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ABSTRACT

The success of groundwater exploitation in an areagely depends on prior knowledge of exist-
ing hydrogeological parameters such as boreholeldjeoverburden thickness, depth of bore-
holes, static water level, specific capacity anc thuality of water. This study, therefore, em-
ployed Geographical Information System to assessis®f these hydrogeological parameters in
the Ashanti Region using the ordinary kriging intpolation method. Data on 2,788 drilled bore-
holes in the region were used and the assessmeciiged on the various geological formations
in the region that comprised the Birimian, Granitds, Tarkwaian and Voltaian formations. The
study results indicate that the Birimian formatiois generally within medium to high yielding
potential zones (30 — 60 I/min or higher) with agh drilling success rate of 91% and average
borehole depth of 53 m. The Granitoids are, mosthithin the low yielding zone (< 30 I/min)
with isolated high yielding boreholes and have aage borehole depth and drilling success rate
of 50 m and 72 % respectively. The Tarkwaian formoat, on other hand, is within the medium
yield zone with a drilling success rate of 80 % \ghithe Voltaian formation is mainly classified
to fall within low yield zone with about 60% suceesate although significant high yield zones
occur within the sandstone formation underlying itsesternmost part in the region. Groundwa-
ter in the region is generally potable except infew locations within the Birimian and Grani-
toids, where there are problems with levels of iraitrate, manganese and pH.

Keywords: Groundwater, Hydrogeological parameters, Geologi¢atmations, Geographical
Information System, Ashanti Region

INTRODUCTION agricultural purposes due to the unreliability of
Groundwater is an essential resource for susurface water sources, which often become
tainable development all over the world. Invulnerable in the dry season and are easily pol-
Ghana, it is becoming the most importaniuted by industrial waste, artisanal mining ac-
source of water for domestic, industrial andivities and leaching of pesticides, fungicides
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and fertilisers used for agricultural purposesGeographical Information System (GIS), soft-
(Nyarko et al, 2014). It is, mainly, abstracted ware with user-friendly pre-processing and post
using boreholes and hand dug wells (HDW)processing interfaces that use digital tech-
and has contributed tremendously in reducingiques to integrate various conventional meth-
several water-borne diseases in the country. ods (geological and hydrogeological) with re-
mote sensing (RS) techniques are available for
Groundwater usage has become attractive istoring and visualising the data as well as for
Ghana because the aquifers are protected nathe prediction of future conditions (Kresic and
rally from evaporation. They are more reliableMikszweski, 2013; Chenirét al, 2010; Machi-
in dry seasons because of their large storageal et al, 2011; Talabi and Tijani, 2011).
capacities and they exist in most parts of the
country where they are exploited at shallowTherefore, this study seeks to employ GIS tech-
depths and near demand areas without the neeifjues to evaluate and delineate the hydro-
to install long distribution lines. Consequently,geological parameters of the various geological
in the Ashanti Region and other parts of Ghandprmations in the Ashanti Region to aid in easy
the Government of Ghana and several norand successful exploitation of groundwater.
governmental organisations (NGO) have beeifhe ArcGIS software was used to assess secon-
providing rural communities with boreholesdary data of existing boreholes and produce
and hand-dug wells (HDW) to meet their drink-surface maps of some of the hydrogeological
ing and other domestic water needs. parameters of the formations in the study area
including the airlift yield, overburden depth,
Despite its usefulness, accessing groundwatéinal depth of successful boreholes, static water
in Ghana comes with some challenges espdevel elevation, and specific capacity employ-
cially in the planning stage due to lack of infor-ing the ordinary kriging interpolation method.
mation on parameters such as overburden thick-he study also analysed the quality of water in
ness, expected drilling depth, quantity of waterthe various geological formations.
the water quality and hydraulic properties of
the geological formations, which are very keyMATERIALS AND METHODS
for decision-making regarding site selectionsStudy area
and proper budgeting. In the Ashanti RegionThe Ashanti Region is located in the middle
for instance, some areas that are underlain yelt of Ghana between longitudes G.04 to
granitic and Voltaian rocks are known to have2.25 W and latitudes 5.50N to 7.468 N. The
poor yields (Anorntet al, 2009) whereas some region covers about 10.2 % (24,389 *rof
other areas are known to have poor water quatshana’s total land area, making it the third
ity arising from high levels of iron, manganeseJargest region after the Northern and Brong-
fluoride, arsenic and turbidity (Nyarket al, Ahafo Regions (MLGRD, 2016). Nearly 61 %
2014; Gyau-Boakye and Dapaah-Siakwangf the region’s population (4,780,380) lives in
2000; Anornuet al, 2009). These information urban areas with more than 92 % of them hav-
help in proper planning and budgeting for drill-ing access to ‘improved’ (piped-system, bore-
ing projects in such areas to ensure they afeoles and protected HDW) source of drinking
successful. water with groundwater via boreholes and pro-
tected wells constituting 42 %. About 6.5 % of
It is therefore evident that if some of these hythe inhabitants still rely on unprotected sources
drogeological information for prospective pro-(HDW, dug outs, streams and rivers) for drink-
jects are available, the budget, duration, likelyng water (GSS, 2013).
challenges and the appropriate remedies can be
adequately planned to enhance the smooth inffwo main lithostratigraphic/lithotectonic com-
plementation of the project. With advances implexes, namely: the Paleoproterozoic su-
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pracrustal and intrusive rocks, and the Neopraglomerate (Gill, 1969; Kesse, 1985; Dapaah-
terozoic to early Cambrian lithologically di- Siakwan and Gyau-Boakye, 2000). Fig. 1 pre-
verse platform sediments, exist in the studgents the geological formations in the study
area (GSD and BGR, 2009).The Paleoproteraarea.

zoic rocks consist of the Birimian Super group

(Birimian sediments and volcanics, which con-Data acquisition and organisation

sist of metamorphosed sediments intercalateBorehole drilling records in the study area (Fig.
with metamorphosed tuff and intruded lava)l) spanning from 1991 to 2011 were collated
Tarkwaian Group (made up of quartzites, phylfrom hydrogeological reports submitted by
lites, grits and conglomerates intruded by lac€onsultants for different borehole drilling pro-
coliths and sills of epidorite), and the Eburneainects under the supervision of the Ashanti Re-
Plutonic Suite (comprising undifferentiatedgional branch of the Community Water and
granitoids such as granites, granodiorites an8anitation Agency (CWSA). The information
gneiss). On the other hand, the Neoproterozoiculled from the reports included GPS coordi-
to early Cambrian rocks comprise the Voltaiannates of the boreholes in UTMone 30N for-
Super group made up of the Kwahu-Moragomat and their elevation with respect to mean
Oti-Pendjari and Obosum Groups, which aresea level (msl), borehole construction details
underlain by basal sandstones consistinguch asfinal constructed depth, location of
mainly of quartz-sandstone, pebbly grits, shaleslotted and plain PVC pipes and gravel pack
mudstone, siltstone, sandstone, arkose and copositions, geological logsletailing different
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Fig. 1: Map of study area with the data locations o the geological formations
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different rocks intercepted at different depthsto ascertain whether it is normally distributed
overburden thickness and depths at which watersing the histogram and the normal Quantile-
was struck. The others are the volume of wateQuantile (QQ) plot tools. Trendsbserved in
obtained at specific depths expressed in litresome of the distributions were removed using
per minute (I/min), the final airlift yield re- the appropriate equation upon analyses with the
corded during development, and summary ofrend analytical tool. Parameters such as lag
pumping test results including the pumpingsize, nugget, range, partial sill and shape were
yield, static water level (SWL), dynamic waterset to fit the model using the spatial relation-
level (DWL) after six (6) hours of pumping and ships of the dataset. Each dataset was examined
three (3) hours recovery data as well as resulte ascertain the existence of anisotropic
of physico-chemical and bacteriological analy{directional) influence. The maximum and
ses of the water samples. The geological, disninimum number of data, the radius and num-
trict, hydrogeological and town maps of theber of sectors of the circle or ellipse used for
study area were obtained from the Centre fothe prediction were also specified from the
Remote Sensing and Geographical Informatiofsearching neighbourhood” dialog box. A cross
Services (CERSGIS) of the University of-validation comparison was done to select the
Ghana and the GIS Laboratory of KNUST. model with the most accurate predictions using
their resultant prediction error statistics (PES).
The data were organised into the various hydroFhe model that produced the best cross-
geological sub-provinces within the study areayalidation and test data validation prediction
namely the Birimian and its associated metaerrors was selected. The test data was further
sediments (Birimian), undifferentiated grani-plotted on maps generated using all the interpo-
toids (Granitoids), Tarkwaian, and the Voltaianlation methods, i.e. kriging, inverse distance
as Kwahu-Morago, Oti-Pendjari and Obosumweighting (IDW) and local polynomial (LP), to
Groups. The boreholes with airlift yield more determine the one with the best results. Surface
than 13.5 I/min were termed successful whilsmaps were created for the depth of successful
those below were deemed unsuccessful in atoreholes, overburden thickness, airlift yield,
cordance with the criteria set by CWSASWL, and specific capacity.
(CWSA, 2010). The data was randomly divided
into two parts termed training (90 %) and tesiThe available water quality results of the bore-
data (10 %) using ArcGIS version 10.2.1 softholes were collated and analysed to ascertain
ware. The training data was used for analysebeir suitability for drinking by comparing their
and generation of maps whilst the test data waguality to the Ghana Standards. The analyses

used to validate the results. were done for each geological formation and

compared with each other. A surface map simi-
DATA INTERPRETATION AND ANALY- lar to what was produced for the hydrogeologi-
SIS cal parameters was produced for iron, which is

The geostatistical analyst tool in the ArcGISthe major water quality problem observed from

version 10.2.1 software was used to analyse thihe analytical results.

spatial distribution of the data and produce

maps to aid in the visual appreciation of the(RESULTS AND DISCUSSION

hydrogeology of the study area using the ordiRecords of 2,788 boreholes comprising 2,331

nary kriging interpolation method. For com-constructed boreholes, 433 dry and 24 aban-

parison purposes, similar surfaces were genedoned holes (due to their poor water quality)

ated using the Inverse Distance Weightingvere finally accepted and used for the study

(IDW) and Local Polynomial (LP) methods. (Fig. 1) and are summarised in Table 1. The
number of successful boreholes withihe

The distribution of each dataset was examineBirimian, Granitoids, TarkwaianKwahu-
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Morago, Oti-Pendjari and the Obosum were
1159, 757, 230, 54, 18 and 26 respectively.

The number of samples, data transformations
and trend removals used in generating each of
the maps are presented in Table 2. The model
type and PES (i.e. mean error (ME), mean stan-
dardised error (MSE), root mean square error
(RMSE), RMSE standardised (RMSEs) and
averaged standard error (ASE)) for each pa-
rameter are also presented in Table 2.

Specific capacity
0.2-99.7
0.3-88.5
0.3-65.1
0.2-72.0
0.4-33.0
0.4-47.8

range
(m?day)

SWL range
0.1-56.9
0.0-40.0
1.1-37.2
1.7-54.4
0.0-19.7
2.1-28.7

(m)

The prediction results for the hydrogeological
parameters using the test data are presented in
Table 3 whilst the percentage of test data that
fell within exact zones of the map generated
using the three interpolation methods are pre-
sented in Table 4. The SWL elevation map had
the best predictions for all the methods fol-
lowed by the iron concentration map. Although
the IDW had the best results for the iron con-
centration map, it failed to correctly predict any
of the test data with respect to the higher values
of iron above the Ghana Standard; thus kriging,
which had 60 % prediction accuracy, was used
for the analyses.

10 - 600
10 - 600
10 - 216
10 - 300
12 - 400
10 - 300

Airlift yield
range (I/min)

22 -85
22 -85
27 -77

Successful Boreholes
32-80

34-81

28 -99

Depth
range (m)

Evaluation of hydrogeological parameters
Airlift yield

The Birimian, Granitoids and Tarkwaian for-
mations had average airlift yields of 89 I/min,
52 I/min and 41 I/min respectively. The suc-
cessful boreholes within the Kwahu-Morago,'gv
Oti-Pendjari and the Obosum Groups had mears
airlift yields of 66, 77 and 68 I/min respec-
tively.

33-72
1-50
2-52
1-27

thickness range

(m)

Overburden

cal fanations

Success
rate (%)
90.6
72.3
79.3
54.4
60.0
66.7

in the ge

Fig. 2 presents an overlay of the airlift yield S
map generated on the geological formations3
Three distinct zones are seen from the map; i.eﬁ
yields below 30 I/min (shades of green), yields2
between 30 and 60 I/min (yellow) and yields's
above 60 I/min (shades of red). These arex
termed low, medium and high yield zones forg
the purposes of this study. The Birimian sedi-g
ments are generally noted to be within the meg;
dium and high yield zones as indicated by aj
NW-SE trend from the east of Abesewa to thew
South of Obuasi and a NE — SW trend, whichﬁ

No. of
boreholes
1279
1047
290
103
30
39

Geological Formation
Birimian

Granitoids

Tarkwaian
Kwahu-Morago
Oti-Pendjari

Obosum
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Table 4: Accuracy of test data in target zones ongrameter maps

Hydrogeological parameter Interpolation method

Kriging Inverse Distance Weighting Local Polynomial

Airlift yield 55 52 46

Success depth 37 39 32

Overburden depth a7 56 49

SWL elevation 91 90 91

Specific capacity 49 43 47

Iron content 78 83 63
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Fig. 2: Overlay of airlift yield on the geologicalformations

begins NW of Agogo through areas around thé@ints, fractures and strongly foliated systems
Lake Bosomtwe and ends just south of Fomenas well as the presence of quartz veins within
Another high yield zone is located in thethe formation, which has increased its water-
Birimian formation, east of Newf New bearing and yielding capacity (Gill, 1969; Da-
Edubiase, and may be attributed to the presenpgaah-Siakwan and Gyau-Boakye, 2000).

of structural features such as well-developed
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The Granitoids are generally within the low-Morago Group is generally not favourable for
yield zone as observed just beneath the centrgtoundwater development. About 36 out of 51
portions of the Kwahu Group. A high-yield boreholes yielded less than 10 I/min at a mean
zone in the granitoids is located along thedepth of 69 m.
stretch between Offinso and Agona. Similarly,
a high yield zone is found within the synvol-The prediction standardised results (Table 3)
canic intrusive rocks south east of Akumadanusing the test data shows that the airlift yield
This means that although the Granitoids areredictions are very good (closer 0) for all for-
inherently impermeable they do exhibit seconmations except the Oti-Pendjari Group. When
dary porosity and permeability as a result ofhe test data was plotted on the airlift yield map
fracturing and weathering (Dapaah-Siakwar(Fig. 2), about 55 % of them fell within the
and Gyau-Boakye, 2000; Gill, 1969; Kessegxpected zones. The major deviation was the
1985). The availability and connectivity of location of low yielding boreholes within a
joints and fractures control groundwater flowhigher yield zone. In some instances, especially
within the crystalline rocks (Singhal and Guptawithin the Granitoids and Birimian sediments,
1999; Cook, 2003). From the study, it is ob-data points were located within yield zones
served that the synvolcanic granitoids yieldower than their yields. For those that did not
significant amount of groundwater than thefall within their expected zones, about 72 % of
undifferentiated intrusive granitoids, whichthem fell within a higher zone.
may be due to the fact that the former has well-
developed and connected fractures than th8ome factors that may account for the devia-
latter. It must, however, be stated that isolatetions are inability to install temporary casings
high-yielding boreholes were also recordedn deeper overburden depth areas resulting in
within the Eburnean plutonic granitoids. tapping water within the overburden instead of
drilling through the bedrock, which usually has
Within the Voltaian Super group, all the yieldless yield, and the non-connectivity of joints
zones are present with an overlap of zoneand fractures. Within the granitoids, for exam-
amongst the sub-groups. The western half dfle, it is possible to locate a high-yielding bore-
the Obosum Group (where data was obtained)ole within a low-yield zone as groundwater
are low, medium and high yield zones movindglow is controlled by the availability and con-
towards the western border. Groundwater oaiectivity of joints and fractures.
currence in the Voltaian formation is controlled
by secondary porosity (Asomaning, 1993)Depth of successful boreholes
which is mostly exhibited by the sandstonesThe successful boreholes in the Birimian and
due to the presence of joints and fractures. At©®bosum Group had mean depths of 53 m whilst
eas underlain by sandstones therefore produtiee Granitoids, Tarkwaian, Kwahu-Morago and
much water than those underlain by mudstone®ti-Pendjari Groups had mean depths of 50 m.
and siltstones due to the absence of secondafjnal depths of the unsuccessful boreholes were
porosity in the latter (Acheampong and Hessdeeper than the successful ones averaging 69,
1998). According to Yidanat al. (2008), there 63, 69, 76, 88 and 86 m depth for the Birimian,
is a NNE-SSW fracture system that controls th&ranitoids, Tarkwaian, Kwahu-Morago, Oti-
hydrogeology of the Voltaian formation in gen-Pendjari and Obosum Group respectively. The
eral. A similar trend is observed in the studymean depths of successful boreholes within the
area beginning from the north westernmost paBirimian and Granitoids from this study are
of the Obosum Group (north of Ejura) and exalmost the same as the 51 and 53 m obtained by
tends through the Oti-Pendjari Group, and fiAnornuet al (2009) in their studies in the Ejisu
nally terminates within the Kwahu-Morago -Juaben District and comparable with 35 m and
Group. The lower portion of the Kwahu- 60 m respectively obtained by Dapaah-Siakwan
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and Gyau-Boakye (2000) for their studies\Voltaian Super group, very few of them fell
which covered the whole of Ghana. within their expected zones, which may be at-
tributed to the sparse distribution of the data.
The map showing the depth of successful boréFhe major deviation within the other forma-
holes is presented in Fig. 3. A larger portion otions was the location of boreholes with depths
the study area lies within the 40 — 50 m and 5@reater than 60 m falling within lower depth
— 60 m zones and is characteristic of all theones.
geological formations with an overlap of zones
at various geological contacts. Similarly iso-Overburden depth
lated areas with borehole depths of more thamhe data points available for overburden depths
60 m also exist within all the formations. Thewere 895. They comprised388within the
standardised predicted results (Table 3) usinBirimian, 344 for Granitoids, 133 for Tark-
the test data shows that predictions for thevaian, 23 for Kwahu Morago and7 for Oti-
depth of successful boreholes were very gooBendjari; and their respective means were 27,
for the Birimian and Tarkwaian Group, but24, 20, 7 and 5. There was no data available for
poor within the Voltaian Super group, espethe Obosum Group.
cially within the Obosum Group, which can
largely be attributed to limited data relative toThree major overburden thickness zones,
its large area. When the test data was plotted aramely 0 — 10, 10 — 20 and 20 — 30 m were
the borehole depth map, only 37% of them feldelineated from the overburden map (Fig. 4). A
within the exact zones but increased to 68%ourth zone of more than 40 m is also recog-
with a plus or minus of 5 metres. Within thenised within the Birimian rock formations. The
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Fig. 3: Overlay of borehole depth on geology
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Fig. 4: Overlay of overburden thickness on the vadus geological formations

overburden thickness is of significant impor-Studies have shown that the contact between
tance to a prospective groundwater developehe saprolite and the saprock is the most pro-
as it impacts on the length of temporary casingductive groundwater zone within the Birimian-
to install to prevent caving during drilling. Super group as they usually complement each
Also, the occurrence of significant amount ofother in terms of permeability and storage
water in the overburden and at the overburder(Carrier et al., 2008). Out of the 757 con-
bedrock contact mostly contributes signifi-structed boreholes whose overburden thick-
cantly to success of boreholes. Thick overburnesses were obtained, about 38 % had their
den in Birimian and Tarkwaian Groups asslotted PVCs placed within the overburden or
well as areas underlain by the Granitoids typiabout 5 m below the overburden and bedrock
cally cave in during drilling, thereby posing contact. Within the crystalline granitoids, more
difficulty in constructing the borehole or it may than 34 % of them tapped water within the
lead to increased turbidity of the water whersaprolite with more than 72 % having overbur-
gravel-packing (filter media) do not descend taden thickness greater than 20m,which confirms
cover the entire slotted PVC section. About 13he results obtained by Asomaning (1993) that
of such cases were recorded in this study witdeep regolith layers overlie the crystalline base-
all the boreholes eventually being abandonednent rocks and provide potential for increased
The Voltaian Super group generally has shalgroundwater storage. The number of dry bore-
low weathering depths posing no significantholes was observed to increase with increasing
problems during drilling. overburden depths and the mean airlift yields of
the successful boreholes did not increase with
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increasing overburden thickness in the intensmimics the general topography of the study
weathering formations (Table 5). This observaarea with the highest point around Nsuta and
tion means that the assertion by Dapaahorth of Wiamoase within the Kwahu-Morago
Siakwan and Gyau-Boakye (2000) and Yidan#&roup, but progressively decreases outwards to
et al (2008) that intense weathering enhancethe adjoining formations. Two othéiigher
secondary permeability to form permeableclevations are located south of Mpasaso (within
groundwater reservoirs have noticeable exceBirimian sediments) and Agogo (within Kwahu
tions. -Morago Group). There is a general decrease in
SWL elevation towards both the south and
The predicted standardised results (Table 4) farorth of the Kwahu-Morago Group.
the overburden thickness were very good for all
the geological formations. When the test dat@he accuracy of predictions was very good for
was plotted on the overburden thickness, onlthe SWL elevation map from both validation
47 % of them fell within the expected zonesresults. From the location of the test data within
The major deviation was the locations of borethe generated zones (Table 4), about 91 % of
holes with overburden thicknesses higher thathem fell within their expected zones with the
30 m in the 20 — 30 m zone. This is predomikriging method. The Kwahu-Morago and Oti-
nant in areas underlain by the Granitoids an®endjari Groups within the Voltaian Super-

the Birimian sediments. group had the least accuracy of prediction as
seen from the predicted standardised error re-
Static water elevation (SWL) sults (Table 3).

The SWL values of 2,017 boreholes were avail-

able and they ranged from just below theSpecific capacity

ground level (0.04 m) to 56.92 m. An artesiariThe specific capacity values of the formations

flowing borehole with SWL of 2.86 m above within the study area for 1,838 of the data had

ground level was recorded within the grani-mean and standard deviations of 8dvand 12

toids. The average SWL values of 14m, 13mm?/day respectively. The Oti-Pendjari Group

12m, 19m, 8m and 11m for the Birimian, had the narrowest range of specific capacities

Granitoids, Tarkwaian, Kwahu-Morago, Oti- with the Birimian recording the widest range.

Pendjari and Obosum Group, respectively, indi-

cate that the SWL is generally not deep in th&he specific capacity map is presented in Fig.

region. 6. A greater part of the aquifers in the study
area have specific capacities below 18/day

The SWL elevation map (Fig. 5) generallyfollowed by zones between 10 andm%day.

Table 5: Mean airlift yield and dry boreholes in the overburden categories

Overburden  Birimian Granitoids Tarkwaian Group

depthrange  Meanairlit No.ofdry Meanairlit  No.ofdry Meanairlit  No. of dry
yield (I/min)  boreholes  vyield (/min)  boreholes yield (I/min)  boreholes

0-10 85 3 67 17 55 6
10-20 111 9 59 19 43 10
20-30 109 15 66 39 36 6
Above 30 64 15 52 26 42 5
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Only the Birimian and Tarkwaian Group hadmian formation. No occurrence of poor water
prediction standard errors that were closer tquality was recorded within the Obosum Super
zero (0) as presented in Table 3. The accuragroup.
of predictions within the Granitoids was the
poorest among the formations analysed, whickrom the iron concentration map developed
may be attributed to their crystalline nature.  (Fig. 8), zones of concentrations greater than 1
mg/l are observed within the Birimian, Grani-
Water quality analyses toids and the Tarkwaian Group in urban to peri-
Records pertaining to the quality of 1,627 boreurban communities (i.e. Obuasi, Offinso,
holes were collated with about 21 % havingluansa, etc.). The validation results for the iron
values outside the Ghana Standard (GS) faroncentration map were very good with less
physico-chemical parameters. The major pathan 1 % prediction standardised errors (Table
rameters that contributed to the poor wateB) within all the formations. About 78 % of the
quality (PWQ) were pH (36.8%), iron (51.6 %),test data were located within their expected
manganese (6.5 %), nitrate (2.2 %) and minozones.
occurrences of others such as arsenic, fluoride
and lead (Table 6). About 8.6 % of the pooiOverall, about 12% of available water quality
water quality boreholes had multiple problemsproblems were due to high iron concentrations.
in relation to pH, iron, manganese, nitrate and\lthough concentrations of up to 3 mg/l can be
arsenic. Their occurrences are prevalent withiconsumed without any health problems, aes-
the Birimian, the Granitoids, Tarkwaian Groupthetic problems particularly colouring of uten-
and the Kwahu-Morago Group (Fig. 7). Highersils, laundry and sanitary wares, taste, appear-
values of fluoride were recorded within theance and unpleasant odour often leads to the
Kwahu-Morago (range of 1.8 — 2.4 mg/l) andabandonment of such boreholé®reholes
Oti-Pendjari (3.0 mg/l) Groups. The only oc-(WHO, 2003). The cause of the poor water
currence of lead (Pb) above the GS was reguality is attributed to the easy dissolution of
corded within the Kwahu-Morago Group with asome elements into the water (Nyar&b al,
value of 4.5 mg/l. Similarly, higher values of 2014), which usually occurs during the rock
arsenic were also recorded within the Birimianweathering processes leading to exchange of
formation. About 83 % or higher manganesechemicals between the soil and water
concentrations were recorded within the Biri-(Hesterberg, 1998; Yidaret al, 2008).

Table 6: Groundwater quality evaluation within the various geological formations

Geological No.of Parameter pH Fe (mgl/l) Mn (mg/l) NO3z (mg/l)
formation holes  GWCL standard 65-85  <0.3 <0.10 <10
Birimian 846 Range 3.7-6.3 0.3-55 0.12-3.29 13.6 -46.9
% PWQ 6.6 10.9 0.95 0.7
Granitoids 521 Range 5.0-6.0 0.3-6.0 0.12 -3.69 -
% PWQ 12.3 171 0.19 0
Tarkwaian 161 Range 4.7-6.0 0.3-6.0 15 16.3-29.6
% PWQ 8.1 5.00 0.62 1.2
Kwahu- 61 Range 45-55 - - -
Morago % PWQ 4.9 0 0 0
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About 1350f the boreholes had pH values be¥% whilst the Granitoids have 72 % drilling suc-
low the Ghana Standard minimum value anaess rate and are generally low-yielding (less
one above the maximum value across all ththan 30 I/min) with specific capacity values in
geological formations except the Oti-Pendjarthe range of 0.3-88.5 ¥day. The Tarkwaian
and Obosum Groups. According to Smedéy Group had a drilling success rate of 79.5 % and
al. (1995), the problem of low acidity (pH < is generally within the low and medium yield
6.5) in groundwater is often attributed to thezones with specific capacity ranging between
deficiency of carbonate in the rocks. Further0.3 and 65.1 Aiday. The Voltaian sub-groups
more, mining of gold and base metals can alsthat underlie the region registered the lowest
lead to the oxidation of natural sulphidesyields except in the predominantly sandstones
thereby acidifying the groundwater and dissolvareas, which were high yielding. The success
ing trace metals into it. Although its effect ofrate for the Kwahu-Morago, Oti-Pendjari and
mild sour taste has generally not been objecte@bosum groups are respectively 53.5 %, 60 %
by consumers, water with low pH could leachand 66.7 % while their respective specific ca-
metal ions from the aquifer (Oram, 2016).pacities range from 0.2 —72%fday, 0.4 - 33
About 14 % of the occurrences of pH outsiden’/day and 0.4 - 48 ffday.
the standard was with excess of other chemi-
cals; 84 % being iron. The Voltaian formation had the lowest overbur-
den depth in comparison with the other forma-
About 31 % of the PWQ boreholes had airlifttions, which ranged between 20 and 30 m. On
yields within the CWSA criteria for Small the other hand, the static water elevation of the
Town Water Supply System. This is worrisomestudy area was observed to mimic the general
as high-yielding aquifers, which should betopography. About 21 % of the successful bore-
helping to solve water shortage problems arboles had high concentrations of iron and man-
unwholesome for household and commerciajjanese, and low pH. These were predominant
usage. These are generally attributed to theithin the Birimian, undifferentiated granitoids
geology, as evidenced by the location of thend the Tarkwaian formations.
few cases of high concentration of arsenic
within the Birimian sediments in the ObuasiThe results from the study may serves as a use-
Municipality, which are attributed to the pres-ful practical information for groundwater de-
ence of arsenopyrites in close association witkelopment in the region. However, it may be

sulphide mineralised veins. improved by conducting further studies within
the delineated zones to ascertain the continuity
CONCLUSIONS and hydraulic properties of the aquifers.
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