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Abstract
fhe hydrogeological characteristics arrd groundwater potentral of parts of Inro State, Southeastern Nigeria
were evaluated via bacteriological analy,sis. cheniical analllsis. pr-rmping test data. borehole logs.

geoph.vsical sLrrvey and sieve anal.vsis. Transrnissivity value ranges from 88.0m'/day to l35.0rn2iday. The

hydraulic conductivity varies from 0.05crnisec to 0.50cnr/sec. The geophysical suri,ey, and borehole logs

confirrned that the area is sand dourinated. The sieve anall,'sis results indicate: coarse qrained sand >

mediurr grained sand > tine grained sancl > gravel > (silt & 6121,) The borehole logs give a g6oci

lithostratigraphic profile of the sLrbsLrrface roclis ilt thc area The aqr"rifer S)lsicgt i6 the study area is mailly
Lrrrconflrted. The stLrdy revealed low concetrtratiolrs of cations and :rr'rio6s r,vltich ar.e attributed to the paucitv
of solLtble materials in tlre bed-rock of the fbl'lrlation arlci tl',i' overlyins soil. 'fhe lticrobial analt,sis of the
water samples indicate higlr value ol "total colifbrn','' r.vhen cornpared with the Nigerian Standarcl lor
Drinking Water Quality (NSDWQ) and World Health Orsanization (WHO) rnaximurn perrnissible limits
for drinking water. The pH value varies frq;1] 4 5 to 6.8 u,irlr a rnean valr.te of 5.5. These findinss indicate
that the area has good groundwater pote ntials and liigh aquiter recharge.
Keyrvords.'Hydrogeology, W,.iler Resources, Geopltl:sicul Survet', Strutu-logs, Sieye,4nulysis,
Trutrsntissivily, Hltdruulil iieul, Stutit. ll'uter Level uttd Benin Formotiotr.

lntrodr;ction
This paper gives a detaiied appraisal of
the aquifer system and hydrogeology of
the southern part of hno State r.r,itl-r the
aim of calculating the grolrnd\\a1er
reserves ancl recharge. l-he
transmissivity and hydrar-rlic
conductirzity of the aquif-er systen.] ir, the
area were determinecl Lrsing Theis
formula and Hazen formuia respectively.
The study also provided ir-rformation to
be used for optimllm developrnent.
utilizatiori and proper manasement
strategies of water resources in the area

and Niger Delta in general. Tl-ris present
studv is a pioireer attempt in this
direction and the population increase in
h-no State with its assocriated pollution
tendencies are good reasons for thrs
stlldy.

Study Area Description.
The studr, area is Ou,erri. the capital citr'
of L.r-ro State (Eastern Heartland). Ir I-res

between Latrtudes 5o12'N to 5'47 N ancl

longitudes 6'45'E to 7ol5'E (FigLrre.l ). It
is a loru lying terrzrin with a good road
netu,ork. The area is drained bi, Otamiri.
Oramiriul<ll'a. Njaba. Nworie and Imo
Rivers. The rivers 1'low in tl-re north-
south direction except Njaba River
rvhich flows fl'orn rrest to 9251 10 .join
Oranririukr,va River (Iri gLrre. I ).

Geology of the Area
Tl.re undulating plains and vallevs are

runderlain b.v thick sandv horizorts
beion_uir-rg to the Benin Forn'iatior-i of
Nliocer-ie to Recent age. The forrnrtiop.is
made Lrp of fi-iable sands rvith rninor
intercalatior-rs of ciar,. The sancls are

mostl) coarse-grained. pebbly'. Iloorly
sorled and contain pocls ar-rd lerrses of
line-grained sancls rvhrle the ciai,s occLlr

as streak ancl discontinous lenses. -fhe

Benin Fornratior-r is in part cl'oss-

slralit-let1 sith the lbrset beds aiternating
bctuc-en coarse ancl flne-qrainecl sands.
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Petrographic study on several thin
sections (Onyeagocha, i 980) shows that
quartz makes Lrp more than 9i% of ail
grairrs but Asseez (1976), Avbovbo
(1978) and Ezeigbo (1989) indicated
greater percentage of other skeletal
materials including feldspar. The general
thickness of Benin Formation is variable
and ranges from less than 200m at the
north-eastern limit to about 2000m at the
depocenter (Avbovbo, 1978). Witliin the
study area, the average thickness of the
formation is about 800m (Onyeagocha.
1980). lt is a good aquif'el with an
average annual replenishment of about
2.5 billion cubic meters per year
(Onyegocha, i980). In most areas, the
sandy components forms more than 90oZ

of the seqllence of the layers therefore
permeability, transmissivity and storage
coefJ-rcient are very high. lnspite of these

lavourable conditions for groundwater
accumulation, cases of borehole failures
abound in Owerri area. This is part of
what led to the present study.

Climate and Physiography of the
Area.
The study area lies within the troprcal
rair-rtbrest belt of- Nigeria ancl is

characterized by gentle undulatir-rg ridges
and low lands. Springs are few and
confined to the valley of the Imo River.
The area has two distinct seasons: a dry
season which lasts frorn November to
N4arch, and a rainy season which lasts

fi-orn April to October. The dry season is
ofien ptirrctuated by a ferv scattered rains
especially in February and March.
Rainfall is bror-rght by the moist
Equatorial Maritime Air Mass from the
Gulf of Guinea with prevailing winds
fron-r the south-west. The average annual
rainfall is about 2500mrn (Uma, 1989).
l-he l-rumidity is generally high
tl-rroughout the year and the rates of
evapo-transpiration 1'ar exceed that of
precipitation dr-rring the dry seasons
(t-)ma and Egboka, 1986).
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Materials and Methods
To determine the groundwater potentiai
of an area, the potential aqr-rifers ha.ie to
be identified and their hydrogeological
features have to be considered. These

7o of

5o 1,5

5030N

hydrogeological data were obtained from
6 pre-drilling geophl,sical sun,ev, 18

clrilled borehole logs. 5 pr"rirlping tesrs
and I4 sieve analysis as shown in Figure
2.
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Geophysical Survey.
Ple-driliing geophy.sical investigaiion
was carried out in 6 locations (FigLrre 2).
Resistivit,rl method,. Llsing the. Verlicai
Electrical Sounding (VES)
Schhunberger array technique. was used.

The survey provides inforn'iation about
the nattire of the subsurface geology ar-rd

the viability of .the drilling project at a
chosen site. The lithostratigraphic

Metres Lithology Description

. informatioit obtained . thtotrgh
geophysical sr-rrv'ey compiirnents
geological nrappine and lithologs
obtained fror-n boi'ehole drilling in the

determination of clorninant rock.type in
the area. Tlle geoelectric sections
obtainecl revealecl tl-rat the aiea is

dominated by Sandy Forrnatiorr with
minor clay interc'alatiorr (Figure 3).
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Borehole-logs
The borehole-logs from the area sho\\'

that the area is domirrateC b1' satlcll

lbrmation (Figure 4). I\4ediurn to coarse

,l

thror.igh
plinrents
lithologs
: in the
tvpe ir-r

sections
area is
)n w'ith
l)

Er
cr
O
o

grairiecl sand occttpies abotit l5oto of the

.entile logs. which cotlforrns to the

geoelectric sectioti sl-iorit-l in figLrre 3.
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Static Water Level (SWL) and

Hydraulic Head Distribution.
Static water ievel measllrements \\'L-re

made in 18 boreholes using electric n'ell

souncler. Hydraulic l'iead was determitlecl
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from l-inch diameter PVC pipe whose
bottom was sealed with a PVC stopcork.
The static water level, hydraulic head,
hydraulic gradient, topographic and
drainage maps were used to construct the

6"58'E

5'40',N

5"25'

Fig.5. Groundwater Flow Map of the Study Area.

Pumping Tests
Pumping tests were carried olrt in few
locations to obtain information about the
yield, drawdown and recovery rates of
the wells. It is these data that were used
to determine the specific capacity or the
discharge-drawdown ratio of the wells.
The discharge value was finally used to
determine the transmissivity of- the
aquifers in the area which provided a

ground water flow map for the area
(figure 5). The static water level of the
18 drilled boreholes and their
corresponding liydraulic head are
summarized in Table 5.
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picture of the groundwater potential of;
the study area. The aquifef
transmissivity w'as calculated from the
pumping test data using Theis formula
stated below:

T = 2.30O
4zrAS

Where: T:Transmissivity(m2lclayl
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. .Q = Punipin$ rate (rn'idaY);
As :'Slopd/ log'cycle
The vahies gf .Q il;ere clet'elmirieci i:r itre
field ai pumping wa.s in progr.ess rvhile.
the values bf As were determined fiprn
the slope along dfawclown :

A.s = 0.29 (flor! the graph)..
T: 2.30

4nAs =. . 2.30 1qq.i
4 x3.142 x 0.29

9i.o m2lclay

Eziobo Bor'ehole

Q :'6OOO lit/hr 
= 

6000/ (60 x 60)
- 1.61 .lit/sec.

= l:67 x 60 x 60 x2411000 =
I 44.3nrl /clay
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Sieve analysis was condticted oir'14. .

borehole litho-sarrples. 85% of the grrlin
size distribution curves inciicates sandy
region in tlie order of: coalse sancl >

tnedium sand > fine sand > (silt & clay)
> gravel (Figule 7).Hazen form,;la r.,u,as

used to detennine the Hydraulic
conductivity (K).

The Hazen's formula is given as:

K = c[d1p]'
Witere: K=h),draurlicconcluctivitir
(cni/sec)

d16: the effective grain size (cm)' C:acoefficientfactor
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Bacteriological and Chemical
An:rl1'ses of Water samples.
Tire most common and ."videspread

health risk associated with groundr,r,ater

contamination is rnicrobial
contamination. Microbial contamination
of rnajor urban system has the potential
to cause large outbreak of water borne
disease. The microbial analvsis of the

water samples revdals l-rigl-r concer-)tratjon
of "total coliform" wl-rich is attribr-rted to
anthropogenic interference u,'l-rile

chemical ar-ralysis of the r.vater sanrples

from the salne area indicates a low
concentration of cations and anions. The
general low concentratior-r of r-r-rajor ions
in tl-re groundwater samples is attributed
to t1"re paucitl, of soluble materials in the

bed-rock of the formatron anc'l the

overlying soil. :\lso. the coarse cluined
sar-rdy lbrmation in the area ailorl,s rapid
infiltration into the water table anrl thus
results in little or no contacr and
residence time betrveen the percolating
water and the few solr-rble rnatcrials
present.

Discussion of Results
Rocks with similar h,vdrogeologic
properties such as specific vield"
transmissivity. storativity and hvcllar-rlic
conductivity are callecl

hydrostratigraphic unit. Basecl on tl.re

constitnent r-naterials. the fbrmation can
be nan-ied as sandstone aquit-er (sancl

beir-rg the constitr,rent material). I irc rreecl

ibr borehole to augrnent watcr sLrppll

fiom surface u,ater makes it ir"npcrlrtive
to have a good lorowledge of thc ltlLiiler
potentials frorn which grounclu atcr rs

sourced. The stLldy of grountil ater
potentials in difl'erent parls of inro State

revealed that rrost Lroreholcs airc

wrongly located due to inadequate pre-
dri iling geoph.vsical and h-vdrogeol o gi cal

sti-rdies (Amadi, 2007).
The results of the pre-drillinu

geophysical survey and the sieve
analysis indicate that the area is
predominantly sar-rdy fbrmatior.r. The
transmissivity value ranges fiorti
88.Om'/day to i 3 5.0m'/day. TIie
hvdraulic cor-rductivity is of tl-re order of
0.05cm/sec to 0.50cm/sec. The pH value
varies from 4.5 to 6.8 u'ith a rnean vahie
of 5.5, whicir indicates slightly acidic.
Gas flaring might be respor-rsible for tlie
low pH observed in the water samples.
Lr view of the findings, the aquifers in
the area are of good groundwater
potentials. Tl-re rnicrobial analysis of the
\vater sarnples indicate high valr"re of
"total colitbrm" which is attribr-rtecl to
aintl-iropogenic interf-erence u,hile the

cher-nical analysis of the water sermples

Il'onr the same area indicates zr lolr,
concentration of cations and anror-is. The
general low concentratron of major ions
in the gror"rndwater sarnples is attributed
to the paucrty of soluble rnaterials in the
bed-rock of tl.re fbnnation ancl the

oi,erlying soil. Tire results of the

rlicrobial and chemical analyses show
no negative health implication at present.
l'he findings indicate that the area has

good groundwater potentials and higlr
aqLrif-er recharge.

Conclusion ancl llecommenclation i-lhe area has a goocl grounclu,ater
potentiai as revealed b), the

tlar-rsrnissivitl,' and l-i1,drur,,,.

conductivitr values cicterminecl usins
'l-lreis fornrula and llazen fbnlula
respectivel)'. The uusaturated zoue

materials are mainly sancly and grar,'el11'

lnciuctivity

size (cnt)

,?J 61

60 1l

lflrt

m68LIS

it
rl

rl
rl
rl

lt
lr

t:

lr
lr

lr

I

I

I

t;

t:

t,

t;
lr

l,

r0



N igcr i u n .J ou r n a I ol Te c h n o I og i c' u I Ras c u r c lt

facies with high permeability rates. The
higl-rli, permeable ' ovelburden anti
shallow water table are indications that
contaminant would migrate easilv into
the groundwater. The perrneability ancl

porosity of tl-re aquifer rnaterials enhance
both vertical and horizor-rtal l-novemeut
of contaminant into the groundu,ater
system. Groundwater qualitv
management tl-rrough eciucation of the
public on health implication of poor
groundwater managenrent and the
enforcement of necessarv larvs that
wor,rld help protect the sroLrnclrvater

systen is advocated. fhe values of
transrnissivitl, and hydraulic
conductrvit,v- are good indicators of
aquifer potentials with high groundwater
potential. however. proper geoph,vsical

and h,vdrogeological stuclv rr'or-rlc'l have
enhancecl greater procluctivin, and

provicle rnore informatior-r that can be

usecl for optirnum tler,elopmenl zurd

proper management of groundrvater

resources in the area.
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Table 1: Stratigraphic Succession of Rocks in Orverri area (After, Urna iind Egbok:l,
r98s).

Unconsolidated Sand with lignite searrs at va

C Cla Sanclstone ancl Sa Cla stone

Lanrinated CIa Shale

Sanclstone iutercalatecl rvith Shale ancl Coal beds

Table 2: Summarl' of Pumping Test Result.

Borehole
Ilaclius
r ItllI

/o

76

91 0 l6

Mear-i r68 3 107 0 76

144.3-192.0

N iger

Tabl

50-
500r
_s-5C

0s-

( 0.:

Dri
90
90
9C

9

9

9
O

9

1(

l(

9

9
q

)
J

I

Range 023
040

88.0 - 13s.0

Age Forrnatiorr Lithology

M iocene-Recent
Berrin Fornration
(Afam Merrrber)

lVlecliurr to Coarse grairred. poorly consoliclatecl
Sand rvith clay lenses and stringels

Olrgocene-
M iocene

Ogwashi-Asaba
Formation

Eocene
Arreki Fornration
Nanaka Sand

1-ertiary

Paieocene Irro Shale

LJ pper
cretaceoUs

Maastrichian NsLrkl<a Forrnation

, 50(

Pumping
Rate (Q)
m-'/day

S/No Borehole
Locations

SIope
(As)

Transmissivify
(T) m2/day

I 144.3-Owerriorj 023 88.0

2 Ihiagrva 192.0 0.40 112.0

J Eziobo 192 0

1 Enreabiarr 144.3

0.?6

a) .)r) 135 0 16

029

2i



rd Egboka,

z consolidated
'S

SeanlS at variqL

,Claystone

and Coal beds
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Table 3: Gheorghe and Krawny Standards for Aquifer Transmissivity.

77.50
72.50
72.50

72.50
72.50

12.50
I / .)t)

299 72 50

359 77 50

419 72 50

Table 4: Punrping Test data for Eziobo Borehole

24

Sand &
Gravel

70 00

70 00

70 00

70 0i)

70 00

70 00

7000 i

i

Gheorghe Krawny I( n-r/day Materiais
T Potential T Potential 0 0 i-0.2 Surface Clav

r 500 rn'lday Hieh r i.000 Very High 10-s - 10-' Deep Clal'
50-
500rn'?/da

Moderate 1 00- 1 .000 High 0.1-1 Surf-ace

Loan-r

5-50 m'?/day Low 10-100 Intermediate 1-5 Fine Sancl

0.5-5 m'iday Verv Low 1- 10 Low s-20 Mediunr
Sand

< 0.5 n-i2lday Negligible 0.1-1 Very Low 20- 1 00 Coarse sar-id

Imperceptible 100- 1 .000 Gravei
5-100

0.001 -0 1 Clay. Sand
& Gravel

Local-time Time(Min) Water-level(M)
Drawdown Recoverl, Drawdow,r-r Recovery

4.01prr9.0lam 0 0

Drawdown Re covery
70.00
10.40

72 20

71 .889.02anr 4.02pm 2 I

9.04am 4.03pm 4 2 71 .62 11 56

9.06am 4.05pm 6 4 71.10 71 .47

71.99 11.229.08am 4.07pm 8 6

9.l0arn 4.09prn 10 8 12.27 70.00

9.1 2anr 4.1lpm I2 ll 72 50 70.00
9.14am 4.13prr 14 13

9.1 9anr 4.1 Spm 1819

9.24am 4.23pm 24 23

72.50 70 009.29ant 4.28pn't 29 28

44 43 72.50 70.004.43pm
4.5Spnr

9.44arn
9.59an"r 59 58 72 50 +70.00

5.28pni
5.58pm

10.29am
10.59am

88

1r9
88

r 18

119 118
238239

nt
12.5 IN

I 1.59arn

7.s8
6.5

l.59pnr
2.59pm
3.59prn
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Table 5. Water Static Level and Hydraulic he:rd distribution

Hydraulic head
(%)

Ait
Tt
SU

Local

Inr

Alr

Neked

Ih iar

Fu

Eziol

Agt

. Ulal

A

obi

Ohar

Orami
ri,

Otanri

Egb

Arond

9

22

22

22

22

22

22

22

22

9

22

M

Ra

i
T.

Borehole
S/No

Location Static
Water Level
(SwL) (m)

1 Nekede 20

2 Ihiagwa 2A 9

-) Amaeze 19 9

4 Irete 17 I
5 Obr-rbe 24 10

6 Ugwu-Orji 1^)+ 12

7 Akabo 45 22

8 Amarmo 48

9 Azara 38

t0 Ogbor 60

11 Oboar.na i 50

1a Afara 45

l3 Ogwa 64

14 Umunaka 65

15 Oguta 19

16 Nkrvorii 65

1l Umuegbe 64

l8 Isi Ogwugwa 65 22
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Table 6. Result of Chemical and Bacteriological analyses of groundwater and
surface water in parts of Imo State.

Obinze

)

:
!
I

I

Locations Ca" Mg'* K* HCO3 SO.,'- CI pH E.
Coli

Total
coliform

I nrsu 24 7.6 6.5 42.0 11.0 3.6 4.8 0.0 129

Alvan 26 4.8 0.63 39.0 4.0 4.0 6.8 0.0 52

Ne kede Poly 21 3.7 1.6 36.0 5.0 24 68 0.0 48

Ihiagwa 22 3.8 t4 25.0 2.0 2.9 6.5 0.0 68

Futo l8 5.r 0.4 11.9 4.0 l.J 6.0 0.0 12

Eziobodo r6 1.6 3.6 19.6 r 5.0 5.3 4.8 0.0 8t

Agbala 49 8.8 0.2 45.0 J .0 3r 6.6 0.0 38

Ulakwo 30 1.5 l.l 21.0 3.5 ,L. ) 5.6 0.0 6t

Avu 39 t.2 2.3 23.0 2.0 r.8 46 0.0 _53

)Z 1.1 0.6 r 6.0 r.0 2.6 4.1 0.0 92

Oharnbele 9.6 3.5 0.r 40 4.0 20 6.5 0.0 84

Orarniriukwa
nver

26 9.8 0.3 30.0 3.0 r.6 4.5 0.0 3s9

Otamiri river t7 )1 r.8 42.0 5.0 7 4.6 0.0 462

Egbeada 4.0 7.8 0.0 8.0 4.0 2.0 6.8 0.0

Arorrdizr.rogu 12.1 1.4 0.2 3.0 3.0 2 1.0 0.0 65

Mean 27.2 5.5 1.8 30.8 5.1 2.8 55 0.0 l2t.8

Range t6-49 r.6-9.8 0.2-6.5 r6.0-
45.0

r.0-17.0 r.6-5.3 4.-5-6 8 38-462
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