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To evaluate the i ionship between itoring and
production boreholes in the Upper West region of Ghana, a total of 192
boreholes were studied. Out of these, 23 are monitoring boreholes and 169
are production boreholes. The types of aquifers being tapped by these
boreholes have also been identified to determine the adequacy of the existing
network of the monitoring boreholes.

The region is underlain by basement complex rocks. The rocks are

composed of granites, orites and granite-g: !
voleanics, schists and phyllites of the Birimian formation occur along the
western portion of the study area.

Three aquifer types were identified from geologic logs and drillers logs
in the Upper West region. These are the weathered rock aquifers, the

fractured unweathered rock aguifers and the fractured quartz vein aquifers.
‘These aquifers are inter-related and where they occur in combination with
thick overburden, yields are enhanced in such boreholes.

Statistical analysis such as correlation and regression analyses were used

the relati properties, while the Theis
(1935) Recovery and Cooper-Jacob (1946) methods were used to evaluate the
aquifer characteristics.

There is a significant relationship between overburden thickness and
yields in the study area. About ninety percent of the boreholes studied have
averburden thicknesses exceeding 1S m with vields of not less than 10 /mi
Generally. yields range between 4.5 Vmin. and 270 1/

n the 192
boreholes. The mean and standard deviation are 25.4 1/min and 20.3 Vmin

respectively. Close values of the mean and standard deviation of the borehale

vields indicate the heterogeneous nature of aquifers in the area.
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An average decline of 4.1 m in static water levels was observed in the
region. This was attributed to reduced recharge, low rainfall, high rates of
evapotranspiration, increased surface run-off and excessive withdrawal of
water from the boreholes.

Transmissivity values computed using the Cooper~Jacob(1946) method
ranges from 1.2 m*/day to 108.2 m*/day in 47 boreholes. The mean and
standard deviation values are 35.2 m*/day and 30.1 m¥/day respectively. The
closeness of these values, again explains the wide variations and extremity in
transmissivity values of basement rock aquifers in the Upper-West region.
The Theis(1935) Recovery method was used to compute the transmissivity
values of six boreholes. The values range from 19.5 to 213.4 m/day, while
those calculated using the Cooper-Jacob (1946) solution technique from the
id 183.4 m*/day.

It was noted that more accurate transmissivity values were obtained

same borcholes range between 24.5

from the Theis (1935) Recovery method than obtained from the Cooper-Jacob
(1946) method.
Step-drawd, results used the borehal iencies of five

borcholes after one hour of pumping indicate that none of the boreholes

analysed have inefficiencies exceeding 75% in the study area.
Finally, the studies

ndicate that there exists virtually little or no
hydrogeological relationship between minety percent of the monitoring
boreholes and the production boreholes

5 hence the 23 monitoring boreholes

established across the region are not adequately monitoring the groundwater
levels of the arca. They are also not representative of the production

horeholes in the study area.
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CHAPTER ONE

INTRODUCTION
BACKGROUND

Groundwater serves as an engine of growth in many arcas of the world where

surface water resources are inadequate o unreliable. While incomies and produs
have risen, 1 some cases water tables have fallen

Conscious management of the resource s therefore necessary (o forestall
adverse effects on the econonty and the enviconment including fand subsidence,
depletion of the resovrce and deterioration of the water quality.

In an atiempt to iprove the quality of life of the people and also to combat
the incidence of water-borie and water-related diseases in the Upper West and Upper
East regions, the Ghana Water and Sewerage Corporation (GWSC) in collaboration
with the Canadian International Development Agency (CIDA) have from 1973 to date
drifled 2,600 boreholes to expand the water supplies for the two regions. Prior to this
project. ather drilling activities by some agencies had taken place in these regions.

Amang the 2,600 burcholes drilled, 1018 are located in the Upper West
region In addition o these. the Catholic Diocese of Wa also sponsored the dnilfing
of a further 350 wells 1o augment the supplies of water in the region

A network of 54 observation wells was established across the two regions
Among these. 23 of the observation boreholes are found in the Upper-West region
and supposed 1o be monitoring the groundwater resources of the region. However,

it is doubtlul whether the data from these ohservation wells adequatcly rey o the

hydrogeological situation in the Upper-West region
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Considering the wide distribution of boreholes and the heterogeneous nature
of aquilers m the region. 1t is necessary that appropriate measures are laken 1o
monitor the behaviour of aquifers in this peculiar situation.

As a result, this research undertaken for the Upper Regions Community
Water Project (COWAP) was conswdered under the Action Research Fund and the
Natonal Stategic Investment Progeamime (SIP) to study the 23 observation borcholes
in order 0 assess whether they are really representative of the production boreholes

and to identify the type of aquifirs these wells are tapping

HISTORY OF WATER DEVELOPMENT

Belore groundwater becanic a major source of water supply in the study area
for both urban and rural populations. hand-dug wells, dug-outs, ermitient streams,
v water harvesting and ponds scrved as the main water sources for the rural
dwellers. However. pior o the 1973 project in the Upper West region, a few drilied
borcholes existed in the towns.

Most of the watcr sources do not last the dry season due to excessive
evaporation resulting from high mperatures and low humidity. Hence, the people
depend on the temporary dug-outs along stream beds for water. These sources are
invariably heavily contaminated and are causes of the spread of water-borne discases

such as cholera. pumnca we

and inlharzia among the people
Consequently. the use of groundwater has become necessary since 1973 when
the Ghana Water and Sewcrage Corporation and the Canadian International

Development Agency llped 1o curb the problems of water shortages in the region.
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yewrs, the Catholic Diocese of Wa, Water A, Danish

Also. m rece
International Development Agency (DANIDA) and other non-governmental
organisations have provided clean potable water to most of the rural populations for

domestic use

jes are supplied with water from wells filed with hand

The rural com

pumps whercas urban communities with schools. hospitals and towns obtain water

tom wells titted with fuel pumps

Project is therefore involved ™

The Upper Regions Community Water
new water sources for the people and examining the hydrogeological aspects of pump.
replacement as well as land use and environmental impact on waer resources (o

further develop the groundwaler resource base of the region.

\IUR

Crystalline bascuent terrains s tropical and sub-tropical regions are now in
e process of very extensive development as a readily available alternative souree of
waler supply for most rural populations.

Gustafson and Krasny (1994) discussed that the importance of hard rock
aquifers for hydrogeological and water management issues differs from place to place
and depends mainly upon the overall availability of water and water demand. This is
evident in many countries where surface water is unreliable as a major source of
water supply

Studies conducted on basement aquifers by Reboucas and Cavalcante. 1982:

hulion and Smith-Carmgton. 1984 indicate that the prescice of a relatively thick

ted reeolith is of crial significance in terms of grounds ater storage
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Banocng-Yakubo (1989) noted that the occurrence of groundwater in
crystalline basement rocks of the Upper Repions depends 1o a large extent on the

turated regolith and the aguifer depth, He further noted  that

thickness
(ot apli, inghs are arcas where recharge to the aquiters take place and (pographic
Jows i wrcas o natural discharge

Wraght et al (1985) reporicd that Ingh sustained yields are 1o be expected
where boreholes penetratc a significant thickness of saturated permicable overburden
and it tractured bedrock with both sections screened. They also observed that
fractured bedrock tend (o have high transmissivity but low storativity contrasting with
the clayey overburden of low to moderate transmissivity but high storativity. These
aquiter characteristics depend mainly on the extent of fracturing and weathering
oxcurning n the tocks

However, aquilers i the crystalline basement of the Upper Regions are

charavterised by low transmissivities and reporied to have variable hydrautic

characteristics over short distances CIDA/GWSC (1980)

The average yield 10 be obtained from a group of wells can be cstimated
where sufficient data on existng wells are available. Heath (1976) reported that since
the yield of a gioundwater system depends on the areal extent of the aquifers

e

prising the sysiem and the hydrologic nature of their boundarics. the most
Praciical way o determine the exient of such aquifers 1s to ohserve the regional
contnuity of water levels or to collect data at widely-spaced observation wells to

emure umintcrrupted hydralic continuity.
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Groundwater assessment in the crystalline terrains of Ghana conducted by
Gills (1969) estimated that about mnety percent of boreholes drilled in crystalline
basement rocks up fo a depth of about 34 m (110f) will have yields adequate for
hand pump nstallation if the boreholes penctrate the entire zone of partially
decomposed rock down 1o the level of relatively fresh rock

Feasbility studies (0 investigate the existing water supplies of Wa in the Upper
West region indicated that the causes of the diop m water levels was due to the

ning of the groundwater reserves where abstraction exceeds recharge, and the life

of likely 10 be limited (Humphrey and Sons, 1970). They
further discussed that the period aver which this abstraction rate could be sustained
is & function of the transmvissibility. the storage coefficient, the depth of the aquifer
and the amount of natural recharge

In the final hydrogeological report for the drilling programme in the Upper
Regicns, CIDA/GWSC (1980). it was stated that in choosing observation wells in the
feguois, particular considetation was given (o wells with high yields and low
drawdown. The static water levels in these wells were only taken after the wells
recovered afler pumping. provided the effect of pumping immediately prior to
oblaining the satic water fevel was minimized,

The amount of water available o recharge i basement aquifers depends
mawly on the annal total rainfall. However. Bannerman and Ayibotele (1984), and
Pary et al (1987) estimated an average recharge between two and three percent of

the annual rainfall in the Upper regions of Ghana



University of Ghana http://ugspace.ug.edu.gh

tinous monitoring of groundwater systems throughout

“The need for the c:
Ghana so as to generale dala for management and planning purposes can be achieved
theough density determination using information on geology and climate as suggestcd
by the Water Resources Rescaich Institute (1990)

UNEP/WHO (1987) proposed that the monitoring system of wells need to be

trengthened. Observation wells must be representative and the variables must have

the same values as the production wells. Furthermore, accessibility 1 an important
consideration for the momtoring crew. particularly i regions exposed 1o severe
climatic conditions.

In order to establish regional trends with which to manage aquifers in the
crystalline rocks of the Upper regions, Bannerman and Ayibotcle (1984) suggested
that due to the hetcrogencous and localized nature of these aquifers, the most efficient
way to monitor production boreholes is o use the production horeholes themselves,
in that a pumiber of borcholes in the arca 1s selected and taken as a sample of many
isolated aquiters thought 1o be in the region

They i stated that there has been no significant decline of water levels in

the Iwo regions over a twenty-year period since the average water level change over
this period 1 considerably smalier than the seasonal fluctuation of water levels
Daniel (1990) reporis that the only way o ensure the most efficient operation
o wells o closely monitor water levels and pumping rates. Water levels in the
pumped well are measured rownncly Data from a monitoring programme are used
W track aquiler performance Knowledge of this is vital for an optimum utilization

of the groundwater resources
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Stallman (1971) also discussed that the accurate location of observation wells
with reference to the position of production wells is especially important in a
heterogeneous or anisotropic aquifer. This is necessary so that the data obtained can
be cffectively used 1o portray the aquifer characteristics

According to Akiwumi (1994) the sigaificance of a groundwater monitoring
network in any country cannot be lett unmentioned. In many developing countries,
the Lost of establishing this network is expensive due to limited resources. The lack
af logrstical support for data collection teams makes continuous monitoring ditficult,
hence data s often unreliable

Groundwater tesources necd (o be tatonally managed to prevent the
deterioration of groundwater guality and the side effects on the environment Xiao

(1994) discussed that a primary groundwater monitoring network should be

10 support the ground policy at 4 mational or regional
sale so that information collecied trom this network may provide the basis for
zroundwaler resource planning. nanagement and hydrogeological studies.

Groundwater studics conducted by Mallari (1959) in the Upper regions of
Ghana show that there 1s a general low nitrate concentration in the region with a
mean value of 1.5 my/hire Only one sample with nitrate concentration higher than

9 me/lities, but lower than 10 m/litres was encouniercd. Pelig-Ba et al (1985)

recorded nitrate levels as high as 127 me/litre in some boreholes in the Upper West

tegion. These wolated high values may probably be the result of local pollution.
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The primary objective of this swdy is to evaluate the hydrogeological
relationship between monitoring borcholes and production boreholes in the Upper
West region
Other objectives include the following:
4y To identify the types of aquifers that the monitoring and production boreholes

are tapping in the region and
by Based on the fndugs of the primary objective, i gencral review of the

monitoring wells network structures would be put in place.

The study would theretore contribute to the understanding of the groundwater
potential and occurrence in the region as well as establish hydrogeological conditions
required for the location of monitoring wells in crystalline basement terains, and
ke present a status for the future trends n all aspects of groundwater resources.

uulization and development

DOLOGY
e ncthodology adopted 1o achieve the purpose of this study comprised

mainly Data Collection, Data Awalysis and Interpretation.

DATA COLLECTION

T involved the following

4 The review and siudy of existing literature on groundwater in crystalline
hasement. rocks. the collection of borehole logs on the 23 monitoring

bareholes and 169 chosen production boreholes
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This information was obtained from the COWAP/GWSC Office in the study area.

Field studies. including the measurement of the static/dynamic water levels of

b)
the monitoring and sampled production boreholes that are distributed in all the
five districts of the study area with a well sounder (Water Level Indicator-
SOLINST P2/M/80M)

5] The Global Positioning System (GPS GARMIN 75) instrument was used (o

locate the position and clevation above sea level of the production and
monitoring boreholcs.
&) Relate the location and clevation of the 23 monitoring boreholes and 169

sampled production bareholes to the geology and hydrogeological conditions

of the arca
RATA ANALYSIS AND INTERPRETATION

4 Data analysis involved the detailed studies of the existing geological reports,
Dydrogeological reports. miaps and borehole logs of the study arca with the
view 1o categorizing the observation and production boreholes to identify the

type of aquifers they mon

or.

b) From the analysis, the percentage of the observation horcholes that tap the
Imain aquifer types was determined. the same was donc for the sampled
Production boreholes

€ Am evaluation of the hydraulic characteristics of the boreholes from the
available logs and ata was performed

4 From the study of the available and currently measured static water level data

on borcholes, the trend in static water Ievels over the years was established.
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tages mdicae whether the main aquifer

€ The established results anmd perce
types arc adequately momtored by the exisung retwork of wbservation
borcholes.

) Similasly, the corrclation and regression analyses helped to establish whether
there exisis any similarity 1n the borehole propertics in the different rock types
in the region respective of their spatial and locational ditlerences

@ Bawd on the lidigs. maps and graphs elating the vanous aquiter and

horehole parameters were piepared.

SOURCES OF DATA

Twenty three observation boreholes and a sample of one hundred and sixty-
wine production boreholes were chosen from the main data base of about 1,018
boreholes in all the districts of the Upper-West Region from the COWAP office.
Particular consideration was given (o high-yielding wells, though ata from some low-
yielding wells were included. In addition, data from some redeveloped borcholes were
abtained from the Technical team at the COWAP office in Wa.

Data obiained for analysis were derived from the pre-project boreholes drilled
between 1954 and 1974, and borcholes completed by CIDA/GWSC between 1975 and
1979. Some of these boreholes are mechanized, whereas others are fitted with hand
puimps

Data for exaluation of aquifer properties of some production boreholes in the
Wa North and South well fields were oblained when pumping test was performed by
the Kunast Deilling Unit team of the Ghana Water and Sewerage Corporation in the

"«

£1on duting the study perod
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Information on some borcholes selected for the study was obtained from data
provided by the Catholic Divcesc of Wa and the Water Resources Rescarch Institute.
Acera. “This infonmation included borehole records and hydrogeological reports.

“The Meteorological Services Department of the Upper West Region made data
available on the annual rainfall ttals in millimetres covering a period of twenty seven
years. Other mfurmation obtained from the department included the mean monthly
temperaturcs, the mean daily minimum and maximun temperatures in degrees Celsius

and the monthly relative humidity data in percentages
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CHAPTER TWO

PHYSICAL SETTING OF THE STUDY AREA
XTENT

LOCATION AND AREAL E
T Vpper West region s within latitudes 9°40°N - 11° 00°N and longitudes
130°W - 2S5°W It is ne of the ten administrative regions of Ghana
“The region is divided into five districts namely Wa - which is the regional

irapa- Lambussie. Lawra and Tumu districts (Figure 1), The region

capital, Nadowli
and

covers an area of 18,476 km’ It is bounded in the cast by the Upper East reg
0 the south by the Northern Region It is also bounded hy the Republic of Burkina

Faso 10 the north and west

RELIEF

e study arca s characierized by a flat and gently undulating topogeaphy
Ihe rehiet tanges from SO m o 300 m. However, clevations as high as 400 m are
quite common Flatlands arc prevalent, whilst low and gentle hills form the main
relief features. The undulatng terrains have paiches of rolling plains scatiered
throughout the area. Hills often form ridges stretching over tens of kilometers (ridgy
topography). These idges show a close relation o the geology of the arca stretching
along the strike of most tock masses

[ gencrally subdued topography coupled with the low ramfall has led to the
develupment of poor dramage systems and poorly-defined valleys over cxtensive
areas. However, where large tibutaries of the Black Volta river occur, well-defined

valleys are found.



University of Ghana http://ugspace.ug.edu.gh

T T
5 o

i 7]

O m e,
7

STUDY AREA:
PPER WEST
REGION

N e
WP
it L

N

nternational
Boundary

{ = ——Regional Boundo
> * Reglonal Capital

N

NOR T wEm N
<
H Tamale s
£
< HEGION
o \
‘-‘\ e .. 3
Y 1
& § ~
\ S5 [{—
\~/ﬁ . N
e
BRONG- AHAFO  REGION
i
/ 7 [ Y
R i <
$ e 71
. J SHaNTI v;
A s REGION Y, s
4 9 . <
i ¢ oKuman [ > Mo
/ N\ 7 ) EasTern [ e
\ v /' Recion %
\'l 4 % { -
. NN Kotorigua®s 3= :
O T | PR e
L Recion N e O~
-~ i ¢
i ) centrac iy oNsaTEn
l’; L _REGION REGION
D
. -
3 \ Cope Coast -
o 80Km
Ve 8

2* "

A MAP OF GHANA
STUDY ARE

Flg.1 SHOWING LOCATION OF THE
A UPPER WEST REGION



University of Ghana http://ugspace.ug.edu.gh

CLIMATE
“The region falls within the Guinea Climatic zone and is mainly influenced by

tw air masses; the North-East Trade Winds and the South-West Monsoons. This
clismate is tropical in nature and characterised by two main seasons - the wet and dry
seasons

“The two air masses. that is: the North-easterlies and the South-westerlies,
which converge at the Inier Tropical Boundary (ITB) are controlled by two
subtropical high pressure belts (Tandoh, 1985).

The south-west nonsoon (hat blows over the region contains a great deal of
water vapour which it collects during its long journey across the sea. Its influence is
experienced during the wet scason. This season is rainy and starts from April to
Septcmber. The months of April. May, June and July have rains of short durations
with high intensivies. Ratas are often preceded by thunderstorms and lightning. The
mean monthly rainfall in May is about 115 mm. However, the peak rainy period

oceurs (rom August 1o Seplember, where there are

ore rainy days than dry Jays.

Rawns are continuous with low intensities and relatively cool days

Mean monihly ratall as high as 900mm is experienced during the rainy
periods in the region. Pobedash (1965) mentioned in his survey that rainfall in the
region is in the form of tropical rainstorms and about thirty five to forty percent of
rain s recorded during the peak ramy scason and annual precipitation averages about
1200mm

Fihe North-east trade winds blow from the heart of the Sahara-Arabian desert
amd it is associated with dry, cool winds known as the Harmattan. This period
normally occurs in the months of December, January, and February. Humiditics are

Tow and there are no rains and might dew
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coupled with a permanent inflow of hot. dry wind from the Sahara results in

high evaporation and transpiration rates which eventually have deadly effects on some
plants in the arca.

The harmattan scason in the region is characterized by high day temperatures
and low temperatures at night. There is little condensation in the dry atmosphere
thereby resulting in @ general absence of rain clouds. However, occasional
thunderstorms are experienced in the afternoons or evenings. This period normally
occurs in the months of October. February and March.

Tewmperatures are relatively high ranging from a maximum daily emperature
of ahout 40° Celsius in March to a minimum of 15° C in January. The monthly mean
daily temperatures vary fiom 20° C in August fo 34°C in March. Generally the
average annual emperature i about 30°C

Relative humidity i May 10 September reaches fifty (o seventy percent (50-
70%) in the wet scason and drops 1o about 15% during the rest of the year. The mean

annwal relative humidity ranges from thirty seven (o forty six percent (37-46%).

EVAPOTRANSPIRATION

Evaporation and t.mpitation constitute major components of the hydrologic

eyele Thesc two processes, when they occur together s termed Evapotranspiration,
Itis the combined effect of evaporation from the surface and groundwater as well as
the transpiration of plants. where water is lost into the atmosphere. This depends

largely on the extent to which water 15 available at the surface.
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Owing 1o the high temperawres and heat expericnced in the Upper West
region. potential evapotcanspiration is very high. Estimates made by UNDP/FAO
(1967) indicate that on the basis of rainfall and runoff data. the actual
evapotranspiration averages around 890 mm and falls to 635 mm in dry years.
Banoeng- Yakubo (1989) reported that the rate of evapotranspiration is accelerated
through the combined effect of variable rainfall, temperature, humidity and sunshine

duration conditions.

T Upper West tegion is categorized under the Guinea Savanuah Woodland
type of vegetation (Figure 2). Short trees occurring singly of in clumps with light,
medium o denser grass covering the ground between them is prevalent in the area.

Patchy growths of woodland with moderate grass cover are occasionally
found. Ditferent species of trees such as Shea-butier, Baobab and Acacia trees are
very common. Stream channels are also dominated by denser trees and grass cover,
whilst marshy lands occur in some places.

The principal soils which cover the study area are the groundwater lateritic
sonls and savannah ochrosols. The lateritic soils are present at generally shallow
depihs below the soil surface and more or less of a cemented layer of wron pan
through which rain watcr does not casily penetrate. The exture is coarse. sandy-loam

+f developed over granites
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The savannah ochrosols are well-drained. porous, loamy soils if developed
over granites and Birimian rocks. They are mildly acidic (Dickson and Benneh.
1988) Generally the soil cover in the area is not thick: and the most fertile soils are

usually found in the valleys of rivers, streams and at the foot of hill siopes.

SURFACE WATER RESOURCES AND DRAINAGE,

Surface water, mainly dams, streams and the Black Volta river scrve as
alternatives to the groundwater resources to meet the increasing water demands of the
people in the region during the rainy scason. However, most of the surface water is
phemeral and dry up in the dry season. Only small pools of standing water remain
These pools and dams are easily contamsnated thiough agricultural and other human
activities

“The only perennial river in the region is the Black Vola. It flows roughly
from the north (o the south. Iis catchment area is very extensive and a large
Proportion of water is drained from its tributaries such as the Kamba, Pale and San.
The Kulpawn and Sissili rivers drain into the White Volta

The poorly-defined valley floors and depressions near the villages are
considered a5 steams. Such depressions make it difficult for any surface

impoundment 1 be undertaken since the catchment are

s too small and discharges
from them arc telatiely imadequate for the mcreasing population especially during

the dry seasoms
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The overall surface dramage system in the region is dispersed but patterned
10 a dense and dendritic manncr. increasing in density from the north towards the
south, However. the rectangular drainage pattern is also common and vceurs mainly
at areas where the rocks are jointed. Streams like the Aruba, Kule, Vetare, Pale.
Bele. Molebule and Nowenereme drain into the Black Volta and practically dominate

the entire drainage network of the Upper West region.

TABLE 1 LOCATION AND CATCHMENT AREAS OF SOME

STREAMS IN THE REGION (HUMPHREY AND SONS, 1970).

STREAMS LOCATION CATCHMENT AREA

(square kitometres)
Molebule Sing 421
Bele Charia 147.4
Pale a) P 1817
b) Kpongu 2134

¥

In 1984, the Upper West region had a population of 439,161 people in an area
of 18.476 km square and the population density was 17 persons per square kilometre.
Banncrman (1990) projecied that the expected growth by the year 2000 would

e

by 2.91% and the 1egion could have a population of 690,000 people. He

turther projected the population 1o five yearly inicrvals in the region as shown below.
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TABLE 2:  PROJECTED POPULATION AT FIVE YEARLY INTERVALS

IN THE REGION

1984 1990 1995 2000

439,161 521,637 602,083 692,938

As it is charactentic of Northern Ghana, about 75% of the population in the
tegion is rural. though urban migration has been on the increase in recent years. A
little over 50% of the people in the Upper West region live in the Wa and Nadowli
districts which constitute the lnghest concentration of urban population, followed by
the Lawra, Jitapa/Lambussie and Tumu districts respectively. A significant number
of people live in towns ke Nandom, Jirapa, Hamile, Kaleo, Tangasia and Dorimon.
‘This trend of rural-urban population concenirations is not expected to change much
by the end of the year 2000

The population of the area is concentrated in small settlements wsually located
at market centres and along the valleys of rivers. Rural setdlements are mostly
nucleated. The Tumu district has the lowest population density. This belt is generally
called the "Tumu gap™ mainly due to the difficult physical environment which

accounts for the large uninhabited strip of land.

PEOPLE AND OCCUPATION

The Dagaaba and Sissalas are the maia ethnic groups in the region whilst the
Wallas live within sculement units in and around Wa, the regional capital. The
Dagaaba eibe i the dominant ribe and they occupy most of the land arca mainly in
the Nadowli. JiraparLambussie and Lawra disiricts. The Sissalas are mainly found in
the Tumu district and pans of the Jirapa/Lambussie district, however (hese ethnic

RTOUPS are inter-related
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The districts are linked mostly by third class roads. The major road networks
providing communication with the rest of the country are the north-castern road
linking Tumu, Navrongo and Bolgatanga from Wa to the Southern part of Ghana and
the other runs due South from Wa and connects the area with the central parts of
Ghana. A denscly developed network of footpaths linking villages and settlcments are
prominent. In the rainy season. some of the major motor roads and third class roads
are sometimes not motorable due to fMloods.

A large percentage of the population is engaged chiefly in agriculture as a
source of livelihood. Farming and animal husbandry is common in the area Crops
such as yams, maize. millel, sorghum, groundnuts, cotton and rice are cultivated.
Cattle. sheep, goats. nd poultry are the animals reared for both commercial purposes
and domestic consumption. Cautle, yams and shea butter arc supplied from the area
to other parts of the country Other people living in towns engage in handicrafts,
weaving, leather tanning. pito brewing and peity trading. Fishing is also common

among people living along the Black Volta river.

Occurrences of both primary and alluvial gold have been detected at Lawra
and Duori in the study aca. Junner (1935) traced some aurifcrous quartz veins in the
locality of Duori.

Guld is also common in alluvium along the Black Volta down the vicinity of

Binity.
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Though the economic value of the ore found so far may not be promising. it will be
of practical interest for investors 1o undertake detailed prospecting in the area.
Manganese and graphite ore rescrves are found at Kambale and on the Wa-Dorimon
road respectively.

Granitoids occur in unlimited quanttties in the area and are used for roads and
other construction purposes. The cstablishment of a quarry in the arca particularly
along the Wa-Loggo and Wa-Bullinga-Ducic roads for the extraction of quarry stones
would be economically viable

Other mincral resources n the study area are chromum and iron ore located
in the Tumu district (Kesse, 1985). Concerns have been expressed in recent years for
the Government of Ghana (o0 begin exploiting the iron ore rescrves in the study area

at Pudo.
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CHAPTER THREE

GEOQLOGICAL SETTING AND HYDROGEOLOGY
GENERAL GEOLOGY
The region is generally underlain by crystalline basement rocks which form

onc of the main geohydrologic provinces of Ghana (Figure 3). The rocks are mainly

composed of granites. and granite-g; There are
volcanics. schists and phylites of the Birimian formation along the western portion
of the study area.

The crystalline basement of the African continent is formed by major suites
of the Precambrian rocks. Tie predominant lithological types are granitic-gncisses and
lower grade metamorphic rocks derived from  volcanic and sedimentary deposits.
Amongst the laticr, greenstone belts are especially prominent in some areas. Large
areas of more recent anorogenic intrusive rocks associated with major rifting are
included

I hus survey, Roudakov (1965) noted that the volcanic and volcanogenic rocks
include greywackes. fine tuffaceous sediments and cherts rich in manganiferous
sediments. These lithologies form a north-south belt of supracrustal rocks which
extend from the south-west of Wa o Ouagadougou in Burkina Faso. Plutonic rocks
are the most abundant tvpe i the arca and are composed of granitoid rocks some of

‘which are considered to be trusives.
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Roudakov (1965) carried out a regional mapping in the area and explained that
the fine grained twffogene sediments probably represenis reworked and primary ash
deposits which occur to the cast o Babile-Lambussic area. At the north-central part

in the Babile-Lawra aica are mafic volcanic rocks typical of greenstone belis

THE BIRIMIAN SYSTEAM

Junner (1935) diwided the Birimian system in Ghana into two senes The

Lower and Upper Biman serics Traditionally. Upper Birmian rocks were
considered o overlic the Lower Birimian rocks contormably. However., in a recent
reinterpretation of the siratigraphy. Leube et al., (1990) recognised the two

as coeval with iclastic units the distal

facies, or basins between a sequence of evenly-spaced volcanic belts.

Typual lithologies of the Lower Birimian include schists, phyllites.
greywackes, crystalline schists, tulfaceous shale and chemical (Mn-rich) seduments
that are largely confined to the basin margins. These rocks are believed o have been
derived from the Liberian-type of rocks as found in the nucleus of the West African
Craton (Bessoles, 1977) Lower Birimian rocks are confined 1o the west of the study
area

Upper Birimian rocks iclude an assemblage of tholeiitic basalts with some
imteeflow scdiments The Upper Birimian is volcanic in orgin and 15 composed of

pyroclastics. lavas, sheaed conglomerates and tuffaceous sediments. The basic

lcanic have been altered fargely to chi and epidotised rocks
that are loosely grouped together as greenstones (Kesse, 1985). The Tarkwaian rest
unconformably on the Birimsan. According to Junner (1935) the Upper Birimian and

the Tarkwaian are inter-folded duc 10 post-Tatkwaian orogenic activity. Tarkwaian
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312 GRANITES AND BASIC INTRUSIVES

Intrusive rocks oceups abeut seventy percent of the area studied and are
represenied by the Cape Cuast Granite Complex. Dixcove Grante Complex and
Undifferentiated granites which intrude and metamorphose the Birimian rocks. These
rocks are of Early Proterozoic age. They form a large part of the West African craton
and crop out extensively in the Upper West region.

Cape Coast Granite Complex, denoted by (G1) occur throughout the castern
half of the arca and constitute part of the large pluton that outcrops in the northeast
and south-east of the region Smaller massives are found in the west and southwest
of the area surcounded by Lower Birimian rocks

Rocks of this complex, consist primarily of granites, biotite and muscovite
granite, granodionite, pegmatites and aplite with biotite-schist pendants. The pluton
is contormal and harmonic 1o the structure of the couniry rocks Migmatites and
greisses arc also found among tie complex

On the basis of sudies carricd out on the magmatic rocks of the Granile
Complexes tound in the project arca and in adjoining localitics, Pobedash (1965)
proposed that the Cape Coast Granite Complex was emplaced in four phases whereas
the Dixcove Granite Complex was emplaced in three phascs. Each complex is
recogiised for il tremd of wcrease in acidity of rocks from the older to the younger
Phases

The Dixcove type which n usually called (G2) is composed of sodic
hotablende-granite, granodionie, diorite, porphyry, aplite and pegmatite. biotit-
gneiss and porphyriic biotiie This complex forms non-foliated, discordant to semi-
discordant bodies 1 the cnclosing couniry rocks which are generally Upper Birimian

melavoleanics with numerous enclaves found within the granite complex



University of Ghana http://ugspace.ug.edu.gh

Dixcove granitonds are less widespread than Cape Coast granitoids. Typical
massive outcrops of the Dixcove Granite Complex is located to the southwest of
Tangasia and the extreme northwest of the Yaga. In the central and southern parts of
the area, smaller stocks were found in Lambussie. north-west and east of Lawra,
Babile and Birifu.

The G2 granitoids are less metamorphosed than Gl granites which arc
associated with gold mincralization. The G2 type forms small intrusive bodies within
the volcanic belts (Roudakov. 1965). Where faults were detected. the granioids had
suffered cataclasm. mylomuzation and sericitization

Undifferentiated gramtes occur around Lawra, Nandom and Birufu. Apart
from the granitoids and intrusive rocks, small stocks of basic rocks in some portions
of the area were ubserved. They include groups of gabbros. dolerites, norites and

serpentinites.

The Lower Proterozoic rocks in Ghana have generally been affected by two
defornation evenis. During the first event, the Birimian System was deformed and
intruded by granitoids Subscquently, it was uplified and eroded with the Tarkwaian
which accumlated in a scrics of grabens and was locaied within the volcanic belts
The second defonmation event insolved folding, ( Moon and Mason, 1967; Ledru
etal., 1988; and Leube ct al . 1990) and gravity tectonic processes which affected
both the Birimian and Tarkwaian rocks. Metamorphic rocks of the Birimian series
together with the granitoids which intrude into the Birmian are the most common

rocks 10 the study rea.
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The main regional gevlogical and structural features 1n the area are the
Dorimon synclinorium and the Sawla-Wa anticlinorium. The Dorimon synclinorium
appears (0 be a large synclinal structure with a fairly gentle western hmb and a sieep
eastern limb. It plunges in a north-south direction towards the Babile-Duori and
Harmile-Bapala arca (Roudakoy., 1965).

This synchinonium s compased essentially of Lower Birimian rocks and

consists ol 4 combmation of simple folds and extremely complex minor ones witl
ampliudes measuring several meters: a system generally typical of localities of
Archean and early Proterozoic folding (Pobedash, 1965).

Fold structures have in general the same orientation as the synchinorium and
are en cchelon arranged The extent of fissuring and fracturing in the rocks of the
area can be linked 1o the presence and development of these structures. Drag folds
are common in phyllites and phyllite-like schists.

“The Tangasia and the Dorimon faults are major faults which occur in the area.
The srike of the Tangasta Lault win south-westward beyond Kpahu and Tangasia.
The middle section of the fault 1s characterized by mylonites and cataclasites which
have developed within metamorphic rocks. To the east of the fault, the myloniles arc
replaced by grante cks, whike the phyllonites are replaced by schists i the west

The fault waverses tocks of the Lower Birimian and granitoids of the Cape
Coast Complex in the north. The South western end cuts across Dixcove granitoid
massives whilst the middle section runs through the Upper Birimian. Pobedash
(1965). judging from the nature of rock displacement suggested it must be a large dip-
and sinike-slip faull. with a younger age than all known pre-quaternary rocks in the

area.

28
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Tl Dorimion fault siokes south-westwards from Tappo to Dorimon. Other
lew extensive faults were encountered near Yaga. These fault zones occur within
metamorphic schists. They taverse rocks of the Birimian series and granitoids of the
Dixcove complex.

Field obscrvations of fractures and joints were noticed on the granites in the
vicinity of Kamba. They are oricnted in a northwesterly direction. Veins in the area
gencrally show a northwest or southeast trend. The contact of the veins with the
country rocks are uneven and indicate zones of shearing.

Pegmatites ar the most widespread rocks in the group of veined formations
of the Cape Coast granitc complex. They are pink or pale grey in colour and show
coarsc-grained pegmatitic texture. Aplites are fine-grained and brightly coloured
rocks. They are closely assoctated with the pegmatite veins.

Quartz veins are very numerous in metamorphosed Birimian 10cks. where they
are in contact with the Cape Coast granitoid complex. In the Birimian rocks, they are
a few centimetres 10 hundred meters thick and range from melers to several hundred
meters in extent

In some portions near Lawra, thin parallel traversing quartz veins were
observed. In few instances. uartz stocks were detccted. In the vicinity of Jirapa and
Duori, the quartz veuns are numerous and associated with locally crushed zones. They
are prevalent also within the sireich of Binmian rocks from Doweni to Nandom
Nonmally. the quartz is milky-white or blush prey 1n colour being occasionally

spotted and streaky

29
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Dykes are a few meters to several meters in thickness and more than 300 m
in extent. They are often found in portions of rocks of granitoid complexes as well
as in Birimian rocks. Diorites, diabase porphyries and diabases are often located in
metamorphic 1ocks of the Birimian series close 1o the contacts with the Dixcove
granitoid complex ey also form dykes and strike north-cast and north-west. They

always cut across the enclosing country rocks

HYDROGEOLOGICAL_CONDITIONS
‘R OCCURRENCE

Generally, crystalline basement rocks have little intergranular porosity. The

MODE OF GROUNDW

few porcs that are present are small and not interconnected: consequently  the
crystalline rocks have litle primary permeability. However, considerable secondary
permeability have been developed by fracturing and weathering. Most of the water
in crystalline rocks s stored and transmitted through the weathered zone near the land
surface and in fractures i deeper. less weathered zones

Groundwater accumulation in areas underlain by crystalline rocks depends on
the availability of the thick regolith or the presence of a neiwork of fractures. The
nature and extent of fracturing also influence the rate and patiern of weathering as
well as the amount of overburden thickness Malomo (1987),

Basement aquifers vccur within the regolith and the fractured bedrock. The
mode of vccurrence of groundwater i the study area is controlled by the extert and
effect of 1ok decompostuon. the presence of quartz, pegmatite and aplite veins

within the decomposed sock and the presence of fracturing and shearing
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In most cases. the extent and depth of weathering is determined by the degree of
fracturing. veining and jointing.

The geological setting of the project area is fairly complex and as a result.
groundwater availability varies considerably even on a very local scale. Therefore.
where the regolith has adequate thickness (12 m-30 m), and the weathering profile has
developed more fully i the forntation that arc sheared and fractured, sufficient
supplies of water ate obtained.

Kachlee and Tuich (1993) describe fractured rock aquifers primarily on the
basis of weathering into theee zones, namely: the regolith, where the rock has been
aliered substantially into a layer of loose. broken weathered rock materials near the
surface. Below the regolith is a layer of fractured and partially weathered rock that
is refecred to as the transition zone and below the transition zone is the fresh
unweathered bedruck which may not be fractured.

Studies from lithological profiles in the area indicatc that the degree of

weathering wn the rocks depends on their permeability. Evaluation and studies of the

drificis logs carricd out teveal that most of the waler bearing horizons in the area
occur i the moderately decomposed zones with few fractured zones. Baroeng-
Yakubo (1989) also identified the moderately to poorly decomposed zoncs as the
producing zones in studies in the Upper region

However. the water bearing zones do not generally follow the same sequence
in all the borcholes dnlled. Scquences of the lithological profiles are likely to differ
duc 10 the fairly complex nature of groundwater occurrence in basement rocks of the

Upper West region.



University of Ghana http://ugspace.ug.edu.gh

Although the vertical exicnt of each lithology cannot be defined preciscly, the
distinctions are useful for hydrogeologic characterization. The regolith is derived
primarily from in-situ weathering of bedrock and 10 a lesser extent from deposition
of alluvium by streams and rivers. Fractures originally in the parent rock may persist
in the regolith Permealulity and porosity are usually provided by the presence of
ntergranular pore space and as well developed by fracturing and weathering

Producing wells in the Upper West region were completed mainly in the
moderately to poorly decomposed zones. Where numerous fractures, joints, quartz
veins and pegmatites oceur in the rocks of the study area, thick decompused zones
exist and weathering i cnhanced along fissured zones. The decomposed zones create
openings between the mineral grains along which the water may circulate. The
fractures. joints and veins aid in water transmission.

In the region. water occurs at the moderately 1o poorly decomposed zone. This
depends greatly on the petrographic composition and mincralogy of the rocks
Micaceous and feldspathic schists alter to clays and permeability is reduced.
However, relauvely high yields are obtaincd from quartz-schists in the moderately
decomposed zones.

In the phyllites. groundwater occurs in fissured rocks and high-yielding
aquifers are oblained when they are compleied in fractured quartz veins.
CIDA/GWSC (1976) tcponts that there is no well-defincd transition from the
decomposed rock 10 the fresh bedrock in the phyllitcs, because the fresh ruck is often

soft. The decomposed zones ace usually thick and vary from 6 m - 36 m.

32 - -
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The decomposed products of grecnstones are generally fine grained, rich in
mica, chiorite and hornblende. The thickness of the decomposed zones does not
usually exceed 47 m. Again. the waier bearing capacity of the greenstones is
enhanced by shattered quartz veins. joints and fractures

UNESCO (1979.1985a.b) reported that the hard rock lithologies have variable

yiekds depending on tie tock type. Granites tend to be relatively good aquifers with

a typical median yield of 16 Vmin. Gneisses tend (0 yield similar quantitics or
somev:hat less with schists and phyllites. About seventy five percent of the successful
wells were completed in granitic terrains in the study arca

Reboucas and Cavalcante (1987) report that terrains composed of granilc-
gneiss or other high grade meamorphic rocks generally contain more springs and are
more favourable for devcloping groundwater supplies than terrains composed of

schists and slates. Theie is o spring in the arca of study probably because of the

povr hydrogeological conditions existing in the area

More oceurs in grained granites and than
in fine-grained mica and hornblende rich granodiorites and granites (CIDA/GWSC,
1980) Banoeng-Yakubo (1989) also made the same observation in studies in the
basement complex rocks of the Upper regions of Ghana, The most prolific zones in
the pranites are common where pegmatites, aplites and fractured quartz veins occur

e decomposed ones in these rocks are not up to 40 m. However, where

i geisses ceun, the decomposition profile is not uniform because more

resistant poorly decompsed layers are ofien deposited with less resistant moderatcly
decomposed layers.

33
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Yields are however enhanced in fractured quartz veins and pegmatitic zones. Also.
quartz dykes intruding o schists and granites develop joints during cooling. These
joints are able to store groundwater and have therefore proven o be a valuable source
of groundwater supply in the study area especially under unfavourable geological
conditions.

It is imperative  groundwater nvestigations 1o identify and evaluate the
geologic zones that are important 10 groundwater occurrence. Studies in the region
have wennified three types of aquifers. They are the fractured quartz vein aquifers,
the fractured rock and the weathered zone aquifers. These aquifers may be inter-

related and hence produce significant amounts of water

CHARACIERISTICS OF THE AQUIFERS

The most striking hydrogeological feawre of aquifers in crystalline rocks are
the overwhelming variability of their properties. They are heterogeneous and limited
in arcal extent

The hydraulic conductvity normally varies within the same rock unit and often
within short distances. Recent studies by Gustafson and Krasny (1994) explained that
groundwater transmission s by the fractures and joints that form the conductive
openings through the basically impervious basement rocks. Zones of increased degree
of fracturing or crushed rocks may acts as conductors through the rock

Waight (1992) reported that basement aquifers occur within the regolith and

the tractured bedrock.
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Their occurrence and characteristics are distinctive and is largely a

wtion of weathering processes. He further stated that

consequence of the i

basement aguifers are cssentially phreatic 10 character, but respond to localis

permeability horizon such as a clay regolith.
Aquiters in the study arca are variable in extent and range from areas of decp
weathering (o jomted and fractuied zones. They are usually characterised by low
transmissivities varying from 7.5 to 30 m*/day and low storativitics ranging from
3x10 10 8x10” (CIDA/GWSC. 1980). Banoeng-Yakubo (1989) obiained a storage
coefficient value of 2.87X10" in a production borehole (401G 2) at Danko in Wa.
Aquifers form isolated groundwater basins in the region and the long-term

storage capacity is determincd by the areal extent of the aquifers, the permeability of

the aquifers and the satur.ted thickness of the aguifers.

olith aquiters ocur more extensively where a relatively thick and

permeable saturated weathered zone exists. The saturated thickness of the regolith is

y. aquifer storage and also determines the

a controlling factor on the transmmissi
available drawdown 10 the most productive aquifer horizon.

Chilton and Foster (1992) reported that saturated thickness in excess of I0m
need to be available for the regolith alone 1o act as a useful aquifer in the coniext of
a village water supply. This agrees with the saturatcd thicknesses of regolith in the
study area which do not exceed 20 m in most situations. McFarlane (1992) also
discussed that such conditions are generally fulfilled in the more bumid regions with

shallow groundwater tabic especially on the African erosion surface where the deepest

uniform weathering has occurred.
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Gencrally. aquilers in the region are characterized by limited arcal extent. low
transmussibilities and low storage capacities which result invariably in comparatively

fow ields. The thickness and character of aquifers in crystalline basement rocks vary

within short distances deperding particularly on the ion of the

tocks. their tectonic deformation. the type of weathering and geomorphological

conditions

GROUNDWATER RECHARGE

Rechurge © groundwater forms the most effective and reliable means of
subsurface water replenishment in the study area. Rainfall is the dominant source of
recharge o the aquifers i the region. However rainfall in the study area is seasonal
and intensified by periodic droughts.

Adverse land use practices such as poor farming methods, pasture over

grazing and deforestation thiough firewood exploitation, bush burning and charcoal

burnmg end w0 aggravate desertification and expose the soil 1o the scorching sun

These adverse effects bime about serious environmental consequences such as soil

erosion, Jocal cf \ 5 high as well as instability
in the hydrological regime and the destruction of water bodies.

In the study area, the highly decomposed material which overlies the aquifer
vartes from silty sand and laterites to almost pure clay. Hence infiltration is usually
substantial thivugh the silty sand in considerably large areas. Whercas in zones of
high clay content. very litle downward percolation can take place and the main
recharge is along more permeable zones and fractured Quartz veins. Normally

miiltraton i reduced by soi crusting
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Soil moisture storage is also reduced by the erosion of finer grained material
resulting in the hindrance of downward percolation of water. Groundwaler resources

of bascment rocks strongly depend on recharge 1o the groundwater system and

Climatic
character of ruck weaticring in the long-term perspective.

Generally, recharge to the aguifer systems wn the Upper West region is small
and hiniied but sigmilicant because of the barrier normally formed by the overlying
clayey decompused zones and evaporation. The basement rocks do not have high
groundwater storage. Retention possibilities are limited and groundwater is rapidly
depleted. However, the presence of pegmatites. shear and contact zones, fractured
quartz veins and the extent and effect of deeper rock weathering, aid a lot in
augmenting the groundwater availability in the region

CIDA/GWSC (1978) reporicd that the quaniity of groundwater replenishment
in the region depends ot unly on the total precipitation in a given year, but also upon
soil moisture conditions before a storm and the manner in which the ains occur.
Recharge to the aquifer begins 10 take place only when the moisture deficit in the soil
has been met.

Estimates of direct recharge are Iikely to be more reliable than those of
wndirect recharge. Lerner et al (1990) are of the opinion that since recharge tends (o
be correlated with ramfall, short periods of heavy rainfall within the year are more

important in producing recharge than many years of average rainfail,
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As far as the hydrology of the African basement is concerned the climatic
Vanbles of camfall and potential evaporation are the most significant factors in

run-oll and recharge (Fargs and Bullock, 1992).

The study arex is characterised by a cyclical annual weather condition with a
single rainfall period from April to October and a mean annual rainfall between 900
mm and 1150 mnw This is followed by a prolonged dry season. The potential
evapotranspiration is very high. Pelig-Ba et al (1988) estimated an annual potential
evapotranspiration value of 1726 mm for Wa. Relative humidity is high in the rainy
season and low in the dry season

“The studies of Banoeng-Yakubo (1989) in the basement complex rocks of the
Upper tegion ot Ghaiia estiiated the average annual roundwater recharge to the
Lawra drainage basin o be 138 mm He cxplaincd that this amount of recharge is
expected to augment the groundwater base of the study area.

Party ct al (1987) discussed that an average recharge rate estimated between
two and three percent of the annual rainfall obtained from the limited information on
urban borehole fields in the area. Water level fluctuations in a network of observation
wells are dependent on the timing and intensity of rains and the local hydrogeological
setting prevarhing 1n the arca

Where the mean annwal rainfall is less than 400 mm, recharge (rom direct
mfiltrauon is ikely © be small or negligible (Edmunds et al. 1988). Thercfore
groundwater resources are only likely to develop in association with runoff either in

alluvium or undetlymg bascment cocks.
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Annual recharge of groundwater in the study area is significant but of local
origin and ot supplied by any distant source. Akiti (1976) discussed that groundwater
in parts of the Upper Region arc of recent age and characterized by an active
groundwater circulation.

Thers (1937) poinied out that unless and until withdrawals of groundwater are
balanced by an inceease in recharge or a reduction in natural discharge, water will be
removed from storage and water levels will decline. In the Upper West region, the
abstraction rate of water from boreholes exceeds the recharge. This accounts for the

regional decline of water levels in the region.

GROUNDWATER FLOW SYS

The overall pattcin of groundwater flow m basement terrains s controlied
primarily by the regional topography and geology. Fundamental w any groundwater
study 15 an adequate understading of the geological conditions prevailing in the area.
The pattern and rate of groundwater movement within an area is governed not only
by topography. but by the rock suuctures as well. Particularly the fault and fold
patiern and its influence on rock fracturing

The study area is underlain by hard rocks consisting primarily of granitic and
Biruntan metamoi phic rocks. The granitic rocks comprise granites, granodiorites and
granite-gncisses. The Bituniian rocks in the area arc schists, phyllites, greenstones and
sheared conglomeraics. Generally. these rocks have virtually litde or o permeability,

except in placcs where they arc weathered and/or fractured.
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The Burunian cocks i the region have been highly folded and often sheared and/or
faulted Quartz veming is common in the schists and phyllites. They are usually
deeply weathered and more noticeable in vallcys and flat terrains where intensive
fracturing and shearing has vccurred than on hillsides.

In the crystalline basement aguifers. groundwaies flow occurs largely through
discontimutties The wature and orientation of these discontmuities aid in the
occurrence and movement of groundwater, the permeability of the rocks and the
storage capacity of the aquifers. Generally, discontinuities and shater or breccia
zones associated with faults form irregular and tortuous flow channels which may be
filled with permeable or impermeable materials. In some rocks they may be focally
enlarged by solution to form discrete flow paths

Freeze and Cherry (1979) noted that groundwater flow occurs (rom the
highlands towards valleys The proundwater Now system in the region consists mainly

of recharge on local wpographic highs and discharge in topographic lows.
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CHAPT!

AVAILABLE DAT;

Informaton obtained at the time of construction of boreholes was extracted
from the archives held by Community Water Project (COWAP) offices in Wa, Others
were obtained from lield studies during the study period. The information included;
construction details. static and dynamic water levels, lithologies, yields and

topographic locations

In total, records from one hundred and nincty two borcholes were analyzed
for the study over the entire region. Among these were twenty three observation
borcholes and one hundred and sixty nine production borcholes,

Borehole records were analyzed and estimates of borchole depths, depths (o
top of aquifer. overburden thicknesses, borehole yiclds, and aquifer thicknesses were
obtamed However, six boreholes do not have records pertaining to boreholes depths
amd overburden thicknesses Information was also obtained on static water levels from
one hundied and seven boreholes during pump installations. One hundred and five
borcholes also had static water level measurements taken during the field studies

Available data shows that there had been one hour pumping tests data for
forty-seven boreholes a the time uf construction, and twenty-four hours pumping tests
were conducted on six other borcholes in the Wa well fields during the swudy. The
Global Positioning System was used to measure the locations and clevations of

‘observation and pruduction borchotcs during the study.
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LIMITATIONS OF AVAILABLE DATA

I an atiempt to provide clean potable water in the Upper regions of Ghana,
the Canadian Intemational Development Agency (CIDA) in conjunction with the
Ghana Water and Sewcrage Corporation (GWSC) drilled 1,018 boreholes in the
Upper West region 10 order (o eradicate water-borne discases

Notably, boreholes with low to moderate yields were pump tested for only one
hour. In such sttuations. well efliciencies and sustained yields become unpredictable
and the responscs of the aguiter are usually limited to only areas that are influenced
by the cone of depression for that period only

Due (o pour storage conditions and old age of the data, some writings on the
borehole logs had laded and were illegible. giving ise 1o poor quality data. The
possibulity of drillers making common errors in the measurcinents and estimation of
borehole parameters cannot be ruled out. This rendered the data unreliable in some
cases

discharge tests were carried out in the Wa well

Step-drawdown and Consta
fields with the Kumasi dnaling team of the Ghana Water and Sewerage Corporation
during the swdy. The constant discharge tests lasted twenty four hours with six hours
recovery  [he step drawdown tests. were carried out for one hour per step for three
steps. However, due (o variations in well discharges as the pump adjusts itself to
changing head, early tine data arc not accurate. Therefore. to achieve better results
for the step tests. the pumping period for each step must be longer.

Constramts such as logistics and inaccessibility (0 some of the communitics
due to the early rains madc w difticult for field studies to be undertaken in some parts

of the region
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However, field work was extended to all the twenty three observation borcholes found
in the five disiricts of the region

In any case, nonc of the obscrvation boreholes was pump tested 1o updaic
horehole conditions during the course of study. The inability of the Global Positioning
System (GPS. GARMIN 75) to function was a drawback 10 obtaining accurate

locations of the borcholes.

METHODS OF DATA ANALYSIS

“The most common form of well testing is by pumping water from a well and
studying the response of the water level within the sell and the adjacent parts of the
aquifer

Thers (1940). pornted out that the response of an aquifer to withdrawals from
wells depends o the tate of expansion of the cone of depression caused by the
withdrawal of watet This further depends on the transmissivity and storage
cocfficicnt of the aguifer. the distance 10 areas in which water discharges naturally
from the aquifer and finally on the distance 1o recharge areas.

Under natural conditions. over a sufficiently fong period of time prior to the

start of withdrawals. the discharge from every groundwater

stem equals the

recharge (o iL.
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Theis (1935) uiilized an analogy to heat flow theory to arrive at an analytical

s of time and

solution. This analytical sulution takes into account the related paramct

aquifer siorage. His solution, in terms of drawdown is

where s = drawdown (m)

e 23 (4.2)
@ 4Te

1= distance o observation point (m
Q = constant pumpine e o day)
T o= tamsmessvin o i

§ = storage coellicrent 1dunensionless)

U tme sie pumping started (days).

The vaiuc of the miegral equation is given by an infinite mathematical series
that Thers expressed as W) known as the "Well function” of u. and the equation

simplifies 1.
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Equation (4. 1) is known as the Theis Non-Equilibrium equation 1 his equation
generally permuits the determmation of the constants § and T by conducting pumping
st for the wells, or f the constants are known, the drawdown can be computed for
a given well discharge
The denvation of Thers lormula is based on the following assumptions
(Johason, 1972).
1) The water-bearing formation 1 wniform in character and permeable in bolh
horizontal and vertical directions.
2) The tommation has uniform thickness
3)  Thelormation his infinite areal extent. It is confined, 1sotropic. homogeneous,
and is fully saturated
4)  The formation receives no recharge from any source
5) The pumped well penctiates and receives water from the full thickness of the

waler-beariog fonmation.

These assumptions are rarely met i practice. For the soluti

groudwater problem, idealisation of the aguifer and boundary conditions of the flow
system s necessary. Hlowever, all formulas for the analysis of pumping test data are
based on certam assumptions and generalization. Erroneous results of the computation
4 danlic charactenstics of an aquifer are sometimes ascribed to incotrectness of

he formul apphied. whereas the actal cause of error is that. the ficld conditions do

ot satisly the assumptions on which the formula is based.
There are two types ol pumping tests, the constant discharge and the step

drawdown tests
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The constant discharge est involves the use of a control valve (o maintain the
discharge rate throughout the pumping period to a stiputated range which must be less
than plus or minus five percent of the chosen rate. The step drawdown test involves
pumping a well at an initially low rate for a period of time. The discharge rate is then
increased through a successive scries of steps. Graphical methods auributed to Theis
(1935) and Cooper-Jacob (1946) have been used to analyze pump test data for this

study.

COOPERJACOB METHOD_ OF SOLUTH)

Cooper and Jacob (1946) suggested a simplification of the Theis equation
which dispenses of the need for type curves by utilizing a semi-logarithmic plot for
those ficid data where u < 0.01. Beyond, the first log cycle of time usually gives a
straight-line refationhip

The drawdown. s 15 xpressed by

“This expression is convergent. For small values of r and large values of t, u
is small, so that the series terms in cquation (4.4) become neglizible after the first

o terms

522 (-0.5772-1n 145
3 "T(Cl‘i 2-1n:
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Substituting for u in cquation (4.5), using equation (4.1)

£i5) .6}
U0 877200 5
1.7
=2 (1n2TL ¢ 597
s gy (Intig-0.5772)
This reduces 1o
S,
2.300) g 2:2371
awr 9T

ugspace.ug.edu.gh

A plot of drawdown, s, versus the logarithm of t formis a straight line (Figure

4). The straight line is projected to intercept the time axis at's = 0 and t = 1,

Equation (4.8) then becomes

It follows then that

1f vy, = 10, then log v, = |

hence. s can be expressed by the drawdown per log cycle of time As. therefore

7-2:300 (4.12)
ax bs
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Cooper - Jacob  Solution
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In the Cooper-Jacob method of solution, the same assumptions as for the Theis
method should be satisficd; also the value of u is small (u < 0.01), i.c, r is small and
Cis large The condition that u s small will be satisfied in confined aquifers for
moderate distances from the pumped well within an hour or less. but for unconfined
condittans it may take twelve or more hours of pumping. The Cooper-Jacob method
is used to deteet anomalics w the aguiter such as aguifer dewatering and responses

10 auiler during pumping

After pumping hias been shut down the water level will stop dropping and
instead rise again (0 its onginal position, this is the “recovery” of the well. The
recovery of the well should behave as a mirror-image of the pattern of drawdown
regardless of the type ol aguiter conditions and thus can be used as a check on those
aquifer propetties determined from the drawdown data

The rise of the water level 1s measured as the residual drawdown (s') that is
the dilference between the original water level prior to pumping and the actual water
level ineasured at a certam moment (') since pumping stopped (Figure 5).

Where the precedig pumping has been of reasonably long duration, the
residual drawdown method is more appropriate. In this case. it is essential to know
the duration of pumping (1) prior o cessation as well as the depth 10 water at

successive time inicivals after pumping has ceased.
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The data obtained during recovery permit the calculation of the transmissivity.
thus giving a check on the results of the analysis of the data obtained during the
pumping period. Morcover. (e recovery method has the advantage that the rate of
recharge. Q is constant and equal (o the rate of discharge Q, during pumping  This
means that drawdown variations resulting from slight differences in the rate of
discharge during pumping do ot oceur during recovery. Theis recovery method can
be used o calculate the hydraulic properties of an aquifer if the assumptions and

conditions of the Cooper-Jacob method are satisticd

“The residual drawdown, during the recovery period. according to Theis (1935)

15 given by

For sl u,
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The slope of a straight e trom a semi-logarithmic paper, with the time abscisa

representing a ratwo of 1" drawn through the point over a log cyele of U1'. As' is

given by

T value of § (siorativity) cannot be obtained from this method. In the study,

these two methods of solution were used in determining the bydraulic properties

Specific capacity 1 the term used to describe the yield per unit drawdown. 1t
s s expressed graphically i the form of the yield-drawdown curves.
Specilic uapacity = Q/s

Where Q = the yield or pumping tate (m'day)

s = drawdown (m)

Specific capacity has unuis of m*/day. Any specific capacily value should be
expressed relative 1 o comuion time base. Thus (Q/s) would mean the prevailing
abstraction rate divided by the total drawdown after pumping for one day. and could

be ditferent from that determined after a duration of pumping for one hour or one

weck
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The specific capacity of a well decreases with time for a given rate of
discharge. Q. Since drawdown increases with time. the specific capacity of a well 15
independent of the discharge rate as long as there are no well losses

e efficiency of a well 1s the ratio of the actual specific capacity to the

cal specific capacity of the well. Factors influencing the actal specific

theor
capacity mclude the hydrauhic properties of the aquifer (coefficients of transmissivity
and storage), geologic houndaries of the aquifer, the partial or total perciration of the
aquifer. the effective open area of the well screen or perforated casing. duration of
puimping and pumping rate.

Rorabaugh (1953) recognized that well constuction and development arc
important and affeets the predictions of total drawdown and consequent estimates of
well effticicncy. According (o Bierschenk (1963) the efficicncy of a well is governed
targely by the magnitude of well loss and thus falls off rapidly as discharge is
increased The efficiency ol a well n an aquifer having a high transmissivity s
atfected by well Joss 10 4 preater degree than the efficiency of a well in an aquifer

having i Jow transmussivity. and it is least affected by partial penetration of aquifers

having a large transmissivity

Step drawdown tests mvolve pumping a well at an mitially low rate for a
period of time. The discharge rate is then increascd through a successive series of
steps. Thive sieps are at least 1cquired for the analysis of step-drawdow test. The

drawdown and the corresponding measurements of time are recorded for each step
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The efficicney of a well can be expressed quantitatively by identifying and
determining the scparatc components of the total drawdown S, = S, + S,
Where S, is that part of the drawdown due to formation loss and S, represents that
part due o well losses

The formation loss component arises from the resistance of the water-bearing
formation and is proportional to the discharge. 1t 1s also termed as the aquifer loss,
which 1 the inevitable loss of ead due 1o laminar flow of water through the aquifer
Well low represents a funciion of trbulent flow within the well and adjacent parts
of the aquifer. Well losses can be mmimized by adequate and proper weil design. In
this siudy, Jacobs graphical solution method was adopted for the analysis of step-

drawdown results

JACOB'S GRAPHICAL ME

Jacob (1947) derived 1he equation

10D

S, =BQ + CQ". Equation (4.15)

where B (m” day) and C (m* day’.) are aquifer and well loss constants respectively.
Q = the discharge rate. im day)

n = a variable exponent.

On the assumptions that tor wrbulent flow, losses are related approximately
to the square of the discharge. Jacob suggested a value of n = 2. This cnables
sumphiwcation of equation (4.15) by dividing through Q so that
SJQ =B+ CQ Eyuation (4.16)

The parameters B and C can be dewernuned trom a graphical method by
plotting S./Q against Q. C 1s determined from the slope of the line of best fit through

the data points and B is calculated from the intercept on the S,/Q axis (Figure 6).
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Fig 6. Determination of B and C using Jacob's method .
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T1E PRESENT $TUDY

Statistical and pusipinz-test analyses were the analyses performcd nt the

ANALYSES PERFORME

present study. The lithological logs aided in the determination of the lithologies in the
boreholes, overburden thicknesses. depths 1o top of aquifer, aquifer thicknesses and
borchole depths. Fractured and veined zones were all deduced from these logs for the
observation and production boreholes. A summary of borehole and aquifer

characicistics v shown in Table 30.

PUMPING TEST_ANALYSIS

“Two types of pumping test were used for the analysis: Constant rate test and
step drawdown analysis. In the constant rale pumping test, graphs of drawdown on
the normal scale against time on the logarithmic scale were plotted to determine the

transmissivity using Cooper-Jacoh (1946) method. The data points on the semi-log

ns fron

a

paper lic in most cases on a straight hine for cach graph plotied Dev
stratght line plot are used (o delineate boundary conditions and other mhomogencitics
in the aquifer.

The Cooper-Jacal (1946) method was used to analyse data from one hour and
twenty four pumping test data. The twenty four hours pumping test was performed
10 parts of the Wa well ficlds on six boreholes, during the study with the G.W._S.C
drilling uait from Kumasi. No data was available on 24 hours pump test from the
existing borehole logs for the project. However. one hour pump tests were conducted

for most of the boreholes during pump installation.
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Transmissivities were computed using equation 4.12, No storage coefficient
pacamcter was calculated. Specific capacities were determined from the constant rate
pumping test data for one hour and twenty four hours i the boreholes studied.

Restdual drawdown curves were drawn from the recovery data. The residual
drawdown, s' was plotted on the anithmetic scale while the ratio of 1" was plotted
on a logarithmic scale. The tansmissivities were then calculated using Equation 4.14
The recovery method was apphied to only six borcholes in the Wa well tickds

Al the borehole and aquifer parameters, as well as the time-drawdown and
residual plots were converted 1o the ST units from the imperial units. Only five of the
welis in the Wa well field were tested by step-drawdown pumping

The test was performed by pumping the wells at various discharges by
increasmg the discharge raic in a step-wise fashion. The pumping rates were carefully
regulated aid water levels measured accurately. One shortcoming encountered was
that the pumping rate was citlier icreased or decreased on an irregular basis so that
the estmated maximum yield of the well at the end of the test was not exact,

Time was plotted on the logarithmic scale while the drawdown was plotted on

the anthicue scale The thice steps were plotied on the same graph paper. with the

origin of umc for a!l sicps taken as the beginning of the test Values of /Q were
determined for cach sicp Using an arithmetic graph shect, values of s/Q were then
plotted against Q. The fornaon constant is calculated from the intercept of the linc
with the s/Q axis and the well low constant is determincd from the slope of the line

of fit through the data point (Jacoh, 1947).
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4.4.2 STATISTICAL ANALYS]

This part of the analysis was anmed at relating each of the collected and

recorded data of borcholc and ayuifer properties, and hence summarizing the

information that has been amassed. Relevant information as well as patterns are fairly
casy to detect when data are treaicd statistically Table 3 shows the summary of

borchole characteristics studied.

Borchole properties were presented m the form of percentages, averag
frequency  distributions and lustograms.  Properties such as borehole depths,
overburden thicknesses. aquifer thicknesses, aquifer depths, yields and static water
levels have been presented in tables and figures for easy visualization

In terms of percentages. information is provided about the frequency of each
property of the borehole. It therefore gives a good indication of the relative

preponderance of each property in the sample. The mean of the borehole properties

has been estimated. lts main lmitation 1s that i 1s vulnerable to extreme values, n
that it may be unduly affectcd by very high or very low values which can respectively
increase or decicase its magmtude. The standard deviation was also used as a method
to summanze the dispersion properties. In essence, the standard deviation calculates
the average amount of deviation from the mean. It permnits the direct compatison of
degices of dispersion for comparable samples and measure.

Corrclations and regressions were also used (o provide casy-to-interpret

indications of the relative stength of the relationships between borehole properties

Conelation entails the provision of a yardstick whereby the intensity or strength of

a telatonship can be determined.
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Pearson’s product moment of cortelation coefficient was adopted 1t 1s often
referred to as Pearson’s 1 In this measure of correlation. the nawre of the
relationship between two variables 1 either a pattern which implies a negative

reases the other decreases ur a positive

selationship, meaning that as one variable
relationship which means higher values of one variable are associated with higher
values of the other.

However, if no correlation is discermble then there is virtually no relauonship
between two variables. Pearson’s coefficient of correlation (r) varies between -1 and
+ 1. The closer r is to 1. whether positive or negative. the stronger the relationship
between the two variables

Regression analysis was also performed as a means of expressing relationships

among pairs of variables Lach regression coefficient (B), estimates the amount of
change that occurs in the dcjindent variable. Morcover, the regression coefficient
cxpresses the amount of change 1n the dependent variable with the cffect of all other
independent variables during drilling operations.

Corrclation and regression analyses were performed for the borchole
properties. Geologic influcnices un some borchole properties were established from
these analyses. This crables the significant relationships cxisting among  these
propertics ( be obtained and ko results in a betier understanding of the occurrence

of groundwater in the study area
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TABLE 3 SUMMARY_OF BOREHOLE CHARAC
NOMIER
BORITOLE o MINIMUM [ MAXIMUM | MEAN | STANDARD
PROPERTY WELLS DEVIATION
BOREHOLE DEPTH 156 12.0 90.0 A2 10.8
(m)
OVERBURDEN 186 9.0 60.0 262 10.2
THICKNESS (m)
AQUIFER 192 30 18.0 o 27
THICKNESS (m)
AQUIFER DEPTH 192 5 55.0 221 90
(m)
STATIC WATER 107 08 213 86 42
LLVEL (m)
YIELD (V/min) 192 4.5 270.0 254 20.3

ol
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CHAPTER FI

PRESENTATION AND DISCUSSION OF RESULTS

THs

ited for between 12.0m
and 90.0 m, and this depznds entirely on the combination of local hyumgmlugi;al
conditions such as favourable lithology. the presence of structural features and the
extent of weathering. An average of 31.2 m and a standard deviation of 10.8 m was
oblained from the 186 boreholes
About 80% of the borcholes in the study area have depths hetween 20 and 50
m. Analysis indicates that few borcholes were drilled deep enough to verify the full
potential of the burehole sies sclected. This is illustrated in Figure 7 where few of
the welis reached depths greater than 60 m
Average borehote depths are comparable in 64 granitic rocks and 54 borcholes
drilled through greenstones (Table 4) Thirty-four percent of the boreholes were
intercepied i granites, 29% in preenstoncs, whiles 16% were completed through
phyllites and 21% drilled in schists. The deepest borchole was from a production
horchole drilled through geeensione. This borchole at Saan with number 3991 2 has
a finat depth of 90 m and s located on a flatland, whereas a depth of 43 m recorded

from an observation borehole, was the decpest borchole at Yaguuri with number

from phyilite.

ol
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TABLE 4

SUMMARY_OF BOREHOLES DEPTHS.

ACCORDING TO GEOLO!

GLOLOGY NUMUDLR | MINIMUM | MAXIMUM | MEAN | STANDARD

OF WELLS | HORENOLE | BOREHOLE - DEVIATION
DEPTH M) | DEPTH M) m
GRANITES 64 12.0 42.0 26.4 6.4
GREENSTONES 54 12.0 90.0 288 12.2
PHYLLITES 39 240 64.0 414 10.3
SCHISTS 29 23.0 65.0 4.6 8.7
TOTAL WELLS 186 12.0 90.0 30.3 8.1
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TABLE 5

SUMMARY OF BORETIOLE DEPTHS ACCORDING TO

TOROGRAI | NUMBLR BOREIIOLE DEPTHS () STANDARD
oF WeLLS | MINIMUM | MAXIMUM | MEAN | DEVIATION
FLATLAND 129 120 90.0 30.8 11.4
HILLSIDE N 16.0 64.0 339 10.4
VALLEY 2 180 1o 292 Zit
TOTAL WELLS 186 120 90.0 316 8.8
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Despite the topographic locatwons and hydrogeological condtions prevarling.
the chances of obtaining moderate to high yiclds arc enhanced hy increasing the depth
of the borehole to a much greater extent, since some localised fractures containing
water could be found at deeper depths. It was noted that 72% of the boreholes were

drilled in flatlands, 17% on hillsides and 11% in valleys. Flatlands and valleys have

comparable average borchole depths (Table 5). Flatlands and valleys are considered
as favourable areas lor decper rock decomposition and are hikely to coneide with
fractured zoncs. However. it was observed that dutling was stopped when water

from the moderately decomposed zone was sulficient for hand pump installation.

OVERBURDEN THICKNLSS

The overburden tckness is the depth to fresh bedrock. A total of 186
borcloles were analysed for overburden thicknesses. The minimum overburden
thickness is 9.0 m and the maximum 15 60.0 m. The mean and standard deviation of
the 186 boreholes are 26.2 m and 10.2 m respectively. The natre and distribution
of overburden thicknesses is presented in (Figure 8).

In order to obtain adequate yield, it has been found that a minimum regolith
thickness of approximately 10 m is required. This is in agrcement with a survey
conducted by Omorinbola (1981) over Nigerian bascnient rocks

Nearly all the borcholes have overburden thicknesses exceeding 13 m.
Banoeng- Yakubo (1989) reported an average of 29 m for overburden thickness in the
basement rocks of the Upper Regions of Ghana that include the study area. Sites with
thicker overburden were priotinics i drilling for water in the study arca. since the

focus of the drilfing programun was based mainly on tapping water from the regolith
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Average overburden thicknesses are comparable in granites and greenstones
(Table 6). However the thickest overburden of 60 m was obtained from phyllites in
Guorpuo and Birifu with borchole number 399C 10 and 4371 16 respectively. both
of which are production borcholes. Thirty boreholes drilled through phyllites have an
average overburden thickness of 29.9 m. while an average of 30.5 m was oblained
from thirty-eight boreholes completed in schist rocks

“The relative depth and degree of weathering in a rock depends (o some extent
on the intensity of fracturing and the grain size of the minerals in the rock
Chilton and Foster (1993) explained the importance of the regolith thickness on the
success rate of drilling. The regolith thickness provides the dominant elements of
aquifer storage and determines the available drawdown to the most productive aquifcr
horizon

Overburden thicknesses encountered i flatlands were higher compared to
those found in valleys and on hilisides. An average of 20.6 m overburden thickness
was obtained from 32 borcholes drilled on hillsides, while compatable averages of
25.6 m and 25.1 m weie obtained from 138 borcholes drilled in flatlands and 22
boreholes drilled in valleys 1espectively (Table 7)

Borcholes drilled in flaulands and valleys have thicker saturated regoliths and
hence represent zones of decper weathering. In most cases, weatbering is less deep
in less resistant rocks on Wil tops, while in valleys and flatlands, weathering is

intensive and deeper

67
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TABLE 6 SUMMARY_OF OVERBURDEN THICK?
ACCORDING TO_GEOLOGY
GEOLOGY NUMBER STANDARD
OF DEVIATION
MAXIMUM MEAN
WELLS. )
Granites 64 9.0 37.5 21.1 55
Greenstones 54 12.0 47.0 233 8.5
Phyllitcs 30 80 60.0 374 10.9
Schists 38 160 470 299 8.6
Total Wells 186 90 60.0 305 78
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TABLE 7 SUMMARY OF OVERBURI
ACCORDING TQ TOPOGRALL!
TOPOGRAPHY NO. OF OVERBURDEN THICKNESS (m) STANDARD
WELLS DEVIATION
MINIMUM MAXIMUM MEAN
(m

Flaland 132 9.0 60.0 25.6 10.2

Hillside 32 15.2 46.0 20.6 10.7

Valley 2 1.6 430 25.1 7.8

Total Wells 186 9.0 0.0 233 8.6
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AQUIFER THICKNESS

Aguifer thickesscs vary between 3.0 m and 18.0 m in the 192 boreholes.
The mean is 7.3 m and the standard deviation is 2.7 m  About 87% of aquifers in the
study area have thicknesses less than 10 m. A distribution of these results is presented
in Figure 9.

Aquifers encountered in phyllites and greensiones are thicker than those found

in granites and schists. Average aquifer thicknesses in the phyliites and greenstones
are 8.3 m and 72 m respectively. Average aquifer thicknesses arc however,
comparable in greenstones and schists (Table 8).

Aquifers are generally discontinuous and vary from a few meters (o tens of
meters thick. Thick aquifers are found in the phyllites due o the presence of fractured
quastz veins in the moderately decomposed zones of thesc 1ocks

Aquifers w greenstones are also thick probably because of the developed joint
systems which constitute prospective high-yielding ayuifers. In the granites and
schists, where quartz and pegmatite veins intrude the rocks, well-developed fractures
and joints that carry appreciable amounts of groundwater occur. Rocks in which these
structures occur decompose more readily and promote the development of thicker
aquifers than those which o not contain these structures,

Average aquifer thicknesses are comparable in flatlands and on hillsides. The
thickest aquifer of 18 m was obtained from a production borehole found in a flatland

at Tanchara in the Lawra distiict with borehole number 4371 7
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TABLE 8
ACCORDING TO GEOLOGY
GEOLOGY NO OF AQUIFER THICHNESSES (m) STANDARD
WELLS MINIMUM MAXIMUM MEAN DEVIATION (m}
Granites 66 30 123 6.9 2.3
Greenstones 56 34 17.0 7.2 29
Phyllites 30 59 18.0 8.3 31
Schists 40 30 15.0 7.1 26
Total Wells | 192 30 18.0 7.4 2.5
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Vallcys and flaitands are known (0 bhe associated with fractures and zones of
decper decomposition. However, 23 borcholes drilled in valleys have a minimum
aquifer tuckness of 3.0 m and a maximum thickness of 12 m (Table 9). It has been
noticed that more boreholes were drilied in flatlands than in valleys in the study area.

This is because, most of the valleys are liable to flooding.

AQUIFE]

Aquifer depth is the Jepth 1o top of the productive water bearing zone.

R DEPTH

Approximately 50% of the aquilers have depths of less than 20 m. Figue 10
illustrates the nature and distribution of aquifer depths in 192 boreholes

Aquifer depths range considerably from S 5 m to 55.0 m and average 22.1 m
with a standard deviation of 9.0 m. The least aquifer depth of 5.5 m was obtaincd in
a production horehole located un a flatland underlain by granite. This shallow aquifer
is due o the presence of a thin and poorly -developed wcathercd zone. However water
was not encountered at such shallow depths in any of the observation borcholes.

Average aquifer depths of 18.2 m and 18.9 m are comparable in granites and
greensiones respectively. However, the phyllites and schists have the same maximum
aquifer depths of 55 m in the study area. The depih 1o top of the productive water
bearing zonc in borehole number 437E 33 at Lawra was the highest due to the
presence of pegmalites, quartz veins and fracture openings associated with the
underlying weathered schist. The presence of these geological structures provide
avenues for deep weathering, thicker aquifer depths and increased yields when they
are found within the weathered zone and undeslying bedrock. The summary of aquifer

depths according to geology is shown in (Table 10).
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TABLE 9 SUMMARY QF AQUIFER THICKNE:
ACCORDING TO TOPOGRAPHY

TOPOGRAPHY | NO. OF AQUINER TIHICKNESSES i) STANDARD

WELLS DEVIATION

MINIMUM MAXIMUM | MEAN
)

Flatland 138 3.0 18.0 7.4 2.9
Hillside 31 3.0 12.3 7.1 2.3
Valley 23 3.0 12.0 6.6 22
Total wells 192 3.0 18.0 7.0 2.6
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SUMMARY OF AQUIFE!

L DEPTHS.

TABLE 10
CORDING TQ GEOLOGY
GEOLOGY | NO. OF AQUIFER DEPTIIS (m) STANDARD
WELLS DEVIATION
MINIMUM | MAXIMUM || MEAN
™
Granites 66 5.5 33.0 18.2 5.6
Greenstones 56 6.0 41.0 18.9 76
Phyllites 30 150 55.0 315 938
Schists 40 14.0 55.0 259 78
Total Wells 192 55 550 246 6.9
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Generally, aquifers are encountered at shallow depths in valieys and flatlands
than on hillsides. Average aquifer depths arc comparable in flatlands and valleys with

values of 21.4 m and 21.2 m respectively (Table 11).

BOREHOLE YIELDS

Borchol: yseld analysis shows that variations in yield within the study area are
large. The tendency for most yields to be low is very great with only a limited
number of high yiclds

Estimated yields oblained from the drillers log generally fall between 4.5
I/min. and 270 Vmin. in 192 boreholes. The mcan and standard deviation is 25.4
t/min. and 20.3 Umin. respectively. The values of the mean and standard deviation
are close because of the extreme variations in the yields as a result of the
heterogencous nature of aquifers in the arca.

Approximately cighty-five percent of borcholes yield 30 Umin. or less of
water. Figure 11 illustrates the distribution of boreitole yields in the study area. The
distribution is heavily skewed (o the left due to majority of the boreholes exhibiting
low yiclds with values less than 30 /min.

Average yields in granites and greenstones are comparable. The mean yield
for sixty-six borcholes in granies 1s 22.8 Vimin and the average yield for fifty-six
greenstone rocks is 23.5 nun (Table 12) The highest yields of 135 l/min. in the
granites and 148.5 lmin. mn the greenstones oblained from boreloles 438G 03 in

Jirapa-Yipala and 437K 13 in Lawra are montoring boreholes in the region.
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TABLE 11 SUMMARY. OF AQUIFER DEPTHS
ACCORDING TQ TOPOGRAPHY
NO. OF AQUIFER DEPTHS (1 SLANDARD
WELLS DEVIATION
TORGRAFHY sninont | maximons | meax
o
Flatland 137 5 55.0 21.4 8.8
Hillside 32 6.0 55.0 25.7 10.6
Valley 23 10 35.0 21.2 5.6
Total Wells 192 5.5 55.0 22.8 76
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The yield from these barcholes are high possibly because of the mumervus
fracturcd quartz veins and crushed zones located within the decomposed zones of the
profile. These structures offer areas of high permeability with relatively high storage

capacities in the water bearing zones

In some cases. moderate to high yields are associated with granites because
they e more jointed and have weathered products which are sandy and more
permeable Lnough yiclds are alvo obtaned when dykes cut across the gramtes. and
Jaints are created by contraction during cooling. A typical example is at Pulima in the
Tumu district with borehole number 444F 2 (monitoring borehole) which has a yield
0f 103.5 Vmin. In contrast. the low yiclding wells are open to only a few fractures
that intersect the weathercd zonc

The mean yield of 22 boreholes located m valleys is 17 4 lmin. and the
average yickl obtained for 13X borcholes sited in flatlands is 28.1 Vmin. An average
yield of 20.2 Vmin. was oblamed tor 32 boreholes located on hillsides (Table 13).

In the study area, residents rely mainly on groundwater for their water
supplies. During the project in the 1970, borcholes were usually required close 1o
the communitics which in some cases severely constrained the choice of sites for
drilling. Most of these sites close 10 the communities were not quite promising but
had to be completed. hence the low yields

About 0% of the area studied is underlain by granites. These rocks are
gencrally considered (o be puor aquifers except when they are associated with thick,
decp weathered zones resultmng [rom fractures and joints, quartz and pegmatite vein
intrusions as well as fracturcs and joints in the fresh rocks The presence of these

structures usually increase the yselds of boreholes significantly
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Boreholes drilled through granites have the least average yield. while
boreholes drilled through schists gave the highest average yield of 33.3 V/min.
Granites, greenstones, phyllites and schists in the study area have produced less water
from their decomposed zones, However, where these rocks are fractured or intruded
by quartz and pegmatitic veins. relatively high yields are obiained This explains the
highest average yiekds obtained from boreholes completed in schists

Topographic influcnces on borehole yields are very sigmticant. In the study
area. boreholes located i Matlunds and valleys commonly yield more water than
boreholes sited on hilly upland areas or on hillsides. However, a monitoring borchole
358C 03 which is artesian (flowing well) was obtained on a hillside at Gurungu. It
is sitvatcd near the foot of a relatively steep slope with swarms of quartz and
pegmatite veins in the decomposcd zone as indicated in the drillers’ log. This
underlying weathered rock can form a substantial groundwater reservoir and may be
receiving some water from fractures in the bedrock, thereby enhancing the yield in
the aguifer

‘The high yielding wells are open to numerous fractures that are found within
the weathered zones below the water bearing zone in flatlands and valleys. However,
most of these borcholes can no longer provide enough water for the growing
population in the region as demand increases put pressure on the groundwater
resources of the area.

Parry et al (1987) reported that the boreholes are yielding less water and are
not able to provide a continuous supply of water. He further discussed that the
boreholcs can o longer sustain the discharge capacity of the pumps used during the

project
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MMARY OI BOREHQLE YIELDS
ACCORDING TO GEOLOGY.
YIELDS (Vmin) STANDARD
GFOLOGY NO.OF DEVIATION
ainivum (| Maxives | vEAN
)
Granites 66 45 1350 | 228 203
56 45 1485 | 235 25
Phyllites 30 45 2700 | 261 196
Schists 40 45 700 | 333 04
Total Wells | 192 45 2700 | 274 22.8
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TABLE 13 SUMMARY OF BORENOLF YIELDS
ACCORDING TO TOPOGRAPIY
YILLD O sy STANDARD
No OF DEVIATION
ssistint | masinione [ ean
WHLLS [
Flatland 138 45 270 0 281 24.8
Hillside 2 45 900 | 202 16.0
Valley 2 45 370 174 88
Total Wells 192 4.5 208.2 18.8 124
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In any case. most of these borcholes are heing redeveloped and rehabilitated
10 4 large extent. New Village Level Operation and Mainicnance (VLOM) pumips

“ich s the Afridev and Nira pumps are also being installed to replace the old Moyno

and Monarch pumps

STATIC WATER LEVELS

Static water levels measured during pump installations in 107 boreholes vary
from 0.8 m 10 21.3 m below ground level with an average of 8.6 m and a standard
deviation of 4.2 m.

About 82% of the borcholes have static water levels not exceeding 10 m
(Figure 12). The effect of geology on static water levels is shown in (Table 14).
Boreholes drilled in granite have the least average static water levels. Those drilled
1n greenstones and phyllites have comparable average static water levels.

Comparable average static water levels were noticed from 70 borcholes drilled
in flatlands and 12 borcholes drilled in valleys The averages are 8.8 m and 8.7 m
respectively as shown in Table 1§

Evidence to support the regional decline of water levels in the study area can
be shown from the comparison of static water levels measured during the study from
105 boreholes and the static water levels obtained from the same boreholes at the time
of construction. Table 16 gives an average of 8 6 m for the original static water levels
recorded at the time of construction and an average of 10.9 m from the siatic water
levels measured during this study. In addition, an average decline of static water
levels in 76 borcholes was 4.1 m and an average risc of static water levels in 29

borcholes was 2.5 m
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TABLE 14

SUMMARY OF §

ACCORDING TO GEOLOGY

GEOLOGY | NO. OF STATIC WATER LEVEL (1 STANDARD
WELLS DEVIATION
MINIMUM (| MAXIMOM | MEAN
)
Granites 51 09 17.4 79 3.7
Greenstones 26 0.8 14.3 8.7 3.8
Phyllites 14 1.3 15.6 8.5 4.1
Schists 16 31 21.3 10.9 A3
Total Wells 107 0.8 21.3 8.4 4.2
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TABLE 15 SUMMARY. OF STATIC WATER LEVELS

ACCORDING TO TOPOGRAPIHY.
TOPOGRAPIY | NO OF STATIC WATER LLVELS (m) STANDARD

WELLS DEVIATION

MiNmum | maxivum | MEAN
[

Flatland 70 0.8 17.4 8.8 4.4
Hiliside 25 1.2 21.3 7.8 4.1
Valley 12 2.7 7.0 8.7 3.1
Total Wells 107 0.8 21.3 23 4.6
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TABLE 16:
BOREHOLE ORIGINAL YEAR CURRENT YEAR STATIC WATER
NUMBER SWL(m) SWL(m) LEVEL DIFFERENCE (m)

43812 70 1975 78 1995 08
43761 34 1975 83 1995 49
437F 1 70 1975 1.8 1995 48
MY 52 1975 69 1995 a7
444F 2 58 1957 56 1995 02
4030 1 122 1975 165 1995 43

[ oa 125 1975 92 1995 33
3s8C 3 12 1975 06 1995 +0.6

(FLOWING)

401G 6 1977 205 1995 -z
400A3 182 1977 166 1995 04
3980 3 82 1977 134 1995 51
3980 4 162 977 1”37 1995 25
3980 5 98 1977 "o 1995 21
3980 & ne 1978 126 1995 0.7
398G 6 125 1977 84 1995 1
398G 7 201 198 21 1995 20
98H 7 101 1977 76 1995 *25
oo 1 34 1974 7 1995 103
39814 76 1975 a1 1995 T
0805 27 1975 23 1995, w04
39616 55 1975 ) 1995 s
298113 25 1976 73 1995 52
398C 1 09 1975 83 1995 %
398C 2 101 1975 85 1995 “7
T T I N T —
401G 2 61 1974 154 1995 93
401G 3 10.0 1974 108 1995 o7

(-) IMPLIES THAT STATIC WATER LEVEL HAS DECLINED
(+) IMPLIES THAT STATIC WATER LEVEL HAS RISEN
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BoREHOLE | omomaL | YEAR | CURENT [ YEAR [ e m
401G 4 67 1975 ns 1995 48
40169 104 1975 130 1995 26
401G 16 43 1977 72 1995 29
401H 2 55 1975 34 1995 21
401H 3 189 1975 66 1995 +123
4WIHT 16 138 1995 22
40MH8 64 1977 154 1985 -9.0
200C 3 82 1978 19 1995 37
396G 4 89 1977 282 1995 193
399C 6 165 1977 173 1995 08
390C 9 58 1978 75 1995 L
4380 10 37 1977 49 1995 12
4380 12 18 1977 53 1995 35
4380 13 49 1977 79 1995 =30
438D 15 "3 1977 22 1995
4380 19 174 1978 185 1995 +09
43BE S 107 1976 73 1995 +34
438G 18 134 1977 106 1995 .28
438G 24 85 1978 62 1995 23
43811 79 1975 73 1995 06
437E6 86 1975 76 1995 10
437E 10 43 1972 78 1995 -35
437E 11 64 1975 146 1995 82
437E 16 73 1975 72 1995 01
AT 17 43 1975 126 1995 83
437E 32 17 1978 170 1995 33
437F 6 64 1975 "z 1995 53
43F 9 82 1974 2086 1995 124
A37F 14 24 1977 140 1995 1186
437F 17 76 1978 81 1995 0.5
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PonnorE | el e |G | " | Level Direnence o
43F 18 oe 1978 Tt 1995 53
47 20 122 1978 170 1995 7]
T o2 79 1978 104 1995 25
F 25 308 1978 345 1995 37
TE) 27 1975 69 1995 4z
s 7] 1975 84 1995 72
a7 70 1975 138 1995 68
S ) 1976 52 1995 05
T 14 58 1978 95 1995 o7
4aTH 15 I 1978 61 1995 EE}
3T 16 61 1978 73 1995 iz
X X 1978 37 1995 09
Gk 17 92 1955 189 1995 97
4380 4 95 1975 52 1995 13
439F 20 [ 1978 106 1995 21
w5 70 1976 1995 09
i s 56 1976 61 1995 03
398C 12 156 1977 200 1995 a4
308C 13 104 1978 e 1995 EE)
398C 14 46 1978 7 09
39 2 92 1977 94 02
oF 2 7 1976 58 7
399F 3 34 1976 45 1995 ET]
399F 6 21 1977 ) 1995 48
399F 8 36 1978 46 199 2
3991 1 64 1976 50 1995 26
309 ¢ [1E) 1978 185 1995 72
3991 5 e 1978 214 1995
400c 3 52 1975 st 1995 3
4000 12 122 1978 132 1995 T
4008 2 58 1976 87 1995 T
S ¥

9 <\




(AGLE 16 (conanvea)
T | w7 | Swm | |kt
400E 5 213 1977 120 1995 93
400F 2 61 1975 70 1995 09
400F 8 31 1977 56 1995 25
400F 10 55 1978 62 1995 07
4006 1 95 1975 190 1995 95
400G 3 122 1977 127 1995 05
400G 5 159 1978 217 1995 58
400H 1 125 1976 69 1995 56
400H 11 31 1978 108 1995 77
401A3 95 1975 85 1995 o
401A5 98 1975 12 1995 34
401A6 67 1975 66 1995 0.1
40188 95 1958 101 1995 06
18 37 1978 1o 1995 73
a7H 19 49 1978 57 1995 08
437H 20 31 1978 35 1995 04
434 73 1978 %] 1995 08
403A3 162 1977 166 1995 04
3980 3 82 1977 134 1995 5.1
398D 4 162 1977 137 1995 25
3980 5 1977 119 1995 2.1
3980 8 19 1978 126 1995 07
198G 6 125 1977 8 1995 41
398G 7 201 1978 2.1 1995 20
398H 7 101 1977 76 1995 +25
3981 1 34 1974 17 1995 103
3981 4 76 1975 a1 1995 25
3981 5 27 1975 23 1995 04
39816 55 1975 40 1995 s
3981 13 125 1976 73 1995 w52
396C 1 09 1975 o3 1985 S
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Over 2 20-year period. about 72% of the borcholes in the region have declined
in their water levels considerably. whilst 28% have risen in static water levels. The
only flowing artesian well seen during the study was found at Gurungu in the Wa
district.

Bannerman (1990) reported that the area is a water-deficit region and normally
experiences a dry season of six months duration. Sometimes, this period is exceeded
and feads to the drying up of many water bodies. Moreover, it was observed during
the study that in low rainfall months. the mhabitants depend mainly on the boreholes
for theic water supply which in most cases cannot provide enough water for the
population. This is evidenced in the reduced yield of some of the boreholes in the
Upper West region which can be related to a significant decline in water levels.
Possible causes of the decline can be attributed o reduced recharge. low rainfall,
creased surface run-off and excessive withdrawal of water from the boreholes.

Data obtamed and analysed serve 1o show the cyclic Huctuations in
proundwater levels and its dependence on the rainfall regime. Continuous
measurements of static waler levels in five monitoring boreholes from August 1993
10 August 1994 for one year indicates that the cycle of rise of groundwater levels in
the rainy seasons and declme in the dry seasons continues, independent of responscs
10 focal pumping

The hydrograph of monitoring borehole number 398C 1 (Figure 13) shows
steady decline in water levels in dry months and the risc of water levels in rainy

‘months.
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Large water level fluctuations are also caused by nearby groundwater pumping
and 10 some extent caused by borehole clogging thus leading (o turbulent flow
processes which as a consequence reduce the efficiency of the boreholes.

The seasonal trend was caused mainly by preater withdrawal of groundwater
during the drier months. The average static waler level obtained within the year for
Whis borehole is 8 1 m below ground level

Figures 14,15,16 and 17 show hydrographs of monitoring boreholes 401A 7.
401G 6. 400D 4 and 403D 1 respectively which also indicate fluctuations related to
seasonal changes in pumpage. Average static water levels recorded below ground
level in cach borehole is 4.2 m. 9.7 m, 26.0 m and 19.8 m respectively. The water
level fluctuations in borcholes 401G 6 and 403D 1 which obtain water from the
moderately decomposed zones in granites is higher than that found in borcholes 401A
7 and 400D 4 which were scicened i Birimian schists. Generally.the sharp changes
in the watcr levels of these borcholes can be attributed to the mfiltiating capacity of
the soil during ramtall. the soil moiswre deticit and the permeability of the rocks.
However. the water level trends are similar with a gradual rise in water levels during
the rainy scason and a sieady decline of water levels in the dry scason,

These obscrvations explain clearly that factors which are likely to influence
groundwater levels i the regwon are related to the hydrology of the arca especially
evapotranspiration and the tate of recharge Recharge depends on the rainfall
intensity. distribution. the amount of run-off and the nature of the soil surface. In

gencral, rainfall 1 low in the arca and its annual distribution s very poor.
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Seasonal changes in the water levels can also be related to seasonal changes in the use
of water by vegetation and the rate of soil moisture evaporation.

Figure 18 illustrates the relations of temperature with rainfall for four
consecutive years in the region. High temperatures are usually associated with dry
periods when there is virtually little or no rainfall, whereas low temperatures are
experienced in rainy periods During the rainless months, temperatures are very high.

Paulachock (1991) discussed that water level fluctuations arc caused by
varauons in recharge, water use and evapotranspiration. The adverse effects of
relatively low or falling groundwater levels lead to desertification which in all
probability will eventually include a reduction in recharge. Gombar and Kent (1987)
reported that the rates of recharge and recharge volumes can be calculated by long
term measurements of water levels in borcholes

A further indication of water level declines in the region can be abserved from
Figure 19 which shows the static water levels recorded from nine monitoring
boreholes at the time of construction and that of static water levels recorded at time
of study in the same boreholes at some comimunities. Except in Gurungu, where the
borehole is flowing, there is an appreciable decline in the static water levels of most
borcholes

Mareover, has serious on the

vegetation and when it rains, there is just lutle infiltration into the soil. In addition,
the sun's intensity s high and bakes the soil surface and prevents the easy infiltration
of water into the soil and also hinders subsequent percolation into the groundwater

circulation system which contributes to base flow
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RELATION BETWEEN BOREHOLE PROPERTIES

The present study indicates that there exists some relationships between well
properties in the borcholes. ‘Table 17 compares well yield with other borehole
properties such as overburden thickness, borehole depth, auifer depth, aquifer

thickness and static water levels

i refationship between

Across the study area. it is clear that there 15 a sigmifi
overburden thicknesses and yields About nincty percent of the boreholes have
overburden thicknesses exceeding 15 m with yields of not less than 10 Umin. It is
noied that overburden thicknesses in the boreholes encountered in granites and
greenstones have comparable mean thicknesses of 21 1 m and 23.3 m respectively
Boreholes drilled in flatlands are usually associated with thicker overburden.

“The correlanon cocfficient between aquifer depths and borehole depths is 0.66.
This indicates a tan relatonship of aquifer depths with borehole depths. This is
because decper boreholes were drilled when water bearing zones were not intercepted
at shatlower depths. Morcover. deeper wells were drilled where water was obtained
from such deep depths

The static water levels and yields in boreholes correlate significantly in the
study area. The higher the yield of a well. the shallower the static water level. This
is because, factors that causc increased yield such as the lithology of the arca, the
topographical setting and the structural geology of the area, also causes static water

levels to tse in a well,



TABLE 17
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RESU] OF PEAI N ATIO)

COEFFICIENT IN BOREHOLE_PROPERTIES

BORENOLE PROPERTIES CORRELATED COEFFICI oF
CORRELATION
. Overburden thickness and yicld 0.68
b, Borehole Depth and Yield 0.14
. Aquifer Depth and Borehole Depil 0.66
d.Yield and Aquifer Depth 0.16
€. Aquifer Depth and Aquifer Thickness 0.12
f._ Overburden Thickness and Aquifer Depth 0.78
8. Overburden Thickness and Borehole Depth 0.43
h.  Yield and Static Water Level 0.55
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There is no direct relationship between well yields and borchole depths.

However, in some cases, variations in well yields are auributed to increases in

Ji ind locations, the

Whatever

chances of obtaining moderate yickds are enhanced by increasing the depth to a much

greater extent than expected

Data obtatnied from borcholes were also subjected (o fegression analy sis From
“Table 18. a multiple regression on yicld with overburden thickness and aquifer depth
gave a value of 0.33 and 035 From these results, 1t 1s obvious that the overburden

thicks d aquifer depth have borehole yields. The yield obtained

from a well depends on the fracturing and weathering characteristics of the rock type.
Further analysis indicated an increase in yield by 0.15 /min for every unit rise in
static water level.

Tables 19 and 20 show the influcnce of aquifer depth. aquifer thicknes,
overburden thickness and static water levels on the yields oblaincd from granitcs and
preensione rock aquifers respectively. It is evident that yields are increased
respectively by 0.55 Vmin . 0.62 I/min.. 0.63 Umn. and 0.71 Imin. with a unit
increase in aquifer depth. static water level, overburden thickness and aquifer
thickness in the granites. In the grecnsiones. the yield increascs by 2 19 Umin. by a
unit increase in aquifer thickness  Thicker aquifers usually yield more watcr. This
is 50 because of the numerous Iractures and quartz veins present in these rocks that

sesult in deeper weathering
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VARIABLE REGRESSION
COEFFICIENT
a  Aquifer Depth 0.35
b Aquifer Thickness on |
¢ Overburden Thickness 0.33
d. Stauc Water Level 0.15
e Borchole Depth 0.34
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TABLE 19:  REGRESSION ANALYSIS FOR BOREHOLES IN GRANITES

DEPENDENT VARIABLE: YIELD

VARIABLE REGRESSION

COEFFICIENT
a. Aquifer Depth 0.55
b Stalic Water Level 062
. Overburden Thickness 063
0.71

d. Aquifer Thickness
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TABLE 20: REGRESSION ANALYSIS FOR BOREHOLES IN GREENSTONES
DEPENDENT VARIABLE  YIELD
VARIABLE REGRESSION COEFICCIENT |
a. Aquifer Depth 075
b. Static Water Level 0.76
¢ Overburden Thickness 0.57
d. Aquifer Thickness 219




University of Ghana http://ugspace.ug.edu.gh

TABLE 21: REGRESSION ANALYSIS FOR BOREHOLES IN PHYLUTES

DEPENDENT VARIABLE: YIELD

VARIABLE REGRESSION COEFFICIENT
a Aquifer Depth 937
b. Overburden Thickness 250

¢ Aquifer Thickness 488
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TABLE 22: REGRESSION ANALYSIS FOR BOREHOLES IN SCHISTS

DEPENDENT VARIABLE" YIELD

VARIABLE REGRESSION
COEFFICIENT
a. Aquifer Depth 1.50

b. Aquifer Thickness. 7.44
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Table 21 shows that a unil mcrease in aquifer depth, aquifer thickness and

thickness yield in boreholes drilled through phylites by 9.37

Vimn., 4.8 V/imin and 2.51 l/min. The same conditions occur in the schists. where
a uni increase in aquifer depth and aquifer thickness gives an increase in yield by 1.5
Vmin. and 7.4 Vmin. respectively (Table 22).

Norgbe (1994) discussed that the lugh increase in yield 1s possible in the
schists because. though the micaceous and feldspathic schists decompose (o clays and
permeability is reduced appreciably., the schists having marked schistosities coupled
with the presence of quartz veins and fractures ~give rise 1o porous weathering
products which aids in groundwater storage. Relatively high yields have been obtained
from the moderately decomposed zones in quartz-rich schists.

Areas in Nandom, Lawra, Kalsara and Kuo obtain significant supplies of water
from schists. The phyllites, give rise to an argillaccous soil upon weathering and
actually exercise strong control on groundwater movement by reason of their lack of
jointng  However, if the rock is strewn with fractured quantz veins then relatively

moderate 10 high yields are obtaincd from phyllites

58 AQUIFER PROPERTI
SK 1 DISCUSSION OF CONSTANT-DISCHARGE TES

Time drawdown plots derived from pumping tests are necessary in the

prediction of future water level changes that reflect long-term cffects of conditions at
the aquifer boundaries
There was oot cnough data available for the detcrmination of aquiter

paramelers
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However, values computed for transmissivity using Cooper-Jacob(1946) solution
technique range from 1.2 to 108.2 m/day in 47 boreholes (Table 23). The average
ansmissivity value is 35 2 mé/day and the standard deviation is 30.1 m'/day.

The closeness of the standard deviation value 1o the average value indicates
the wide variations and extremity in transmissivity values of the hasement rock
aquifers in the Upper-West region. Banoeng-Yakubo (1989) obtaincd transmssivity
values ranging from 1 1t 98 3 m'/day in the basement complex rocks of the Upper
regions of Ghana and an average of 22.2 m/day for 52 wells. These values were
computed using the Cooper-Jacob (1946) method.

It is worth mentioning that transmissivities computed for the study were
obtained from pump tesis conducted for only one hour. According to Giernaert
(19891, several aquifer paramcters determined from short term pump tests do not
represent actual values To some extent, this is due to the generally localised and
discontinuous nature of aquifers in crystalline basement rocks,

“The transmissivity values oblained from 23 gramitic rock aguifers range from
2.6 t0 108.2 m'/day. The average and standard deviation values are 33.2 and 27.0
miday respectively  Four aquifers in the greenstones were evaluated for
transmissivity values. The values vary between 8.1 and 107.3 m/day. An average of
48.0 m'/day and a standard deviation of 45.5 m*/day were ubtained

Transmissivity values for 12 phyllitic rock aquifers range from 1.2 10 90.3
mi/day An average and standard deviation of 37.4 m¥/day and 31.5 m¥/day were
obiained respectively. For eight schist aquifers, the transmissivity values range
between 7.2 and 99 6 m*/day. The average is 33.6 m*/day and the standard deviation

is 31.2 m/day.

12
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LABLE 25 SUMMARY Ur AuuIrin GHaR)

DURATION W TRANSMISSIVITY (meiday)

UMBER LOCATION {HOURS) C(:’,/Aﬂg;r “AcoB | REcovERY TEST GEOLOGY
A%C3 Tuopare 1 127 232 . Granitte
AHE Babile. 1 70 128 Granite
4030 1 Fian 1 54 132 g Granite
MaFT Sibelle. 1 178 1082 Granite
7F 1 Eremon 1 93 169 Granite
400A 1 Busie 1 93 174 . Granite.
4380 1 Dowine 1 %62 488 » Phyflite
400F 5 Duong 1 83 153 - Schist
20005 Kuo 1 75 140 Schist
QM5 Kumasal 1 102 188 . Granite
2081 14 Nakort 24 157 289 325 Greenstone
am 7 Babile 1 29 53 Granite
am1e Biits 1 75 139 . Phyfite
W00F 2 Saan L 308 565 - Granite
013 Boo. 1 3 T2 . Schist
e Amburl 1 145 %8 . Phylite
817 wa 2 133 25 562 Granite
ES Dis [ 26 594 Greenstone.
WeF & Sorbelle 1 24 445 N Gronte
87 Kpan 1 163 EIR} . Granite
W16 Buits 1 as EH) : Gk
3 Janoure. 1 29 54 + Phylite
11 Bk ' %5 %03 5 Phyfite
NE2 Yagtuurl » 107 196 .

ES Kikaila 1 62 ny -

WF 14 Duon-Dia 1 14 26 '

1S W 2 20 %66 21

WFe Yaro 1 519 s

Lk Busie 1 559 96 -

L1 ‘Sampina 1 322 579 -

"
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REHOLE DURATION | SPECIFIC | TRANSMISSIVITY (viday)
WVBER LOCATION (HOURS) | CAPACITY GEOLOGY
(miiday) | JACOB | RECOVERY TEST
wG S Kuun 1 [ 186 Phylite
90013 Wa (cathohe 2 543 1005 195 Granite
seminar)
912 Sampina v 156 284 Grani
00 4 Ouong ' 100 187 Granite
400€ 1 Kalsara T 85 153 Granite
9C 3 Tuolo 1 07 12 Grante.
g Wa (urban) 2 nss 1830 2134 Greenstone
=320 Duon 1 559 575 Phylite
nmr Tanchara ko 1 a1 580 - Schist
138619 | Jrapa Sec. Sch ' 130 22 Granite
w16 19 Wa Lamanyi ) 416 71 90.1 Granite
10 15 Sasbayni ' 0 74 Granite
907 Bre 1 163 307 . Granite
0 17 Nban 1 178 62 Granie,
720 Lowia ' 376 707 Geantte
uB2 Nandawala ' 300 1082 Granite
W0ES ' (5] 166 Granite
w3 1 83 153 Schist
920G 14 1 43 81 Greenstone
a7ES Tuon 1 198 63 - Schist
016 1 Sing (Wa) 1 68 83 3 Granite
G Jirapa-Yipala 1 1019 1073 Greenstone
Soec 1 Kaleo 1 108 172 Greenstone
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Chilton and Foster (1993) discussed that low values of transmissivity are likely
to exhibit significant variations in yield and responses o abstraction This is

of the yields and i obtained from aquifers in the study

area However, transmissivitics aie generally igher in the granitic rock aquifers than
10 the schist rocks even though they have comparable average transmissivity values
The small number of aquifers encountered m the greenstones makes 1t

umepresentative for any weanmglul discussion though the highest average

transmissivity value obtaincd in (he study was in the greenstone aquifers. The same
observation was made by Banoeng-Yakubo (1989) from his studies in the calculation
of transmissivity values from greenstone rock aquifers in the Upper regions of Ghana
Using the Theis Recovery method. the ransmissivity valucs for six boreholes
range from 19.5 to 213.4 m¥/day The average value was 82.3 m'/day. Those
calculated from the same borcholes using the Cooper-Jacob (1946) solution technique

an average value of 75.2 m'/day.

gave a range hetween 24.5 and 183.4 mi/day

‘Transmissivity values from the recovery data are higher than those obtained
from the Cooper-Jacab (1946) solution technique. This is because, during the
recovery period. water levels are measured without any interference from pump

adjustments to changing head during the constant-discharge rate fest. |

N iy
accurate results are obtained from recovery data. / b »
*
\<
%
SPECIFIC CAPACITIES \7\

Driscoll (1989) detincs specilic capacity of a well as the rate of discharge per
unit drawdown. Specific capacity varies with the duration of discharge. Essentially,

the ime at which the specific capacity of a well is obtained is very necessary.
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Other factors which influence the specific capacity of a well include the hydraulic
characteristics of the aquifer. the partial or total penetration and the cffective open
atca of the screen (Bierschenk, 1963)

The specific capacitics of six boreholes tesicd for 24 hours during the study
 the Wa well ficids were computed over the test period. A mimmum specific
capacity of 2.0 m¥/day and a maximun: value of 115.8 n/day was obtamed for the
six borcholes The average specilic capacity value is 40 5 m*/day and the standard
deviation 1s 41.7 m'/day. Again, this exhibits the wide measure of dispersion n
specific capacity values in the study arca.

Forty-seven boreholes tested for one hour have specific capacities ranging
from 0.7 to 101.9 m/day with an avcrage and standard deviation value of 22.3 and
24.9 wi/day respectively. The amount of deviation from the mean is high, which
explains the heterogencous and localised nature of aguifer in the region

Granitic rock auifers cncountercd in 23 borcholes tested for one hour and
have specific capacity valucs ranging between 1.4 and 52.0 m*/day. The average is
16.3 miday. In schists, the average specific capacity is 21.6 mi/day with values
varying from 3.9 to 55.9 m*/day for eight aquiters The standard deviation is 21.7
m’/day.

“The specific capacitics of wells tested for one hour range from 0.7 m/day to
96 5 " day m twelve phylline ayuifers. The mean value is 21.7 mi/day. Greenstones
have specalic capacity values varying between 4.3 and 101.9 m¥/day with an average

of 37 4 mi/day in four boreholes tested for one hour.
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“The range and standard devration values of specific capacities obtained in the
various rock aquifers deviate greatly from their mean with common wide disparities.

This may be due to the fact that, aquifers in the study arca are variable in extent.

thickness, composition and hydraulic characteristics. The variable lithologics and
degrees of fracuring intersected by the borcholes also account for these diferences
in specitic capacity values.

Chilton and Smith-Carington (1984) agree that these specific capacities ate
enough to susiain rural water supplies. Sixty percent of the boreholes tested for one
hour have specific capacities of over 50 m¥day, a minimum value required to
achieve a village water supply of 10 Vmin.

Hazell et al (1992) reported that in the crystalline bascment rocks of Kano
state in Northern Nigeria, the mean specific capacities of unditferentiated granites n
weathered and fractured aquifers is 14.9 m'/day and 16.9 m'/day respectively. The
average specific capacities obtained from the weathiered aguifers in granites is 17.6
m/day in the stwdy arca and that obtained from fractured aquifers is 15.8 m/day. As
drawdown increases, there is a marked decrease in the specific capacity. Driscoll
(1989) explains that this decrease depends on the geologic origm of the aquifer.

From Table 23, high specific capacity values arc usually associated with high
tansmissivities From earlier discussions, the average specific capacity values in
phyliites and schist rock aquifers are comparable. However, according to Ajayi
(1987). the productivity of wells can only be compared if a pumping period is chosen
and the yield of these wells are compared at a specified level of drawdown.
Therefore. in real terms, 1 1 mproper (o compare the average specific capacity

values that have been oblaucd
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583 DISCUSSION OF STEP-DRAWDOWN RESULTS

Step-drawdown lests were performed for five boreholes in the Wa well fields.
‘The analysis was done using the Jacob (1947) graphical solution method.

A case study is one of the Wa (Urban) South-west boreholes in the well fickt
This borehole, 3981 15 was drilled m a flatland and screened through granite. The
final depth of the borchole 15 58 m The overburden thickness is 32 m and the depth
10 top of the aquifer is 41 m. 1t has a static water level of 9.02 m and the dynamic
water level after 24 hours of pumping is 32.18 m.

A step-drawdown test consisting of 3 steps with each step lasting for one hour
was conducted by the Kumasi Drilling Unit of the Ghana Water and Sewerage
Corporation (GWSC) during the study The test was performed at discharge rates of
130 m*/day, 156 m*/day and 176 m*day. The origin of time for all stcps is taken as
the beginning of the test

The formation and well loss constants, 3 and C were calculated [rom equation
(4.16) as shown in Figure 20 The calculated drawdown obtained from the values of
B and C are illustrated 1 lables 24a and 24b. The formation loss constant, B, is
0.096 m? day. The formation loss component of the total drawdown is 16.89 m.
Further, the weil loss constant C is 00004 m * day . The well loss component of the
total drawdown is 12 39 m calculated for the same borehole. The computed total
drawdown is thercforc 29.28 m. The maximum discharge at which the step-test was
pertormed for this borchole 15 176 m*/day The actual drawdown after 24 hours of

pumping is 22.98 m and the discharge rate for the constant rate test is 160 m'/day.
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“The efficicncy of this borchole after one hour was calculated from the ratio
of the formation loss component. BQ to the total drawdown, S, (Jacob. 1947). The
efficiency of borehole numbcr 3981 15 after one hour of pumping is 58%. This
implies that the well loss component. CQ? of the total drawdown has introduced
netficiencies to the borehole performance by 42% . Banocng-Yakubo (1989) indicated
in his studies that such inefficiencies introduced by the well loss components hinder
groundwater abstractions and significantly reduce the yield of the boreholes.

Corrective measures such as the redevelopment and rehabilitation of the |
boreholes should b implemented to remove these  inefficiencics. Most of the |
borcholes should be pump-tested for a longer duration to determine the aquifer
parameters and how sustainable determined yields are when projected over long ! I
periods of pumpin

Results of the step-drawdown analysis shown in Table 25 were used in the

calculation of borehole efficiencies after one hour of pumping. The result indicated

that none of the boreholes analysed had inefficiencies exceeding 75%.

AQUIFER TYRES IN OBS

Groundwater ovcurs mainly within the overburden and in fractures within the
bedrock. Thice types of aquifers have been identified from the drillers' logs in the
Upper West Region These are the weathered rock aquifers which are fracture-
related. the fractured umweathred rock aguifers and the fractured quartz-vein

aquifers.

1y
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TABLE 24 a:
CALCULATED DRAWDOWN FOR STEP-DRAWDOWN PUMPING

TEST AT WA (BOREHOLE NUMBER 3981 - 15)
USING RESULTS FROM PLOT OF FIGURE 20

STEP Q (m'iday) S (m) S1Q x 107 (m'iday) QIS (m'/day)
1 130 1250 960 104
2 156 456 290 342
3 176 449 250 92
B = 96x 104 (m¥day) = 0096 (mday)
C= 4x10" (m'/day’) = 00004 (m/day®)
TABLE 24 b:
STEP | Q (miday) 8a (m) caz (m) SW=BQ + CQ* (m) 5
B =0.0004 m* day’ C =0.0004 m* day’) .
1 120 1248 676 19.34
2 156 1497 973 2470
3 176 16.89 1239 29.28

ibi}
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TABLE 25:

Summary of Formation and Well Loss Components
of Total Drawdowns Using Jacob’s (1947) Method

Sw ot . Sw=8Q+ca’

Borehole | Number | QMAX Bims | Cim*Oarst

Number | OfSteps | (mDay) |testim) [ Day) swim [Ba(m [ cat=m
3001 13 . 00 | 579 | oours 00002 wer | 093 874
30801 3 1881 | ser | 00800 00017 212 [ 1 061
w0164 4 198 | 479 | oooes 00019 200 [ 129 073
3081 15 3 e | 277 | ooso 00004 228 | 1609 | 1239
4016 19 3 1049 | oozes 00103 907 | s 360
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v the case

Aquiters in the weatliered zone are well developed as is commion

o the rocks in the stwdy arca. Vinually. all the

10 alest seventy-five per
nfiltraung water moves through the weathered zone before 1t can percolate into the
deep fracture systems in the fresh unweathered rock. Thus, groundwater is stored
transiently in the weathered zone

This groundwater generally forms a continuum with that stored in the deeper
fracture system of the bedrock. In some cases. the fractures are inferspersed within
the weathered zone

During the project in the mid-seventics, the borehole drilling programine was
basically focused on obtammg yields required for borehole completion from the
weathered zone. This policy. therefore, affected how deep the drilling should be
carried out. hence explaining why most boreholes in the study area were completed
in the moderately decomposed zones

Aquifers were also encountered in rocks where fractured quartz veins
traversed the rocks. These aquifers are normally observed to be very productive.
Yietds are enhanced when many fractured quartz veins cross cut the rocks. The
fractures superimpose secondary porosity on the rocks and increase their porositics
and permeabilitics

Among the twenty-three observation borcholes. sixteen were drilled in the
granitic terrains, while two were completed in Birimian phyllites and five in the
Birumian schists In the eranitoids. twelve borcholes obiain water from the weathered
zone and 1our ot the horcholes tapped water from weathered zones within the

Hinmian sieeastones
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About 61% of the boreholes were mainly completed in the moderately to
slightly weathered zones as indicated in (Table 26): whilst 39% of the monitoring
boreholes were completed in fresh bedrock. Nine of the monitoring borcholes tap
water from fractured rock aquifers

Generally, 65.2% of the monitoring boreholes obtain water from the
weathered zonc. while 17.4% of the boreholes have aquifers in fractured rocks and
fractured quartz veined rocks respectively (Table 27). For instance. borehole 437E
5 at Furo oblains water from a decomposed fractured quantz vein schist and borehole
401A 7 taps water from a weathered schist aquifer at Jang. The weathered zone
wsually comprises areas of deep rock decomposition and are considered to have the
ighest potential for successful boreholes, when fractures and quart veins are strewn
wuhin the weathered zone. The presence of these structural features serve as a guide
10 turther dlling ko the fresh bedrock.

Tahle 28 indicates that about 74.5% of the production boreholes tap water
from the weathered zones whilst 1% obunn water from fractured quartz-vein rocks
and 10% receive water from fractured rock aquifers. In Lawra, borehole 437E 8 taps
Water from a fractured greenstone aquifer. while at Kodouni, borehole 398G 4
recerves water from a fractured quartz vein phyllitic aquifer

A closer stdy of the borchole logs clearly reveal that about 70% of the
aquifers in the production borcholes are within areas of moderately 1o slightly

weathered zones.
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TABLE 26: NUMBER AND PERCENTAGE OF DEGREES OF WEATHERING
IN THE LITHOLOGIES OF MONITORING BOREHOLES

Degree of Number of Percentages
Decomposition Boreholes
Highly = .
Weathered
Moderately 14 61
Weathered
Poorly 9 39
Weathered
Total 23 100
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TABLE 27: NUMBER AND PERCENTAGE OF AQUIFER
TYPES IN THE MONITORING BOREHOLES,

UPPER WEST REGION

AQUIFER NUMBER OF PERCENTAGE
TYPES BOREHOLES

FRACTURED 4 174
QUARTZ VEIN

FRACTURED a 17.4
WEATHERED 15 65.2

TOTAL 23 100
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TABLE 28: Numbers and Percentages of Aquifer Types in

the Production Boreholes Upper West Region

AQUIFER TYPE NUMBER PERCENTAGES
Fractured Quartz Vein 26 155
Fractured 17 10.0
Wealhered 126 745
Total 169 100
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TABLE 29: Number and Percentages of Degrees of weathering

in the Lithologies of the Production Boreholes

Degree of Number of
Highly Decomposed 20 12
to shightly 119 70
Poorly wealhered EY 18
Total 169 100
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About 12% obtain water from the highly decomposed zones, unlike in the monitoring
boreholes where no borehole taps water from the highly decomposed zones. 18% of

the production boreholes obtain water from the poorly decomposed zones (Table 29)

DISCUSSION OF THE HYDROGIOLOGICAL REPRESENTATIVENESS OF
MONITORING BORFHOLES

The network of groundwater monitoring of boreholes produces a set of data
which depicts regional variations in the quantity and quality of groundwater and
factors aftecung these varations in geological, topographical and climatic
environments

Monitoring boreholes in the study arca are specific boreboles used o produce
water and at the same time to monitor production boreholes that surround them.
According to Sovert (1994), monitoring may be defined as a scientifically designed
surveillance system of - contmumng measurements and - observations  including
procedures. Monitoring requies thal data is obtained on a regular basis, whereby data
can be effectively used 10 ttack borehole performance which is vital if the maximum

long term yield of a borehole is o be realiscd.

Groundwater monitoring has been possible mainly in the use of observat
borcholes. However, investigations conducted by Bannerman and Ayibotcle (1984)
in the study area suygest that the most efficient way to monitor production boreholes
is 10 use the borcholes themselves. since the normal practice of having separate
boreholes (o monior the performance of production borcholes would cventually

involve high costs and logistical constraints
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During the project inception by CIDA/GWSC. a network of 23 observation
hreholes were established throughout the region to collect information related 0
proundwater level fluctuations.

Figure 21 shows the location of these borcholes and some production
borcholes surrounding them. The observation borcholes were selected upon the basis
of casy access to data collection. high yields and low drawdown due to pumping

“To determine the adequacy or otherwise of the existing netw ork of observation
boreholes monitoring the aquilers being tapped in the Upper West region. the relation
of the groundwater monitoring system with the hydrogeological conditions of
producing borcholes in the five districts have been studied and verified in the present
study. Based on the findings. it would be determined whether or not the current
monitoring borcholes are representative of the production boreholes. From Table 30,

clevations above mean sea level of some boreholes were measured with the Global

Positioning Sysiem (GPS, GARMIN 75) during the study These elevations have been
used 10 reduce the borehole depths and aquifer depths to mean sca level as reference.
To investigate whether the monitoring boreholes have any hydrogeological
relationship with the production boreholes surrounding them in the study arca,
borelwle depihs and aquifer depths were calculated  This was done with a view of
finding out 1t these monitoring boreholes were completed in aquiters that bottom at
the same depths as those of the production boreholes surrounding them

Inthe district of Tum, five observation borcholes were studied alongside with

Ihirteen production burcholes



University of Ghana http://ugspace.ug.edu.gh

Observation borehole nunber 444F 2 located in Pulima is about 2.5 km from Tumu,
the district capital. Production boreholes 444F 4 and 444F 3 are about 250 m and 275
m away from the observation borehole. They were all drilled in flatlands and tap
water from weathered granitic-gneiss rock aquifers Observation borehole 4441 2 and
the production boreholes have the same aquifer thicknesses of 6 m.

The static water levels in the observation borehole and the production borehole
444F 4 are almost the same with values of 5.8 m and 5.2 m respectively, while the
static water level of borehole 444F 3 1s 2.1 m and is 275 m from the observation
borehole

Aquifer depths above mean sea level vary in the production and observation
borcholes. The depth 1o top of the aquifer above mean sca level is 451.0 m in the
production borchole 444F 4 and 320.0 m in the observation borchole 444F 2. There
exists greal variations in the yield despite the fact that these boreholes obtain water
from the same rock type The yield of the obscrvation borehole is 103.5 I/min. and
that for the production boreholes 444F 4 and 444F 3 are 13.5 Vmin. and 31.7 Vmin.
respectively.

The high yield obtained from the observation borchole may be due to the
presence of fractured quartz vein intrusions intersecting the thick overburden of 23
m which was not encountered in the production boreholes.

There is indication that there exists no hydraulic connection between the
observation borehole and the production boreholes surrounding it Though, the three
boreholes have the same aquifer thicknesses, their yields, aquifer depths above mean

sca level and overburden thicknesses are different.
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Even though differences oceur in the properties of these boreholes, they obtain water
from the same rock type and aguifer and are also found in the same topographical
settings.

Jeflisi, a town situated 30 km south-west of the Tumu township on the Tumu-
Lawra highway s a town in the Tumu district, Borehole number 4431 | is an
observation borchule which 1s aboul 800 m away from the production borchole
number 4431 2. The aquiler depths above mean sea level in the observation and
production borcholes have close values of 300.8 m and 305.0 m respectively.
However, the production borehole yields 99 I/min. of water from a weathered rock
aquifer of granite-gneiss with an aquifer thickness of 6 m whilst the observation
borchole yields 22.5 Vmin. of water from an aquifer thickness of 4.6 m. The
observation borehole was drilled in a weathered granite-gneiss rock aquifer. They
both occur in Natlands.

Eight hundred meters apart. these borcholes differ in aquiler thicknesses with
varying yiclds as well. However. there exists « significant hydraulic link between the
observation borehole and production boreholes surrounding i, because they tap water
from the same rock and aquifer types. In addition. they occur in the same
topography and have close values of aquifer depths above mcan sea level.

At Nandawala, also in the Tumu district, borehole number 4418 1. an

observation borehole was drilled on a flatland and completed through 4 we:

hered
grawie gneiss ik aguifer. About 40 m from the observation borehole 15 a
production barchole number 4318 2. This borchole is situated o a hillside and also

oblains watcr from a weathered granite-gneiss aquifer.
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Both the observation and production borchole have the same static water levels and
aquifer thicknesses with values of 13.4 m and 6.1 m respectively

The obscrvation borchole has a yield of 90 I/min. and aquifer depth above
mean sea level of 270 m. The overburden thickness is 17 m. whilst the production
borchole has a yield of 9 I/min. with an aquifer depth above mean sca level of 313
m. The overburden thickness is 27 m. It implies that. though the production borehole
s quite near the observation borchole, it was situated at a hydrogeologically poor site.

Besides. moderate 1o high yields are normally expected from borcholes drilled on

*

Qatlands and valleys than on illsides. &
Despite the short distance between the two boreholes, the differcnces in yield (¢ <
z
\ e
and aguifer depths above mean sea level. as well as the topography in which the \Fo
JO

boreholes were located, indicate that there is no relationship between the observation W
borehole and the production borehole

In the JSirapa-Lambussie district, four monitoring borcholes aid forty-five
production borcholes were studied Observation borehole number 438G 3 completed
through a weatlered grcenstone aquifer is found in Jirapa-Yipala. This borchole is
ahout 100 m from a production borehole number 438G 1.

‘This burchole was however screened through a weathered granitic rock aquifer
in a Natland. These two boreholes have equal yields and aquifer thicknesses of 135
Vmn. and 12.2 m each. despite the different rock types in which they occur. I is
possible that there was a fracture relatcd quartz vein system connecting the two
horcholes. Surface manifestations also indicated localised zones of quartz veins

surrounding the boreholes which had a relative significance to the hydrogeology

«TH
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Overburden thicknesses in the two boreholes are alinost the same with 15.1
m recorded for the observation well and 13.0 m obtained for the production well. The
depths (0 10p of the aquifers above mean sea level in the observation and production
borchales are respectively 301.6 m and 304.0 m

Depending on the distance between the two boreholes and the aquifer depths
above wcan sca level as well as the structural systems connccting them, they are
likely to behave in a hydraulically similar manner. However. the extent of hydraulic
fink is minimal since moniloring may not he quite effective in boreholes tapping water
from different rock types

Observation borehole 438A 3 at Zumara in the Jirapa district is the only
borehole in this town. It taps water from a fractured greenstone aquifer in a atland
1t has an aquifer thickness of 3.4 m and aquifer depth above mean sea level of 264
m. It produces water at a rate of 15 Imin. Production borehole 438A 4 at Baazing
and 438A S at Lissa located 2 56 km and 1.35 km away from the observation
borehole respectively also taps water m a flatland from weatheied greenstone
aquifers

“These two production boreholes produce the same yield of 22.5 Vmin of water
and also have the same aquifer thicknesses of 6.0 m. The aquifer depths above mean
sca level i 438A 4 and 438A S arc 349.9 m and 238.0 m respectively. The
overburden thicknesses obtained are 23.0 m and 28,0 m respectively.

Duc to the distances. different aquifer types and aquifer depths above mean
sca level between the monitoring borehole and the production boreholes, there is no
relatwonship between these boreholcs. therefore. the production borcholes are not

being monttored by the vbservation borehole
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In Tuopare, observation borehole number 438C 3 was drilled in a flatland and
screencd through a weathered granitic aquifer. This borehole produces 18 min. of
water and has an aquifer thickness of 6.1 m and aquifer depth above mean sea level
of 280.7 m. A production borehole 438C 4 in Guri which is about 4 km away from
the obscrvation barehole in Tuopare was also drilled in a Natland but taps water from
4 weathered greenstone aquifer. It produces a yield of 18 Vmin. and has an aquiter
thickness of 6 m  The aquifer depth above mean sea level is 327.0 m. The same
hydrogealogical conditions could be persisting at these two places despite the distance
between the boreholes. However, due to different values of aquifer depths above
mean sea level and different rock types. thete exists no relationship between them

Seven obscrvation wells and fifty-seven production boreholes were studied in
the Lawra district. Observation borehole number 4371 9 in Babile was drilled
through a weathercd granitic aquifer in a valley It has an aquifer thickness of 7 m.

Thie aquifer depth above mean sea level is 220.5 m. It produces water at a rate

0f 22.5 Umin and has a transmissivity value of 12.8 m¥/day. Production borehole
437H 17 lucated about 600 m from the observation borehole cncountered water from
a weathered rock aquiter in granite. It has an aquifer thickness of 6.1 m and yields
water at a rate of 13.5 I'min  The aquifer depth above mean sea level is 272.0 m.
The transumssivity value vbtaned for this borehole s § 3 gy’ day

Even though the two boreholes tap water from the

ie ek npe ey have
differcat aquiter depths above mean sea level and ditferent transmisisiiy s alues
resulting 0 1o obvious hydraulic connection between them. Therefore, the
observation borehole is not representative of the production borehole since it does not

monitor the boreholes surrounding it.

136
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Borchole number 437E | is an observation borehole in Yagtuuri. [t obtains
water from a weathered phyllite in a valley. It yields 27 Umin. of water and has an
aquifer thickness of 6.1 m. The depth to top of the aquifer above mean sca level is
41.0m.

Similarly. production borehole 437E 2 in Yagtuuri is about 600 m from 437E
1. It produces water at a rate of I8 limin, from a weaibered phyliitic aquifer in a
valley. It has an aqutfer thickniess of 6.0 m and an aquifer depth above mean sea levet
of 153.0m

Another production borchole 4378 31 also situated about 850 m frum (he
observation borehole (437E 1) was screened through a tractured phyllite aguifer with
quartz veins intruding the phyllite, but this borchole is located on a hillside and
produces a relatively low yiekl of 9 Umin.

The aquifer thickness 1s 9.3 m and aquifer depth rclative 10 mean sea level is
260.0 m The fow yickd of il borchale may be duc (o its physiographic location,
since higher yickds are usually obtamed [rom valleys and flatlands than on hillsides.

Duc W the different aquifer depths above mean sea level and the different
aquifer types from which the monitoring and production borcholes tap water. there

exists no hydrogeological rclationship between the monitoring borchole and

production boreholes at Yagtuuri
Five manitoring borcholes were established in the Nadowli district. These
wells were studicd alongside with seventy-two production boreholes in the district
Borehole number 403D 1 15 a monitoring borchole located at Fian. It obtains water
from a fracored granitic aguifer in a flatland. It produces water at a rate of 4.7
n. and has an aquifer thickness of 6.1 m. The aquiter depth above mean sea fevel
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Approxunatcly 700 m from this observation borchole s a production borehole 403D
4 also in Fian. It is sitatcd on a hillside and obtains water from a weathered granitic
aquifer. Tt yields 9.2 Umin of water and has an aquifer thickness of 7 m. The
aquifer depth above mean sea level is 298.0 m. The topographical location of the
production borehole is unfavourable, but it has a higher yicld than the observation
borehole due to the presence of a thicker aquifer.

Because of the different aquifer types through which these boreholes were
screencd and the ditferent aquifer depths above mean sca level of both the production
and monitoring borehole, there is no hydrogeological similarity between them. The
monitoring borehole is not representative of the production borehole.

Borchole number 400D 4 is the only borehole that is pumped for domestic use
in Iziri. [t also serves as a monitoring borehole in the vicinity.

It obtains water from a weathered schist aquifer and is located in a valley. It
yields 27 Vamin. of water and has an aquifer thickness of 9.2 m. The depth 1 the top
of aquifer above mean sea level is 288.9 m

Production borehole number 400D 2 in Tangasia is about 4000 m (4 km) away
and taps waler from a weathered greenstone aquifer. It yields water at a rate of 27
Vmin and has an aquifer thickness of 12.0 m. The aquifer depth above mean sea
level 1s 260.0 m

the geology which 1s important in the type of aquifer developed and the
spacing between these two boreholes is too distant for any representativeness due 1o
the localised nature of aguifers in the region. The same values of yield in these
boreholes may be duc fo the occurrence of fracwure openings and quartz veins
encountered during drilling and possibly. the deever extents of weathering n the
different rock types. However. the tock types and the aquifer depths above mean sea
level mdicate that the momionng borehole and the production borehole are not
representative of each other

The Wa district has only iwo monitoring boreholes. These borcholes were
studicd with sixty three production borcholes. In Gurungu, obscryation borchole
number 358 C 3 was drilled through a fractured quartz vein granite on a hillside,
It yiclds 90 Vmin. of water and has an aquifer thickness of 20 m

13R
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A production borehole 358C 2 about 400 m away from 358C 3 1s i a flatland and
was completed through a weathered granitic aquifer. The static water level is 1.5 m
below ground level whilst the observation borehole is a flowing artesian well It is
obvious that these borcholes are not representative since they tap water from different

aquier types.
Gurungu is about 55 km from the district capital Wa. and it is doubtful

whether this observation borehole is monitoring some production boreholes in and
around Wa

Obscrvation borehole number 401G 6 which is located in Wa produces twenty-
seven litres of water. It obtains water from a weathered granite aquifer in a flatland.
Production borehole 401G 9 at Jahan College is about 850 m away from 401G 6. It
was drilled in a flatland and completed through a weathered granite aquifer. The yield
is 4.7 Umin. with an aquifer thickness of 6.1 m. In this situation, there exists very
little relationship between the two boreholes, though the yields are quite different,
they have the same aquifer thicknesses and were drilled through the same rock types.
The high yield in the observation borehole may be duc 1o the presence of quartz vein
Intrusions persisting in the weathered aquifer and its thick overburden.

In the foregoing discussion, the study has shown that hydrauhic connections
between boreholes in the region depends on the topography in which the borcholes
are sited. the ock type in which the aquifer 1s encouniered, the extent of fracturing
and weathering in the rocks. the aquifer depihs above mean sea level as well as the

spacing between the boreholes

19 o
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“The hydraulic link and arca of influcnce are limited in boreholes which are too
distant apart and there is minimum hydrogeological representativeness in such cases
since aquifer systems in crystalline tecrans are limited and localised in nature. Even
horeholes located near each uther can exhibit large differences in borehole propertics

The studies have indicated that there exists very little hydrogeological
telationship between monitoring and production boreholes in the region. [t has been
noted that. observation borcholes located about 150 m  apart from production
boreholes and those with the samie elevations and depths relative (o mean sca level are
likely to monitor the performance of the boreholes surrounding it

The groundwater monitoring network seems incffective due to the relatively
small number of observation boreholes across the whole tcgion The use of
production boreholes as monitoring boreholes in the study area does not augur very
well for any meaningful monitoring in the strictest sense. Typical examples can be
found in communities such as Piina, Tuopare, Zumara and lziiri where there is only
one borehole which serves both as an observation and production borchole for a

sizeable population.
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CHAPTER SIX

CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

The reyin w uiderlam by erystalline basement 1ocks which consist of

pranionds. Birmian greenstones. schists. and phyllites The Middle Precambrian
granitoids and the Upper Birimian greensiones vccupy about cighty percent of the
study area. The Lower Birimian schists and phyllites occupy the rest of the arca.
Structural features such as fractures. folds. faults. joints, pegmatites and quartz veins
are common in the basement rocks.

Groundwater in the region occurs within the overburden and in fractures
within the bedrock. This occurrence of groundwater is in win contiolled by the depth
and extent of fracturing and weathering., the presence of a thick overburden and the
numerous (ractures, quartz and pegmatite veins that intersect the overburden

“The weathered rock aquifer which s fracture-related, the fractured quartz vein
and fractured unweathered rock aquifer types have been identified in the area. It is

worlh noting that these aquiter types arc related and occur in association with quartz

vein intrusions, pesmatites and aplites.
The weathered rock aquifer which is normally strewn with quartz veins and
fractures is the dominant type of aquifer in the region found in the observation and

production boreholes
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About sixty five percent of the former 1aps water from the weathered aquitcr and
sevenicen percent obtain water from the fractured quartz vein and fractured
unweathered rock aquifers respectively: whilst in the latter, only ten percent get water
from lractured unweathered aquifers. about seventy five percent obtain water from
the weathered rock ayuiters and sixieen percent tap water from the fractured quartz
vein ayuifers. A significant number of the borcholes were completed in the
moderately weathicred zones of the monitoring and production boreholes

Rainfall is the main source of recharge 1o auilers i the region. The mean
annual rainfall s about 900 mm but it varies from year to year and from place to
place

Recharge to aquifers are intermittent and limited because of the barrier

normally formed by the overlying clayey decomposed rock. Reduced recharge has

ed by catt poor farming practi which
expose the land surlace to the itense and scorching rays of the sun. The above
factors including excessive wilhdrawal of water {rom borcholes account for the
decline of water levels in the study area
Ninety percent of the boreholes have depihs between 20 m and SO m.
Generally deeper wells are comion in flatlands than in the valleys and hillsides
Overburden thicknesses exceeding 15 m are common in the observation and
production boreholes with a mean value of 24 m in the former and a mean of 21 m
in the latiee. Phyllites were noted (0 have sumilar mean thicknesses of 36 2 m and 36
m n observation and production wells respectively The geology of the study area

has a great mflucnce on overburden thickness
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Aquilers are small in size and may consist of veins of fractured quartz and of

nes they form isolated pockets in

decomposed rocks up to about 30 m thick Son
which the groundwater flow is determined by the surface topography. Aquifers were
noted to be thicker in flatlands than in valleys and hillsides in the study area

Eighty five percent of the borcholes yield 30 litres/mmuie o less of water in
the ubservation and production wells There exists large variations in yields even with
boreholes tapping water from the samic types of aquifer. This reflects differences i
borehole properties and suggests a high degree of aquifer heterogeneity  the study
area. Reduced borehole yields in the region can be attributed to siltation and screen
clogging from the accumulation of altered mica products in the boreholes. The decline
of water levels i the region can also be a cause in the reduction of borchole yields
making the boreholes unable to sustain a continuous supply of water

Transmussivity values computed from Cooper-Jacob(1947) method varied
greatly. The mean transmissivity obtained for 47 boreholes tested for one hour is 35.2
miday

Water level fluctuations n the region are seasonal. Water levels rise in the
rainy scason and fall during the dry season. The topography has a great influence on
the depth 10 top of aquifer in the area In the valleys and areas adjacent to water
bodies, the aquifer depth may be near the land surface. On the flaands, the aquifer
depth generally range from a few meters 10 tens of meters heneath the surface
However on hillslopes. the aquifer may be at considerably great depths. [n yencral,

the depih 1 the 10p of the productive aquifer follows and replicates the topography.
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Generally. comparing. the mumber of observation boreholes 1 production
borcholes in the region. the relatively small number of observation boretioles is not
enough for any groundwater monitoring due to the fairly complex naturc of the
geology even on a local scale. Moreover, the use of one borchole (o serve as a
production well and an obscrvation well in some communities 1s unsuitable.

The number of people per borehole has increased considerably in the past and
more water 15 absteacted from the boreholes each day making it difficult for the watcr
demands (o be met in the tegion especially during the dry scasons

The present study indicates that the hydrogeological relationship between
monitoring and production borcholes is fairly sirong when they occur in similar
geologic environments and when the distance between the production and monitoring
boreholes arc short. The topography also accounts for the representativeness of
monitoring wells in the study area.

Further, indications however show that, it is doubtful whether any meaningful
relationship between momtoring and production borcholes which are located farther
apart from cach other (about 400 m and above from each other can be established),
as noted in about eighty percent of the momitoring borcholes and production boreholes

surtounding them.

his amounts to virtually little or 1o effective groundwater monitoring network
m the region in terms of numeric abundance and the spatial distribution of the
ubservation boreholes.

(e vanable hydraube charactenistics over short distances and aquifer
Litereyciety 1 the region makes monitoring not in the immediate \w s i
aberyanon boreholes very limited and interference between aquiters 1y mimimised duc

10 the varied peological and hs drogeological conditions that prevail i the area
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In the absence of enough funds, then the production boreholes can be used as
momtoring boreholes, but continuous water level measurements need (o be taken

The distances between monitoring and production boreholes surrounding
should not exceed 400 m based on the fact that the aguifers in the study area arc
focalised and heterogencous in nature The cnvironment is destroyed as a result of
hush-burning and felling of trees in the region. Those practices affect the rainfall
paticrn and give risc (o high rates of evapotranspiration hence reducing the recharge
processes. Therelore cducational campaigns and laws should be promulgated so that
these practices can be minimized.

Redevelopment of ihe borcholes by air-lifting has been suggested as the only
remedy (v tackle the issue of reduced borehole yields in the region. During the
project. periodic redevelopment of the boreholes was recommended as part of the
mainienance operations. However, little atiention was given (o this part of the
maintenance progeamme and has resulted in the accumulation of mica in the borcholes
over all these years

Finally. there is the need 1o ensure that there is an improvement in the data

processing. archiving and dissemi fall and duta,
since groundwater information in the region is inadequate. Governmental and non-

| involved in studics in the region should co-

ardinate their operations and activitics in order (o provide a basis for the development
of groundwater supplies in the region

Alternate. waer supplies such as rai water harvesung should be provided

particularly in places which are hy ¥ unf 67
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