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Abstract
For an effectiae water supply antl nnnage ntent, tlrc quantity and quality of water sources ntust be knrun. To

!:O 1:0, 
,: ,:1:.sment.of the aqutfet. tianstnissiuity, yield-and g)ounitoiter quality in pnrts of Niger State,

Nortlrcentral Nigeria lus been made. Niger star, ii"i brt*rrniorgitude 4"06,E n' 7'li'E ol ihe Greenwich
Meridian and latitude S15,N lo 11"15'N of tlrc Equato-ooring o land nuss of abiut g0,000 kml.
Transmissittity ualues were calculated using Jacob and. Tlrcis iethods. lacob,s nrcthotl reaeals tlnt
transmissittity ztalues range from 2.0 m'1d to 700.0 m'/dwith a mean ualue oyaz.i nt'y'lw1ite transmissiaity uia
Theis methotlaaies [rom 4.O.m'/d to 1000.0 m'/dtlith att aoerageualue ofisz.o ni)a. Theborehole yiekt oaies
from (0'810 '0) l/s andameanoalue of i.0l/s while tlrc staticwairleoel (i,NL) rangesfrom2.3 m to'3g.7 m with
an aoerage oalue of 8.3 m. Trrc total dr r drpth (TDD) is of the order of 1g.0 m ti gi.O m and an aaerage dll
lePlh 

of 
29.:0 y lre lyal geology hosting tlrc wells is majirly the Baseinent Complex fottooed by sediientary

basins while fan locations occurred along transitionat zonei. 'I'lre 
fndings show thai. the area tias low to liglt

groundwater potentials according to Gheorghe and Kransy standardsl The analyzed pltysio-chemical attd
ulclelltogic|t fyameters agree faaorably with tlrc World 

-Heatth 
organization ina iigerian Standard forDinkingwater Quality. This implies that tlrcuater isftfor dontestic, igrict tural and iniustrial purposes.

Keyzoords: Aquifer Transmissiuity, yield, Grountlwater euality, Niger State, Nigeria
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Introduction
Niger State also known as power_State, because
of her three hydro-electric power generating
stations, lies between Iongitude 4.00,E to 215,E
of the Greenwich Meridian and latitude g.15,N
to 11'15'N oftheEquator covering a land mass of
about 80,000km'1 flg ty. It sharJs boundary in
the west with Kwara State and Benin Republic
and in the Easr with the Federal Capital
Territory, Abuja. It is bordered in the norti.r by
Kaduna and Kebbi States and in the south bv
Kogi State (Fig.l). The Climate of the state is
similar to other West African States. The
daylight temperature varie.s fronr 24.C at the
peak of rainy season to above 35"C at the climax
of drv season. The seasorlal rainfall gi.r,es rise to a
longer \a,et season of abotrt 7 nronth. (April-
October) with arr averase railfall11[ 250nrnr arrri
a dry season of about 5 montl.rs (November-,1; March) ra,ith little or no rain (Shelra.r,lo, l ()q3)

t The area ls well-drained br. rivo. Nigcr anJ is' tributaries while the yq,gsqa1i611 ctrnrfrises,,f
- grasses. shrubs and lres5, lnd the 

'cgr.,t.rtiorr 
ist

usually thicker along the river channels. The
Area has a good road network and drainage
system and hosts three major hydro-electric
power stations in Nigeria at Kainii, Shiroro and
Jebba respectively.
Groundwater moves through subsurface rocks
and assumes the nature of the rock through
which it {lows. The interaction of groundwater
with tl.re host rock makes hydrogeology a salient
point between geology and chemistrv
(Abimbola, et al., 2008, Oliiehinde and Amadi,
2008). Groundwater quality can naturally be
influenced through bedrock dissolution by
groundwater or be anthropogenically affected
by human agency such as drrmpsites, cemetery
and farming.
Tlre Prr.sr'111 .tudl er,rlualr.. tlrt. anrount arrd
qualitv of the qrouncln.ater in clifferent parts of
the state and the results conrparecl to tlre
standards recommentlecl trv World Health
Org.lnizatiol't and Nigerian Standard for
Drinking WaterQualitr'.
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MATERIALS AND METHODS
Geology of the Area
About half of the land mass of Niger State is
underlain by the Basement Complex rocks *,hile
the remaining half is occupied by tlre Cretaceous
Sedimentary rocks of the Bida Basin. The
boundary between these runs in a northwest-
southeast direction, with the Basement rocks to
the north and the Sedimentarv formation to the
south.
The Basement rocks consist of a suite of
Precambrian gneisses, migmatites and meta-
sedimentary schist which are crosscut by
intrusive granitoid (Ajibade and Woakes, 1976).

The gneisses and the meta-sedimentary schist
which constitute the host rocks to the granitoids
and are found mostly as flatlying outcrops are
often ili exposed except along river channels and
road cuttings. A typical weathered profile of the
Basement rocks in the area consists of two main
zones; the surperficial zone of about 2m thick
and the fractured zone rvith an avcrage
thickness of 18m. Granites and gneisses lteather
into medium to coarse grained sancl while
schists weather to clays. The sedimentary
formation consists of loosely cemented
sandstones ofvarying grain sizes, shale and clay
and are capped by lateritic and or ironstone
concretions, particularly in upland areas
(Shekwolo,1993). The geology of Bida Basin was
first described by Falconer (1911). I1e named the
Cretaceous sedimentary rocks (,utcroFping in
Bida area as Nupe Sandstone. The narne Nupe
Sandstone was replaced by Lokoia Sandstone
(Jones, 1958). Adeleye (1976) described them as

laterial equivalent and composed of fine to
coarse grained sandstone, clavs, gravelly-
sandstone, siltstone, shale and lignite w'ith
maximum thickness of about 300m below the
ground surface. Hydrogeological investigation
of the area had been worked out and tlifferent
aquifer types identified in tlre area (Shekr.,",olo,

1.993).

Fieldwork
Pumping test data were obtained from 25
locations using drawdor.t,n, recovery and step-
drawdown methods, and the result correlated
witl.r their resl'rective borehole logs. The
pumping tests were carried out to give an
estimate of tl-re transmissivity of the aquifer and
borehole yield. lt is one of the fundamental
measures of how good an aquifer is. It indicates
how easily groundwater can flow through a rock
to a borehole. It is measured in m'/d and is
defined as the rate at which groundwater will
flow through a unit width of aquifer for a unit
difference in hydraulic head. The aquifer
transmissivity in the area was determined using
Theis (1935) and |acob (1945) methods
respectively (Table 1).
The Theis equation (recovery) for calculating
transmissivity is given as:

T=2.3O
47tAs Where: T = Transmissivity (m'/d),

Q = Discharge (m'/d),
AS = Slope/logcycle.

T=2640
AS Where: T = Transmissivity (m'/d),

Q = Discharge (m'/d),
AS = Slope/logcycle.

A total of 16 water samples were collected in
pairs rrsinp; a glass and a plastic container from
borehole samples in the area (Fig.1). The
physical param(,lers (pH, conductivity,
temperature and turbidity) were determined on
the field using a calibrated pH-metre,
conductivity meter, thermometer and
turbidonreter respectively. The chemical
parameters (cations, anions and trace elements)
were analyzed using Atomic Absorption
Spectrometer (A AS) r,r,hile bacteriological
determination of coliform and E.coli were
o[:rtainec] using presumptive count and
dif[t.r'errIiaI ctrrrnl rt spectively.

t.

z1)

While the Jacob equation (drawdown) of
determining transnrissivity is shown below:
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RESULTS AND DISCUSSIONS sedimentary terrain, the static water level is

deeper, ranging ftom 3.6 m to 38.7m.
Table 1 is a summary of the hrehole yield, total
deBth drilled (IDD), static water level (SWL),
transmissivity according to Jacob and Theis in
relation to their local geology. The results
intlicrrte that the area has low to good.
groundwater potentials as in Gheorghe and
Krarvny Stantiards for Transmissivity (Iable 2).

It is these data that ll'ere also used to determine
the borehole transmissivity in the area. Ilcan be

deduced that, the local geology determines thc
groundrvater potential of an area- Boreholes
drilltd in sedimcntarl' terrain had more yield
and hiliher transmissivitv value than those from
Bascmelrt Complex terrain while along the
transitional zones; llte n,e'll yieltl anti
transrri-sir ilr r.1t(' Jr( nr(rd( r^ltr'. 1-ht' gt.rpll of
clr.ru dorr'rt .lnrl rr'c()\ erY .rg.rinst tittte att:
cont.rinr'd in iigurt-s 2 .uel 3 rt'spcctivch,, rvh lc
fkrn -rate arrrl step-tl r.r rv tl <xvtr HraPh are showlt
in Figul'4.I

I

Pumping Tests
fumping tesls are one of the most important
tools for assessing groundwater resources. They

test the response of groundwater in an aqui{er to
pumping. By carefully measuring and
interpreting this response, it is possible to
deduce various pieces of information, which are

useful in quantifying key aquifer parameters
such as transmissivitv and storativity. Aquifer
pumping tests Provides data used in evaluating
the groundwater potential of different rocks in
the study area. Pumping tests l\'ere carried out in
25 locations to obtain informatior.r about the

aquifer yield and borehole performancc in the

area. The borehole vieltis gave a rarrqt' of 0.8 10.0

l/s uith lht' highlst in lht' s,'rlirrrr'trlatv rlck
u,hile the lc.tst is in tlre Brscnrt'rrt CLrrrtPIcr

terrairr. Theru is nrr significant .lilli'rcnce irt

borehole c{t'1.tths frortr thc trto tcrri'iil}s btlt
differences exist in st.rtic rvittct levt.l. Ihc static
lvater level in the bastnrent tr'n'ilin is sh,tllcru'cr
rangin2; fronr 2--3 nr trr 13.7 rn rvhilt' in tlrt'
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Toble 1: Summory of Pumping Test Doio ocross the study oreo

TDD

{m}

Borehole SWL

Yield {m}

{lA}
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Jqcob Theis Geology
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J
4

Lombolo
Kogoro
Kulo

Tungon-
Mollom
Koffin-Koro
ljo-Koro
Gwodo
Moje
Tegino

Forindoki
Beji

Morigo
Pondogori
Yikilo

Kwokuti
Moitongi
lbeto
Lemu
Edozhiji

Soho-Romi
Auno
Enogi
Rofin-Goro

Solko

54.0

60.0

65.0

60.0

7.1

2.0

2.1

3.0

3.8

3.7

6.1

13.7

40.0

5.0

10.0

?.0

55.0

12.0

15.0

53.0

Bosement
Bqsement
Bosement
Bosemenl

6

7

B

?

l0
1l
12

l3
14

l5
i6
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l8
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tt
,),)

23

24

60,0

90.0

93.0

30.0

51.0

60.0

90.0

75.0

60.0

90.0

90.0

36.0

72.0

32.0

18.0

5l .0

30.0

5r.0
98.0

30.0

J.O

1.0

2.9

0.8

1.0

2,1

3.1

2.0

2.0

t.6
2.0

(c

8.0
4.8

2.8

5.4

2.3

4.3

5.2

7.0

3.2

2.4

2.5

5.0

8.0

3.6

26.1

8.2
9.0

38.7

14.6

r8.0
4.0

r/.0
9.0

15.0

2.0

30.0
4.0

22.0

5.0

9.0

5.0

2.0

4.0

380.0

80.0

430.0

20.0

t30.0
700.0

25.0

t0.0
23.0

r0.0
20.0

r0.0
4r.0
l r.0
42.0

12.0

r5.0
20.0

4.0

r0.0

700.0

r23.0

860.0

30.0

200.0

r000.0

Eosement
Bosemenl
Bosement
Bosemenl
Bosement
Bosement
Bosemenl
Bosemenl
Bosemenl
Bosement
Bosemenl
Bosement
Bosement
Sedimentory
Sedimentory
Sedimentory
Sedimenlory
Sedimenlory
Sedimenlory
Tronsilion
Zone
Tronsilion
Zone
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65

25 Wushishi 30.0 3.0 13.2 115.0 500.0
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59.0
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0.8
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r000.0
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Borehole-log and Design
Borehole-log and casing tally typisal of thc
basement terrain is shown in Figure 5. l'he screen
was positioned below the fractured zone. Wells in the

Basement rock terrains are generally lou,in yield and
transnrissivitv compared to the Sedimentary area
while the transition zones have moderate values.
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Physical Parameters
The results of the physical, chemical and
bacteriological analyses are contained in Table 3.
Cenerally, the results o[ the groundwater
samples in the area indicated that the water is
odourless, colourless and clear in appearance.
The pH values ranged from 6.3-8.1 wjth an
average value of 7.'17 and these \,alues fall within
the acceptable pH range of 6.5-8.5 by the Wortd
Health Organization (WHO, 2006) and the
Nigerian Industrial Standard (NSDWQ, 2004.
The total dissolved solid (TDS) varied from 65.6
mg/l to 1.84.3 mg/l with an average value of
116.6 mg/l while dissolved oxygen (DO) ranged
ftom0.74mg/lto 5.54 mg/ I with a mean value of
2.03 mg,/|. The concentrations are below the
permissible limits of WHO, (2006) and NSDWQ,
(2007). Electrical Conductivity ranged from
98mg/ | to275 mg/l with a mean value of 176.6
mg/l while turbidity varied from "1112 mg/l to
76.25 rr.g/l with an average value of 11.29 mg/I.
Temperature is of the order of 24.8"C to 29.TC
with a mean temperature of 26.3"C. The
concentration of the physical parameters
analvzed were lower than the maximum
allowable guideline value by the WHO (2006)
and NSDWQ (2007) except turbidity in locations
6 and 7 (Urapna and Dutse-Oho in Rijau LGA)
having 16.0 NTU and 16.25 NTU respectively as
against the permissible value of 5 NTU (WHO,
2006 and NSDWQ, 2007). The groundwater in
these locations is cloudy in appearance, which
may reduce its usability.

Microbial Parameters
The microbial analvzes carried out on the
ground&'ater samples were total coliform and
E.coli (Table 3). 1here were no E.coli detected in
the 16 samples analyzed while the concentration
of total coliform are below the WHO and
NS[.,WQ guideline values for a safe drinking
water, lvhich implies that most of the
groundwater in the area are free from
bacteriological contamination.

is of the order of 0-1.04 mg/l rvith a mean of 0.15
mg/ l. The concentration ofchloride ranged kom
!5.99 mg/l to 137.95 mg/l with a mean value of
44.55 mg/l while fluoride varied from 0-13 mg/l
with an average value of "1.02 mg/\. Sulphate
concentration ranged from 13.0 m g/l to35 mg/l
with a mean valu e of 23.2mg/lwhile phosphate
varied from 0-7.77 mg/l with an average value
of 0.23 mg/I. Phosphorus is of the order of 0-0.57
mg/l and a mean value of 0.11mg/l while
phosphate penta-oxide varies from 0--1.32 mg/l
with an average value of 0.13 mg/I. The low
concentration of phosphate in the area indicates
a controlled application of phosphate-rich
fertilizer in the area. The concentration of
magnesium varied between 0.97mg/l and
7 .9-lmg/l with a mean value of 2.13 mg/l while
calcium ranged from 7.62 mg/l to 30.48 mg/l
with an average value of 9.57 mg:/|. The
concentration of iron ranged from 0-1.16mg/l
with a mean value of 0.19 mg/l while
manganese varied from 0-0.03 mg/l with an
average value of 0.005 mg/I. Copper is of the
order of 0-1.16 mg/l and a mean value of 0.23
mg/1. The concentratidn of iron, manganese and
copper fall within the tolerable limits as
recommended by WHO (2006) and NSDWe
(2007). The mean concentrations of calcium and
magnesium hardness are 24.46 mg/l and 8.33
mg/l respectively. Their presence is responsible
for hardness in watet which is the tendency of
water not to foam easily with soap. Calcium is
vital for strong bone and tooth formation in
animals. Nitrate concentration varied from 0-15
mg/l with a mean value of 4.61mg/l while
nitrite ranged fuom 0-0.17 mg/l with arr average
value of 0.03 mg/I. Nitrogen is of the order of 0-
3.4 mg/l and a mean value of 1.24 mg/1. These
values are far below the maximum acceptable-
value of 50mgrrl by NSDWQ (2007) and WHO
(2006). It implied that the use of nitrate-rich
fertilizer in the area is very minimal and the
groundwater is free from natural and
anthropogenic contamination.
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Chemical Parameters
Ammonian gas had valuc,s that ranged frorn 0-
0.94 mg/l and a mean value of 0.12 mg/l while
ammonia concentration varied from 0-0.96 mg/l
with an average value of 0.13 rng/1. Ammonium

210



Toble 2: Gheorghe ond Krowny Slondords for TronsmissivityI
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Gheorghe (I978) Krowny (1993) k m/doy Moteriols
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CONCLUSION
The groundwater quality in the area was
assessed through physio-chellr icill and
microbial analyses carried out in the laboratory
u/hile the groundwater potential were evaluatecl
using pumping test data obtained in the field.
The groundwater potential indicate a vt.rriation
of lor,r' to high while the 'labt.rraton, 

analvses
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I 'lealt h Orga rriz,r tiorr. Thr' gr( rr r r r( I\1 ,) tr:r :i \u rcr..
in the rvhole of Niger state cin l.t, usecl to
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adequate investigations and supervised drilling
are made. Tlre Basement Complex. Transitioi
Tone.rnd Scdimr:ntary T(,rrain correspond to
lo\ ,, modcr.ttc and high groundwatcr potcntials
respectivelv_ At every location, the
transmissivitv \.aluc obtained using Theis
methocl was hither compared to values
(rht,rin('d usirrg |,rt ob tncth()d. Thcis mcthoti is
ttrorr,reliai.lt i,tcarrse il tesls llre rratrrral ahilitv
l lir,. r\lUrlr.l., i,r rrr.rlrrr._ <(. Ot tlrL,r.ritr\.r,r.\

trtetlt,r,i rvltir lt a.lnn()t lre jnllut:rrccd b1 lrulrr.ut
irrtcrli lr.,rrct'. )\Irtltin thc F,rsr,nrcnt tcirain, tlrt,
clegree iri fr.rrturir.rl: r,aries t ith higher values itr
nr c.rsali)Se t(r tirL- transition zrtr.rc.
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