 at25°C,, where Kaysrgis the solubility constant,
From the equation above, the decrease in concentration of F° is taken care of by a
corresponding increase in the concentration of caleium (Ca®"). This is to maintain the

solubility constant which results in the limitation of the amount of F~ that dissolves in the

groundwater.

5.5.6 Other Trace elements

Other trace elements such as Copper (Cu), Lead (Pb), Nickel (N1}, Cadmium (Cd) and Zinc
(Zn) in the groundwater samples were also analysed and the concentrations in all the samples
were far below the WHO (2004) guideline values for drinking water quality for the respective

elements.
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6.

6.1

This research recognises the need for

data for the estimation of

sub-basin of the White Volta Basin
CONCLUSIONS AND RECOMM ENDATIONS

Conclusions

the availability of hydrogeological and hydrochemical

groundwater potential for a specific use and its sustainable

management. Specifically, this research focused on the investigation of groundwater

availability and quality for irrigation in the Atankwidi sub-basin which has established a

database to facilitate its management. It is anticipated that the findings of this research will

help decision-makers prioritise their investments in relation to irrigation development Lo

ensure food security in Ghana, The following key conclusions have been drawn from the

results of the study:

Samuel Barnie =

Hydraulic conductivity values of the aquifer in the study area did not show a wide
range which confirms the homogeneity of the geological formations.

The mean transmissivity value was found to be 9.86 = 10~ m*/d and hence defined the
unconfined nature of the aquifer.

The aguifer geometry in the Atankwidi sub-basin as delineated using peophysical
(electromagnetic and vertical electrical depth sounding. VES) exploration techniques
is shallow and lies above the first impervious layer or stratum and hence susceptible to
pollution.

Two main water types (Ca-Mg-HCO; and Na-Mg-Ca-HCO3) have been delineated
using the Piper diagram. Further more, the relative abundance of cations in the
sroundwater is in the order of Na™ > Cal" > K > Mg"' > Fe’". HCOy was however

thE pmﬂﬂminant ani{jn Which ﬂlSﬂ had d d'ﬂ‘crEﬂSing order 'DF HED]‘ = 5{.}43- - C] =
—— = __'__,..--—'_-'-_.___
PO > NOy>F.

The suitability of groundwater for irrigation evaluated based on sodium (SAR),

nesium hazards, pH and alkalinity shﬂwed Iuw SAR and low to
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medium salinity hazard and is therefore good for irrigation but with some potential

magnesium hazard and alkalinity problems which partially limits its use for irrigation
by developing sodic soil conditions with continuous use,

Groundwater in the sub-basin had high turbidity with 87.5 % of samples above the

recommended limit, making it aesthetically unpleasant for domestic use whiles 75 %
of samples had Fe concentrations above the recommended limit also questioning the
taste for domestic use. The F concentration of 67,5 % of the groundwater samples fell
below the beneficial range which suggests dental decay as the main potential

physiological problem associated with groundwater in the area for drink ing purpose.

6.2 Recommendations

Based on the results and conclusions of the study, the following recommendations have been

made:

——

In order to ensure sustainability, there should be a long-term monitoring plan of
groundwater levels to determine if the levels show a particular trend over a period of
time.

Groundwater quality in the sub-basin should be monitored regularly to ensure early
detection and intervention of any pollution or contamination that may occur due to the
susceptibility of the regional aquifer system 1o pollution (weedicides, pesticides ete.).
Due to the magnesium hazard problems that were recorded in some of the areas, soil
conditions should also be monitored with time to ascertain any problem of sodicity
and if necessary leach the soil.

Fuﬁh;r ;'csearch showld-beconducted to estimate the safe yield in order 1o know the

volume of water that can be abstracted and readily available for irrigation and its

sustainability.
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Appendix 1: Geophysical (VES) exploration data

Lm——"’; HION LA’;- () LONG, (W) EEI.PI:!E}CTE TABLE THICKNESS
= 3 4 5 6
Anateen 10.8382 | 0.97826 3.1 2.1 I
Anateen 10.83944 | 0.97774 10.3 0.5 9.8
Anateen 10.83957 | 0.97945 6.5 1.4 3.1
Anatr-:en 10.84124 | 097916 6.6 5.2 1.4
Kandiga 10.83981 | 0.98137 52 | 4.2
Anateen 10.83802 | 0.98049 8.8 | 5.3 1.5
Anateen 10.8417 0.97607 25:9 2.1 14.5
Anateen 10.84061 | 0.97734 14.8 1.9 10.8
Akoka 10.841127 | 0.97872 57 0.8 4.9
Akoka 10.84227 | 0.97922 4.2 1.4 2.8
Akoka 10.84164 | 0.97514 14.8 0.7 14.1
Akoka 10,8423 | 0.97434 6.4 0.9 55
Akoka 10.84241 | 0.97244 3.7 15 1.3
Akoka 10.84353 | 0.97314 6.1 i 0.6 5.5
Kandiga 10.84521 | 0.96963 24.5 1.4 23.1
Kandiga 10.84518 | 0.96835 5.8 2 3.8
Kandiga 10.84599 | 0.96779 5 0.6 4.4
Kandiga 10.84746 | 0.96801 32.1 0.6 30.2
Kandiga 10.848442 | 0.9886 6.2 1.6 3.6
Kandiga 10.84758 | 0.96931 Tk 0.5 6.7
Kandiga 10.8492 | 0.96785 11 2 el 1) |
Atiyoori 10.85048 | 0.96478 8.6 1.6 73
Atiyoori 10.85093 | 0.96588 3.9 3.4 17
Atiyoori | 10.85083 | 0.9671] 5.8 0.8 5
Atiyoori 10.84994 | 0.96854 e .1 2.4
Kaase/Dazong | 10.85022 | 0.9634] 26.2 1.6 21.8
Kaase/Dazong 10.85127 | 095867 3.5 2.4 [.1
Kaase/Dazong 10.85019 | 0.95851 19.4 1.1 15.9
Kaase/Dazong 10.85019 | 0.9572 5.1 0.7 4.4
Kaase/Dazong 10.84946 | 0.95696 11,1 . 1 10.1
Kaase 10.85306 | 0.95446 19 3.8 15.2
Kaase 10,85194 | 0.95396 32.4 ] 18.2
Raase_ -1 10.85088 | 0.95304 10.4 1.9 8.5
Kaase 10.84992 | 0.95248 11.4 3.1 8.3
" Kaase 10.85053 | 0.9515 15.4 4.3 1.1
Kaase 10.85141 | 0.9522 7.8 6.3 1.5
Akamo/Dazong 10.85313 | 0.94836 1 S B 4.3
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= - 2 3 4 : 6
amo/Dazong 10.85162 | 0.94795 6.1 0.6 5
Akamo/Dazong 10.85225 | 0.94606 9 3 6
Akamo/Dazong | 10.85141 | 0.94552 6.5 1.9 4.6
Akamo/Dazong 10.83251 0.9447 9.2 17 75
Akamo/Dazong 10.85314 | 0.94554 21.4 1.1 16.6
Akamo/Dazong 10.85267 | 0.94653 1.7

Akamo/Dazong 10.85231 | 0.95193 3.2 1.1 2.1
Akamo 10.8569 (.94325 4.7 14 1.3
Akamo 10.85634 | 0.94131 7.5 3.9 36
Akamo 10.85532 | 0.94311 12 I 9.5
Akamo 10.85546 | 0.94444 9 1.8 7.2
Akamo 10.855757 0.94234 4.4 2.1 2
Akamo 10.85835 0.94068 12.6 |3 1.2
Akamo/Kologo 10.86077 | 094124 7.8 0.7 7.1
Akamo/Kologo 10.8594 0.940635 3 1.3 1.8
Akamo/Kologo 10.86003 | 0.93909 7.2 1.2 6.1
Akamo/Kologo 10.86154 | 0.93845 4.5 2.3 23
Akamo/Kolopo 10.86235 | 0.93989 19.6 0.6 17.3
Kandiga/Kologo Iﬂ.ﬁﬁﬂ] 14 | 093908 6.9 1.2 5.7
Kandiga/Kologo 10.86298 | 0.93807 : B - 1.8 1.4
Kandiga/Kologo 10.86427 | 093742 12.2 Td 4.5
Kandiga/Kologo 10.86601 | 0.93595 11.4 7.3 4,1
Akamo/Kologo 10.86688 | 0.93708 11.4 2.1 9.3
Akamo/Kologo 10.86609 | 0.93456 6.9 5.6 1.3
Akamo/Kologo 10.86552 | 0.93288 13 0.9 12.1
Akamo/Kologo 10.86711 | 0.93728 7.4 35 3.9
Akamo/Kologo 10.86793 | 0.93519 L 0.6 10.4
Akamo/Kologo 10.86951 (0.93076 11 0.6 1 0.4
~ Akamo/Kologo 10.8689 | 0.93612 23.1 2 21.1
Akamo/Kologo 10.8715 (.93309 8.8 3.2 5.7
Akamo/Kologo 10.87257 | 093124 13.8 0.7 1 3.1
Zorkko/Gamborigo 10.87304 | 0.93237 6.2 2.6 3.6
Zorkko/Gamborigo 10.87491 | 093217 2.6 1.7 0.9
Zorkko/Gamborigo 10.87699 | 0.93425 B 2.3 5.8
Zorkko/Gamborigo 10.87669 | 0.93257 7.1 3.8 3.3
Zorkko/Gamborigo | 10-87654 | 0.93072 6.7 2.3 4.2
Zorkko/Gamborigo 10.87873 | 0.92971 10.2 0.7 7.9
Zorkko/Gamborigo 10.87997 | 0.92981 125 0.8 7.7
T Zorkko/Gambori go 10.88099 | 0.93078 7.9 3.1 4.8
Zorkko/Gamborigo 10,87953 | 093126 8.4 1.4 Tl
Zorkko/Gamborigo 10.87889 | 093225 8 I 6 6
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- £ 3 4 : 0
Zorkko/Gamborige 10.87786 | 0.93202 8.6 0.8 54
Zotkko/Gamborige | 1087763 | 0.93396 8.9 0.9 EX)
Zorkko/Gamborigo 1088193 | 0.9316] 17.5 2.1 14.2
Zorkko/Gamborigo 10.88161 | 0.92818 7.1 21 5
Zorkko/Gamborigo 10.88313 | 0.92825 5.6 41 15
Zorkko/Gamborigo 10.8834 | 0.93034 6.8 5.4 | .4
Zorkko/Gamborigo 10.8849 | 0.93072 6.4 0.8 5.6
Zorkko/Gamborigo 10.38493 | 0.93171 2.3 1.4 0.8
Zorkko/Gamborigo 10.88335 | 0.93137 53 1.5 0.8
Zorkko/Gamborigo 1088168 0.933 4.2 5 0.3
Zorkko/Gamborigo 10.58868 | 0.93296 3.2 0.9 i3
Zorkko/Gamborigo | 10.89011 | 0.9321 |  10.7 | 42
Zorkko/Gamborigo 10.88862 | 0.93149 T I S 6.7
Zorkko/Gamborigo 1088712 | 093202 | 37 | 5 6.4
Zorkko/Gamborigo 10.88566 | 0.93195 4.4 1.3 2.3
Zorkko/Gamborigo 1088641 | 0.93315 4.1 1.1 33
Zorkko/Gamborigo 10.892 0.93515 18.1 1.9 2.2

Kurigi/Gaberigo 10.8919 | 0.93376 6.3 1 13.3
Kurigi/Gaborigo 10.89173 | 0.93299 6.3 33 3
Kurigi/Gaborigo 10.89141 | 0.93208 5.2 1.3 5
Kurigi/Gaborigo 10.89223 | 0.9325] 6.6 1.5 3.7
Kurigi/Gaborigo 1 0.89402 0.9324 4.8 2 4.6
Kurigi/Gaborigo 10.89586 | 0.93346 3.1 0.6 4.2
Kurigi/Gaborigo 10.894 0.93399 6 0.7 24
Kurigi/Gaborigo 10.89081 | 0.93365 8.1 1.9 4.1
Kurigi/Gaborigo 10.89146 | 0.93474 38.3 1.4 6.7
Kurigi/Gaborigo 10.89697 | 093347 7.1 7 | 35
Kurigi/Gaborigo 10.89807 | 093262 8.2 2.2 4.9
 Kurigi/Gaborigo 10.89826 | 0.93179 4.6 0.8 7.4
Kurigi/Gaborigo 10.89992 | 0.9322 119 4. I1d 2.9
Kurigi/Gaborigo 10.89959 | 0.93324 3.1 1.4 10.5
Kurigi/Gaborigo 10.899991 | 0.93427 8.4 0.9 22 |
Kurigi/Gaborigo 10.89878 0.934 5.9 ] 7.4
Kurigi/Gaborigo 10.89849 | 0.9333 9.2 1.7 4.2
Kurigi/Gaborigo 10.89563 | 10.93456 3.1 2.3 8.9
Kurig/Gamborigo | 10-89699 | 093449 4.2 2 I
Kandiga Longo 1090222 | 093465 5.6 1.3 2.9
Kandiga Longo 1090112 | 0.93316 27.5 | 4.6
== Kandiga Longo 10.90222 | 053274 9.2 1.9 226
Lonhogo/Gamborigo 10.90176 | 0.93215 9.6 I..f 1.9
Lonhogo/Gamborigo 10.90408 | 0.90141 4.6 1.5 8.1
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- 2 3 4 5 6
Lﬂﬂhﬂgﬂfﬁambnrige | 10.90428 0.93276 29 1.5 31
Lonhogo/Gamborigo | 10.90289 | 0.93308 12.6 0.8 2.1
Lonhogo/Gamborigo | 10.90413 | 0,93463 10.3 3.4 92
Lonhogo/Gamborigo 10.90325 | 0.93509 4.8 1.3 9

| Bembisi/Kanga 10.905235 | 093332 | 17 | 39
Bembisi/Kanga 10.90553 | 0.9321 5.5 1.4 1.9
Bembisi/Kanga 10.90502 | 0.92993 6.7 | 4.4
Bembisi/Kanga 10.90613 | 0.93034 30.2 1.9 4.7
Bembisi/Kanga 10.90734 | 0.93100 6.4 1.3 26
Bembisi/Kanga 10.90647 (0.931 13.3 1.4 5
Bembisi/Kanga 10.90524 | 0.93402 33 1.9 11.4
Bembisi/Kanga 10.90628 | 0.93391 8.5 3 11
Bembisi/Kanga 10.90901 | 0.93165 16.7 23 6.3
Bembisi/Kanga 10.90908 | 0.93058 23 0.9 56
Bembisi/Kanga 10.50892 | 0,92961 8 ' 2.1 12.9
Bembisi/Kanga 10.90979 | 0.93016 47 | 2% 5.8
Bembisi/Kanga 10.90994 | 0.93098 7 0.6 14
Bembisi/Kanga 10.90972 | 0.93191 6.9 2 5
Bembisi/Kanga 1090892 | 0.93245 2.1 0.7 6.2
Bembisi/Kanga 10.90845 | 0.93202 4.1 ' 1.2 I
Bembisi/Kanga 1090756 | 0.93336 6.3 | 1.4 i
Bembisi/Kanga 10.90988 | 0.93326 7.4 1.3 5
Bembisi/Kanga 10.91273 | 0.93247 5% | 5.3 2.1
Bembisi/Kanga | 10.91288 | 0.93158 10.4 . 2.9 1.4
Bembisi/Kanga 1091531 | 0.93064 7.6 _ 1.5 7.8
Bembisi/Kanga 10,9144 0.9322 6.7 . 1.6 6
Bembisi/Kanga 1091416 | 093347 | 14.1 1.7 5
Bembisi/Kanga | 1091365 | 0.93273 12.3 1.5 9.5
Bambisi/Kanga 1091474 | 093417 | 52 1.4 1
Bambisi/Kanga 10.91463 | 0.93357 5.8 1.1 4.2
Bambisi/Kanga 10.91591 | 0.93312 2.6 Lid 4.3
Bambisi/Kanga 1091624 | 0.93214 4.1 0.6 2
Bambisi/Kanga 1091721 | 0.93200 4.8 1.6 D5
Bambisi/Kanga 10.91857 | 0.93311 6.2 1.7 3.1
Bambisi/Kanga 1091760 | 0.93345 Sl 0.9 8.3
Bambisi/Kuanpa _10.94668-| 0.93299 E:S 0.8 4.3
Bambisi/Kanga 10.91647 | 0.39400 53 0.7 4.4
Bambisi/Kanga 10.91490 | 0.93458 5.2 I 43

T Bambisi/Kanga 10.91392 | 0.93409 6.3 1.1 4.1

. Bambisi/Kanga 10.91923 | 0.93281 6.0 1.0 5.3

Bambisi/Kanga 1091912 | 093172 9.9 0.6 5.4
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: 2 3 4 5 6
Bambisi/Kanga 10.92016 | 0.93155 12.6 11 28
Bambisi/Kanga 10.92128 | 0.93171 14.8 7.8 4.8
Bambisi/Kanga 10.92226 | 0.93187 14.6 0.8 14
Bambisi/Kanga 10.92045 | 093224 16.3 1.7 12,9
Bambisi/Kanga 10.91993 | 0.93302 6.3 1.6 13.6
Bambisi/Kanga 10.91924 | 0.93402 5.5 1.5 4.8
Bambisi/Kanga 10.92157 | 0.93304 2.2 1.0 4.5
Bambisi/Kanga 10.92041 | 0.93366 7.8 0.6 1.5
Bambisi/Kanga 10.92395 | 0.93199 11.9 1.2 6.6
Bambisi/Kanga 10.92349 | 0.93162 5.0 1.9 10
Bambisi/Kanga 10.92290 | 0.93091 i 1.3 3.7
Bambisi/Kanga 10.92240 | 0.93024 20.8 0.9 7
Bambisi/Kanga | 10.92203 | 092951 7.3 0.7 16.8
Bambisi/Kanga 10.92155 | 0.93008 4.4 0.8 6.5
Bambisi/Kanga 1092271 | 0.92929 6.8 0.9 7.2
Bambisi/Kanga 10.92353 | 0.92964 13.9 2.2 4.1
Bambisi/Kanga 10.92339 | 0.93064 3 1.8 3.6

Sirigu/Bikundooni 10,92495 | 0.93027 5.1 1.1 ¥
Sirigu/Bikundooni 10.92512 | 0.92950 5.1 1.0 4.1
Sirigw/Bikundooni | 1092482 | 0.92938 4.4 1.5 3.6
Sirigu/Bikundooni 10.92427 | 0.92915 13.3 0.8 3.6
Sirigu/Bikundooni | 10.92356 | 0.92953 3 1.3 11.9
Sirigw/Bikundooni 10.92578 | 0.92963 9.4 1.3 3
Sirigu/Bikundooni 10.92630 | 0.92908 8.3 1.0 8.4
Sirigu/Bikundooni 1092712 | 0.92992 8.3 1.7 6.6
Sirigu/Bikundooni 1092622 | 0.63038 38 1.5 6.8
Sirigu/Bikundooni 10.92434 | 0.93056 6. ] 0.5 3.3
Sirigu/Bikundooni 1025250 | 0.93060 6.0 0.7 5.4
Sirigu/Gunwokgor 10.92994 | 0.92990 42 1.1 4.9
Sirigu/Gunwokgor 10.93002 | 0.92870 2.1 3.1 |4
Sirigu/Gunwokgor 10.92725 | 0.92976 4.6 0.5 1.6
Sirigu/Gunwokgor 10.92812 0.9279 2.7 1.1 3.3
Sirigu/Gunwokgor 10,92946 | 0.92815 9.3 0.6 Sy O
Sirigu/Gunwokgor 1093140 | 092833 0.4 1.1 82
Sirigu/Gunwokgor 10.93097 | 0.92955 4.0 1.3 8.1
Sirigu/Gunwokgor 2 | 092995 5.7 1.2 2.8
Sirigu/Gunwokgor 1092812 | 0.93064 % 0.9 4.8
Sirigu/Gunwokgor 10.92897 | 0.93034 8.1 2.3 5.8
—Sirigu/Gunwokgor 1093313 | 0.92687 8.1 1.9 6.2
Sirigu/Gunwokgor 1093199 | 0.92597 10.3 1.9 |
Sirigu/Gunwokgor 1093078 | 0.92578 27 0.7 2
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—1 : 3 4 5 6
Sirigu/Gunwokgor 10.93139 | 0.92672 14 10 14
Sirigu/Gunwokgor | 10.93261 | 0.92504 76 1.4 6.2
Sirigu/Gunwokgor 10.93301 | 0.92408 9.7 ) ?:5
Sirigu/Gunwokgor 10.93383 | 0.92567 6.8 1.3 5.5
Sirigu/Gunwokgor 10.93292 | 0.92600 4.1 1.1 3
Sirigu/Gunwokgor 10.93214 | 0.92749 4.3 i3 3.1
Siriguw/Gunwokgor 10.93273 | 0.92739 §.4 0.5 7.9
Sirigu/Gunwokgor 10.93227 [ 0.92802 8.8 2 6.8
Sirigu/Gunwokgor 10.93539 | 0.92493 0.8 17 8.1
Sirigu/Gunwokgor 10.93499 | 0.92402 11.6 I:5 4.5
Sirigu/Gunwokgor 10.93433 | 0.92361 7.0 1.0 6
Sirigw/Gunwokgor 10.93404 | 0.92441 9.6 23 7.3
Sirigu/Gunwokgor 10.93501 0.92199 16.7 1.2 15.5
Sirigu/Gunwokgor 10.9605 0.92285 10.0 2.0 8

Pokmulingo Sirigo/Zokor | 10.93742 | 0.92281 14.2 1.0 13.2
Pokmulingo Sirigo/Zokor | 10.93714 | 0.92131 7.0 1.3 .
Pokmulingo Sirigo/Zokor | 10.93647 | 0.92045 7 6.8 1.8 5
Pokmulingo Sirigo/Zokor | 10.93759 0.9199 8.6 ].3 Ji%
Pokmulingo Sirigo/Zokor | 10.93826 | 0.92049 7.9 0.7 7.2
Pokmulingo Sirigo/Zokor | 10.93912 | 0.920551 9.2 0.7 ]
Pokmulingo Sirigo/Zokor | 10.93994 | 0.92146 6.2 1.4 4.8
Pokmulingo Sirigo/Zokor | 10.93917 [ 0.92190 1.7
Pokmulingo Sirigo/Zokor | 10.93797 | 0.92242 11.6 09 10.7
Pokmulingo Sirigo/Zokor | 10.93832 | 0.92127 T | 0.7 6.8
Pokmulingo Sirigo/Zokor | 10.93704 | 0.92196 8.4 | 3.0 5.4
Pokmulingo Sirigo/Zokor | 10.94128 | 0.92055 7.6 0.7 6.9
Pokmulingo Sirigo/Zokor | 10.94053 | 0.92083 13.0 | 2.8 | 102
Pokmulingo Sirigo/Zokor | 10.94238 | 0.92024 6.8 e
Pokmulingo Sirigo/Zokor | 10.94329 | 0.91986 92 0.9 8.4
Pokmulingo Sirigo/Zokor | 10.94392 | 0.9194] | 7.4 0.6 | 635
Pokmulingo Sirigo/Zokor | 10.94304 | 0.918%4 5.6 1.0 4.6
Pokmulingo Sirigo/Zokor | 10.94391 | 091784 | 2 1.2 0.9
Pokmulingo Sirigo/Zokor | 10.94326 | 0.91717 6.6 0.9 3.7
Pokmulingo Sirigo/Zokor | 10.94208 | 0.91858 T 1.8 5.9
Pokmulingo Sirigo/Zokor | 1094145 | 0.91914 8.3 0.8 7.5
Fﬁkmulinguﬁirigda’zfcrknr | 1004659 | 0.91997 5.5 1.4 4.1
Pokmulingo |
Sirigo/Kadare 10.94659 | 091714 7.2 0.6 5.6
-+ Pokmulingo ' s
Sirigo/Kadare | 10.94579 | 0.91689 4.0 1.7 23
Pokmulingo
Sirigo/Kadare 10.94472 | 0.91642 3.4 2.4 |
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1
Pokmulingo : ? - 2 ¢
Sirigo/Kadare 1094464 | 0.91529 3.1 e I
Pokmulingo ==
Sirigo/Kadare 10.94573 | 0.91500 7 2 1.0 1.7
Pokmulingo
Sirigo/Kadare 10,
F‘Qﬁmuﬁngg 0.94706 | 0.91486 7.5 2.9 4.6
Sirigo/Kadare 10.94637 | 0.91575 7.8 L.J 6.7
Pokmulingo
Sirigo/Kadare 10.94709 | 0.91632 20.0 2.0 12.3
Kadare/Yua 10.94755 | 0.91491 53 1.0 4.3
Yoawa 10.94679 | 0.91434 4.2 11 3.1
Kadare/Yua 10.94677 | 0.91309 2 1.5 2.7
Kadare/Yua 10.94826 0.91324 L8 1.4 4
Kadare/Yua 10.94911 0.91147 8.1 0.9 i)
Kadare/Yua 10.95060 | 0.91263 10.4 2.1 8.3
Kadare/Yua 10.94945 | 0.91334 3.8 0.9 2.9
Kadare/Yua 1095043 | 0.91363 5.8 2.1 3.7
Kadare/Yua 10.94919 0.91455 1.6 1.1 2.3
Kadare/Yua 10.94824 | 0.91580 8.8 0.6 82
Kadare/Yua 10.95190 | 0.91156 5:7 1.6 4
Kadare/Yua 10.95085 | 0.91057 11.8 7.8 4
Kadare/Yua 10.95102 | 0.90940 16.1 2.1 14
Kadare/Yua 10.95029 | 0.90893 10.0 30 7
Kadare/Yua 1095112 | 0.90804 54 1.5 3.9
Kadare/Yua 1095140 | 0.590705 29 1.0 | 1.9
Kadare/Yua 1095270 | 0.91248 5.5 2.8 2.7
Kadare/Yua 10.52880 | 0.91333 8.3 k73 7.2
~ Kadare/Yua 1095201 0.90825 7.2 |5 0.1
Kadare/Yua 10.95311 0.90763 38 1.0 2.8
Kadare/Yua 10.95283 | 091024 | 5.3 2.8 2.5
Kadare/Yua 10.95360 | 091135 49 0.5 4.4
Kadare/Yua | 10.95191 | 091411 6.0 1.6 4.4
Kadare/Yua 10.95066 0.91486 8.8 1.0 7.5 f
Kadare/Yua 10.95304 | 0.90580 16.6 3.8 128 |
Kadare/Yua 10.95172 | 0.90538 8.8 1.4 8.4
Kadare/Yua 1095213 | 0.90415 8.9 0.6 3.3
Kadare/Yua 1095291 | 0.90363 7.2 1.3 5.9
Kadare/Yua 10.95166 | (.90284 8.1 1.0 7.1
+— Kadare/Yua 1095173 | 0.90169 206 0.9 19.7
Kadare/Yua 1095175 | 090016 15.1 1.0 10.8
Kadare/Yua 10.95378 | 0.89940 13.9 3 10.9

e T
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' 2 3 4 5 6
Kadare/Yua 10.95331 | 0.90239 5.5 1.4 4.1
Kadare/Yua 10.95469 | 0.89842 10.2 6.8 34
Kadare/Yua 10.95383 | 0.89731 8.5 1.5 7
Kadare/Yua 10.95316 | 0.89784 19.1 1.6 13.6
Kadare/Yua 10.95468 | 0.89763 5.0 1.0 4
Kadare/Yua 10.95589 | 0.89771 4.7 1.2 3.5
Kadare/Yua 10.95689 | (0.89888 9.5 0.6 8.9
Kadare/Yua 10.95808 | 10.89859 5.2 0.8 4.4
Kadare/Yua 10.95693 | 0.89922 11.2 1.9 9.3
Kadare/Yua 10.55558 | 0.89891 18.8 2.0 16.8
Kadare/Yua 1095945 | 0.89792 6.7 2.7 4
Kadare/Yua 10.95982 | 0.8968 10.3 1.2 9.1
Kadare/Yua 10.96073 | 0.89582 8.5 1.2 1.3
Kadare/Yua 10.96155 | 0.89467 6.4 2.5 3.9
Kadare/Yua 10.96332 | 0.89486 10.5 1.5 9
Kadare/Y ua 10.9624 | 0.89579 10.5 1.5 9
Kadare/Yua 10.96093 | 0.89768 8.8 0.6 8.2
Kadare/Yua 10.96034 | 0.89944 6.2 1.4 4.8
Kadare/Yua 10.96284 | 0.89255 6.2 1.4 4.8
Kadare/Yua 10.96185 | 0.89329 12.1 1.2 10.9
Kadare/Yua 10.96394 | 0.89418 16.1 1.0 12,7
Anateem 0.98219 | 10.81665 3.6 0.7 2.9

Anateem 0.98666 | 10.81667 32 1.3 1.9

Anateem 099112 | 10.81665 2.2 0.8 1.4

Atababa 1.00624 | 10.81666 2.6 1.6 !

Anateem 0.98519 | 10.82899 3.3 22 .1

Kandiga Junction 1.00008 | 10.83941 3.9 2.2 B,

Anateem 0.97253 | 10.83255 2.6 1.7 0.9

Anateem 0.98344 | 10.80946 31 1.9 1.2

Ativuroum 0.9831 10.85002 2.1 0.9 2

Kologa 0.9329 | 10.85003 2.3 0.7 1.6

Kologo 0,94496 | 10.8501 8.6 .4 4.4

Kologo 0.941667 | 10.841667 4.8 0.6 4.2

’- Akomkongo 099167 | 10.83333 8.2 1.1 5.9

Azeadima 0.975 | 10.83333 3.8 2.7 1.1

Azcadima-Agandas | 0:96667 | 10.88333 | 56 2.2 23

Kandiga-Azuredoone 0.95833 | 10.88333 16.8 1.5 14.2

Kurigu 0.95 10.88333 5 1.4 2.7

1 Kurigu Akamo 0.94167 | 10.88333 2.1 0.8 1.3

Akamo 0.94504 10.87132 17.1 2.4 114

Kaase Awuaboka 0.975 10.875 2 . 1.3 0.7
ﬁ
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1 2 3 1 5 6
Kaase Akamo 095667 | 10.87512 12.5 1.2 89
Akawanma Atiyuroum 0.8 10.86167 4.3 2] |.6
Atiyure 0.92667 10.86021 20 I 17.9
Gamboringo 0.91167 | 10.86333 32 1.1 1.1
Gamboringo 0.90002 | 1088333 4 0.8 32
Agusi Gamboringo 091333 | 10.88332 7.1 0.4 35
Agusi Guoaso 0.92501 | 10.88333 8.3 1.4 6.2
AgUS| 0.91667 | 10.87504 9 1.2 6.2
Apusi 0.90833 10.87505 8.6 4.4 1.4
Zorkkor 0.87667 10.90188 s |.4 -
Zorkkor Tiabisi 0.89318 10.90149 7.5 1.2 6.3
Gamboringo 0.91344 10.89574 3.8 kil 27
Kanga Gamboringo 0.91667 | 1090012 12.3 1.3 11
Zorkkor Gamboringo 0.89002 | 10.89167 13 1.3 B b
Zorkkor Tarongo 0.88332 | 10.90833 12.3 I 11.3
Zorkkor Kanga 0.88333 | 10.91667 8.8 2.2 6.6
Zorkkor Goawu 0.89667 | 10.91667 10.] 1.6 4.5
Zorkkor Kanga 0.91833 | 1090833 9.8 I 8.8
Zorkkor Kodorogo 0.91001 10.91667 7.8 0.7 %l
Zorkkor Kanga Abu 0.92333 | 10.91667 3.5 3.8 0.1
Zorkkor Kanga 0.92512 | 10.90667 20 3.5 16.5
Bembisi Longho 0.94167 | 10.91667 3.3 22 1.5
Bembisi Longho 0.95333 10.91667 8.2 2.4 5.7
Bembisi | 0.96502 10.91667 7.8 1.7 6.1
Zorkkor 0.90833 | 10.90667 9.6 1.7 7.9
Kandiga 0.97011 | 10.89167 38 1.5 2.3
Kandiga Longho 0.96012 | 10.90001 2.7 1.6 1.6
y Kandiga Longho 0.96002 10.90021 1.5 285
Kandiga Kurigu 0.95833 | 10.89167 b % 0.8
Kandiga Kurigu 0.94667 | 10.89667 8 [ige =il TR
Kandiga Kurigu 0.94667 | 10.90833 3.2 I 2.2
Kandiga Longho 0.97022 1090333 10.5 2 8.5
Nayorogo Sambulungu 0.8635 10,95 10.4 3.7 6.7
Nayorogo Sambulungu 0.875 10.95 7.1 0.6 LGSR L
Abokobisi Sambulungu (0.885 10.95 2.6 0.9 1.7
Abokobisi | _o0s95—| 1095 8.3 0.9 7.4
Yongo 0.965 10.95 4.7 3.4 7
~ Sirigu 0,955 10.95 3 0.7 2.3
i Sirigu Dazongo 0.945 10.95 2.1 0.6 1.3
Sirigu Gunwoko 0.935 10.95 10.2 . 1.7 8.5
Sirigu 0.925 10.95 13.8 ' 3 Tl
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%

. : 3 4 5 o
Kandiga Bembisi 0.945 10.925 2.9 0.8 2.1
Kanc}iga Bembisi 0.945 | 10.93333 5.1 I 4.1

Sirigu Bico 0.93 10.92667 59 I 49
Mirigu Nyong 0.95667 | 10.93333 1.5 29 4.6
Mirigu Nyong 0.95833 | 10.94167 9.5 0.9 8.6

Sirigu Gunwonko 0.93 10.94 44 1.4 3

Zorkko Kordorogo 0.91667 10.925 6.6 0.6 6
Zorkko Kordorogo 0.91333 10.935 23 0.8 1.5
Zorkko Kadare 090667 | 10.94167 9.3 ] 8.3
Kadare 0.89667 10.93667 2.7 i3 1.4
Zorkkor Goo 0.90667 10.925 1.6 1.7 3.9
Bongo Balungu 0.88333 | 10.93333 8.5 1.9 6.6
Bongo Balungu 0.875 10.94167 13.3 1.2 12.1

Sambulungu 0.89 | 1094333 £F0 0 1.1 3
Kadare (0.895 10.92333 il 2.1
Sambulungu (.86833 10.955 8 1.6 0.4
Sambulungu 0.875 10.955 6.3 1.7 4.6
Abokobisi (0.88667 10,955 2.7 0.9 1.B
Sambulungu Sikabisi (.86333 | 10.96333 7.4 0.9 6.5
Sikabisi 0.87 10.96333 5.8 4.1 1.7
Sikabisi (,87833 10.96333 5.6 fd 4.4
Kadare Sambulungu ().88333 10.965 4 1.4 2.6
Abokobisi 0.88833 | 10.96167 11.2 1.5 9.7
' Sirigu 0.91333 10.96333 | 9.3 0.8 8.5
Yua 0.90667 | 10.96333 7.6 0.9 6.7

Sirigu 0,92667 10.95667 ~ LIS 4.2 7.1
Sirigu 0.93833 | 10.95667 13.6 125 E2:

Sirigu 0.94167 1096167 S, D 0.8 7
 Sirigu Dazong 0.95667 | 10.95833 32 LS 1.7
Sirigu Natugma 0.95833 10.965 5.2 1.8 3.4
Sirigu Basaigo Abola 0.93 1096167 9.5 0.8 8.1
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Hydrogeological and Hydrochemical Framework of Groundwater for Irrigation
Sub-basin of the White Volta Basin

in the Atankwidi

Appendix 3: Grading curves on semi- logarithmic sheet of soil samples
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Hydrogeological and | Iydrochemical Framework of Groundwater for Irrigation in the Atankwidi
sub-basin of the White Volta Basin
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Hydrogeological and Hydrochemical Framework of Groundwater for Irmigation in the Atankwsd
sub-basin of the White Volta Basin
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Hydrogeological and Hydrochemical Framework of Groundwater for Irrigation in the Atankwidi
sub-basin of the White Volta Basin

Appendix 4: Grading curves of soil sam

ples on ordinary sheet for Alvamani and Sen
formula. %
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Hydrogeological and Hydrockemical Eramework of Groundwater for Irrigation in the Atankwidi
sub-basin of the White Volta Basin
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Hydrogeological and Hydrochemical Framework of Groundwater for Irrigation in the Atankwidi
sub-basin of the White Volta Basin
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Hydrogeological and Hydrochemical Fromework of Groundweter for Irmigation in the Atankwsdi

sub-basin of the White Volta Baxin
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Hydrogeolaogical and Hydrochemical Framework of Groundwater for Irrigation in the Atankwidy
sub-basin of the White Volta Basin

Appendix §: Results of Hydraulic conductivity computations

SAMPLENO. | LOCATION |Ij(mm) |do(mm) | dso(mm) | K (m/day)
I Atankwidi | 0.0021 0.0039 | 0.048 1.33 % 107
2 Akoka 0.0023 0.0038 | 0.039 1.32 = 107
3 Kaase 0.0022 0.004 0.053 1.52 % 107
4 Kaase 0.0022 0.:0039° | 0.047 1.40 x 107
3 Akamo 0.0022 0.004 0.05 1.46 = 107
6 Kurugu 0.0021 0.0037 | 0.045 1.28 = 107
7 Sirigu 0.0023 0.0038 [ 0,042 1.38 % 107
8 Bembisi-Sirigu | 0.0022 0.0039 | 0.04 1.25 x 107
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