



















































































































































































































































































































































































LE 23 (cortiint

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, transmissivities are venerally higher in the granitic rock aquifers than

v values

10 the schist rocks even though they have comparable average transmisst
The small number of aquifers encountered m the preenstones makes 1
umepresentative for any weanmglul discussion though the highest average

value obtamed in the 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
gave a range between 24.5 and 183.4 m¥/day with an average value of 75.2 m*/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

SPECIFIC CAPACITIES

Driscoll (1989) detincs specilic capacity of a well as the rate of discharge per

umt drawdown. Specific capacity varies wath the duration of discharge. Esscntially,

the time at which the specific capacity of a well is obtained is very necessary.



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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5.8.3 DISCUSSION OF STEL-DRAWDOWN RES!

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 horehole, 3981 15 was drilled i 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 afier 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, B 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 thercfore 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 o the total drawdown, S, (Jacob. 1947). The
efficiency of borehole numbr 3981 15 after one hour of pumping is 58%. This
implies that the well loss component. CQ? of the total drawdown has introduced
inetficiencics o the borehole performance by 42%. Banoeng-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 sustanable 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.
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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) S/ x 107 (m'iday) QIS (m'/day)
1 130 1250 960 104
2 156 456 290 342
3 176 449 250 92
B = 96x10¢ (miday) = 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 973 270
3 176 16.89 1239 29.28

ibi}



TABLE 25:

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

Sw ot . Sws8Q+cCQ’

Borehole | Number | QMAX [ endot | gims | Cim®Daysn

Nomber | OfSteps | (mDay) |testim) [ gy swim [Ba(m | comm
3001 13 . 00 | 579 | oours 00002 wer | 093 874
3081 1 3 1091 | so7 | ooso 00017 212 [ 1 (X
w0164 4 198 | 479 | oooes 00019 200 [ 120 | o7
3081 15 3 e | 277 | ooso 00004 228 | 1609 | 1239
4016 19 3 1049 | oozes 00103 907 | s 360




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



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
ghest 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 fracured quaniz vein phylltic 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




TABLE 27: NUMBER AND PERCENTAGE OF AQUIFER
TYPES IN THE MONITORING BOREHOLES,

UPPER WEST REGION

AQUIFER
TYPES

NUMBER OF

PERCENTAGE

TOTAL

BOREHOLES
FRACTURED 4 174
QUARTZ VEIN
FRACTURED a 17.4
WEATHERED 15 65.2
23 100




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




TABLE 29: Number and Percentages of Degrees of weathering

n 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




5.10

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

ons in _geological, topographical and climatic

factors alfecting these  varis
environments.

Monitoring boreholes in the study area are specific boreholes used to produce
water and at the same time to monitor production boreholes that surround them
According (o Sosert (1994), montoring may be defined as a scientifically designed

s and  observations  including

surverllince system of  continumg  measureme
procedures. Monitoring requires thal data is oblained on a regular basis, whereby dats
can be effectively used 1o tack borehole performance which is vital if the maximum
fong term yield of a borehole is to be realiscd.

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

imvolve huch costs and logisiical 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



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.




Even though differences oceur in the properties of these boreholes, they obtain water
from the same rock type and ayuifer 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 horcholes 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
gramnc gnciss ik aguifer. About 40 m from the observation borehole 15 a
production borchole number 4411 2. This borchole is situated on 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
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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.
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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



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. 1t 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 15 260.0 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 to the occurrence of fracwure openings and quartz veins
encountered during drilling and possibly. the deeer extents of weathering in 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 yields 90 Vmin. of watcr and has an aquier thickness of 20 m

13R




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
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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.



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 taps water from the weathered aquilcr and
<eventcen percent obtain water from the fractured quartz vein and fractured
umweathered rock aquifers respectively: whilst in the latter, only ten percent get water
from Inactured unweathered aquifers. about seventy five percent oblain water from
the weathered rock aquilers and sixteen percent tap water from the fractured quartz
vein aquifers. A significant number of the borcholes were completed in the
moderately weatlicred zones of the monitoring and production borcholes

Rainfall is the main source of recharge 1o aquifers i the region. The mean

nual rainfall is about 900 m 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




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 susface topography. Aquifers were
noted (o be thicker in flatlands than in valleys and hillsides in the study area

Eighty five percent of the boreholes yicld 30 litres/mmuie or 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 season 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 depth 10 the 10p of the productive aquifer follows and replicates the topography



Generally. comparing. the mumber of observation boreholes 1 production
boreholes in the region. the relatively small number of observation boreholes is not
enough for any groundwater monitoring due to the fairly complex nature of the
geology even on a local scale Moreover. the use of one borchole (0 serve as a
production well and an obscrvation well in some communities i< unsuitable

The number of people per borehole has increased considerably in the past and
more water 15 abstracted from the boreholes each day making it difficult for the water
demands to be met in the rcgion especially during the dry seasons

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

Further, indications however show that, i is doubtful whether any meaningful
relationship between monitoring and production borcholes which are located farther
apart from cach other (bout 400 m and above from each other can be established),
as noted in about eighty percent of the monitoring 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 vaned geological and hsdrogeological conditions that prevail in the arca



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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