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.4.bstract
Pumping tests ars the most important tocis fbr assgssinq aouifer ciraracteristics. Purnping iests essess thg

response of groundwater in an aquifer tc pun.iping. Gi; e:rplc:'a:ion and e>loioiratio:i in \\iani and environs

have broughr aiiout an increase in the popuiatior ciinius:i'ies in the area. These i:ave r^sulr"d to arj upsurge

in groundwatei'abstraction, wirich if unchecked can en.iangerthe heaith oitire aquifers. The aquifer s),stem

in the stud1, area is largell, unconfined and comprise: oi coastal plain-sanC also i'-nolvn as the Benin

Formation. The aquife: characteristics and grounar,;atel' vuinerabiiity of oans oi \\/arri, Niger Delta rvas

investigated via pumping test and hvdrochemical analyses respectively. The transmissivity ranges from

876.1m2lday tc' 2A22.Am2lday while spscific capacitl, varies fiom 4L.84m3/ruurr, to 96.30m3lVm. The well
yieid is of the order of 200cm/h to 208cm/h. These findings indicate that the area has 'good groundwater

potentials and high aquifer recharge. The borehoie logs give a good iithostratigraphic profile of..the

subsurface rocks in tire area. Majoriry of the bacteriological and physico-chemical parameters analyzed

were below the guideline values of the Nieerian Industrial Standard (MS, 2007) and the World Health

Organization(\IHO,2006)except coliformcountiniocations2and3;'chromiuminlocations3.4,6andT
as well as lead in iocations 4 and 5 with values slightll, above the guideiine values. Based on the results, the

groundwater vulnerabiiity in the area was categorized into low and high regions.

Keywords: Pumping test, Aquifer hydraulic parameters, Physico-chemical analyses, Bacteriological

analyses and \Varri.

Introductio
In the last decade, there has been an increase in the exploitation of groundwater for water

supply needs of many communities in Nigeria. Groundwater is not only feasible, but also

the most economic source of portable water for urban and rural communities in Warri,

Delta State. Groundwaterhas become contaminated mostly as a result of poorly designed

hazardous waste disposal system, leakage from underground storage tanks, gas-flaring

resulting in the fornration of acid-rain, accidental oil spills and application of fertilizer
and pesticides in agriculture. The chemicals trapped in the subsurface constitute a major

Iong-term contamination source for the groundwater system, resulting in a threat to thei

groundwater supply and a direct risk to human health. Vulnerability is a cost-effective

method of assessing groundwater quality and it is an important tool for a comprehensive

sustainable management of groundwater resources. It is also useful for future

hydrogeological planning and quite appreciable in Environmental impact Assessment

(Amadi, 2007). The need to undertake a comprehensive study of the pollution status of
the ground water in parts of S/arri, Niger Delta cannot be over-emphasized. TIre strategic

position of the area to the country has lead to increased industrial expansion and upsurge

in population.

!'ri-.}]--.- 

-



Jo.urnal of-Science, Technology and Mathematics Education (JOSTMED)
Volunrc 6, Nurnber I

May,2A09
lssN 0748-47 l0

T'he strrcl5' is iiirietl at assessing the characteristics of the aquifers in Warri area and the
vtrlrrcrability ol tlr.i grottnthvater tr pollution. The studSr is also targeted at providing
rtst:itrl irtli;r'mation to be rrsctl lbr ogitirnurn groundwater development, utilization and

tli.ilr.lgemetrt in the alea and Niger Delta in general. The tendency of the pollutants
infiltrating through the porous and highly permeable materials into the shallow water
table thereby contaminating the groundwater cannot be completely ignored. Hence the
need to study the aquifer characteristics as well as the pollution status of the ground water
resources in the area is a right step in the riglrt direction.

:"iri,ly' At e;r Ilescriptiolt
-i'ire area under sttrtly is Warri ancl environs, Delta state. It lies between latitude 50 35tN
an.! 50 52rN of the Equator and longitucle 5048rE, and 60081E of the Greenwich Meridian
with total area of abont 340km2. It is within the Benin formation of the Niger Delta
Basin. The area is a low-land with an average elevation of 20m above sea level. It has an

annual temperature of about 2g0C,relative humidity of 90% and a mean annual rainfall of
about 2,300rnm (Aston-Jones, I 998).

t i.r,liigr, *riil Hyrl rogeology of the Area
\fu'r,r'ri liills rvithin ihe Niger Delta (Fig.l), the largest basin in West Africa and the most

1',rolilir: clelta in Africa. It is situated on the continental margin of the Gulf of Guinea in

equatorial West Africa between latitude 40N to 70N and longitude 50E to 80E covering an

area of about 108900km2. It extends from the Calabar flank and the Abakaliki Trough in

eastern Nigeria to the Benin flank in the rvest and it opens to the Atlantic Ocean in the

south. The clevelopment of the Niger Delta resulted from the formation of the Benue

tlt-,rrgh as a failed arnr ola triple junction associated with the separation of the Africa and

Si,rrtl, .{nrcrii,an lllates arncl subsequent opening of the.South Atlantic (Whiteman, 1982).
':i,,' iirnue Ai;akaliki lrortgh rvas filled with sediments during the early Cretaceous time,
.,,,,lrir'li la{e:r unclerwent frrlding, laulting and uplift with subsidence of the adjacent

Anrinilrra basin to tlre West and Afikpo syncline to the Fast during the santonian. The

I.ligerf)elta consists of three diachronous units, namely from bottom, Akata, Agbada and-

BertiltF.orntations(WeberandDatrkortr,l975).

'firt strrdy area is underlain'by the Quaternary Warri deltaic sand (Etu-Efeotor and

:\.l.yri,[;oilie, 1990). The secliments consist of alternating sequence of gravel, sand, silt and

i-lrir i'i'al,lc 1).'fexttrrally, the t.lorninant sand ranges from fine to coarse and exhibits

iirriiig uplarul sequence. Srnall proportions of glavels and lirnited number of thin clay

holiz.ons are sometimes present at greater depths (Avbovbo, 1978). Two main aquiferous

unils have been identified in Warri. The shallor,r,est aquifer of 2m to 5m depth occurs

u,ithin the unconfinecl superficial alluvium comprising of sandy/silty layers. Hand dug

ra,ells exploit water from tljis aqr,rifer. Deeper, confined and prolific aquifers are
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encoulltered at about 55rn. This aguifer coilsi*s of meciium tO coarse siained sand aild

gravel. lnCustria] and public oo:ehoies oerived lhelr source irom tire seconc aquifers.

Water level in Warri and enrrirons flucruates in response to ciiinatic conCitions, Averaqe
v,,ater ievei in the dry seascn is 3.0m v,,iiii: it rises to the -eround level curinq tire rain5,

season. The present morpholog), oi the Nigei' Deita is highly influenced bv tire reguiar

strong south western prevaiiine v,,ind and the regular pattern of long-share currents (Etu-

Efeotor and Akpokocije. 1990). This is because the Niger Delta faces a higi, energy

d-vnarnic environment of the Atlantic Ocean. The strength of these currents diverts the

sediment brought intc tne sea hv the rivers, ciistributing them along the coast arrd

preventing the formation of a bird-foot-type cielta. This gives the Deita its present acute

marginal sirape. The qualit;- anC abundance of reserv'oir throughout the tefl;iarrr sequence

of the Delta indicates that ti,ere has always been a rnajor sand contribution frcm the

shield area (Avbovbo, 1978).
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Fig.l Geological map of Niger Delta Shon,ing Study Area (Adapted from GSN,
1994)

Stratigraphy of Niger Delta
The stratigraphy of Niger Delta Basin is divided into three diachronous units of Eocene to

Recent age that form a major regressive cycle. The upper most units, the Benin
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Furnration cor.nprises of continental/fluviatile and backsw6mp deposits up to 2500m thick

(:ilrori and Stauble,1967). 'lhe Benin fornration extends from the west across the whole

l.liger l).,lta Basin antl soutlrrvard beyond the present coastline. It is over 90olo sandstone

w,iilr shale intercalations. It is coarse grained, gravelly; locally fine grained, poorly sorted

sLrb-angular to well rounded and bears lignite streaks and wood fragments. It ranges from

N{iocene to recent. The Deltaic and Benin Formation are the aquiferous formation in the

Niger Delta. These are unclerlain by the Agbada Formation of paralic, brackish to marine,

coastal and fluvio-marine cleposits, organized into coarsening upward off-lap cycles. The

underll,ipg Akata Formation comprises up to 6500m of marine pro-delta clays

(\\/lriteman, 1982), gave a correlation of subsurface and surface formation in the Niger

l)rlta as shorvn in Talile 2.

'frri,le l: (]iraternary deposits of the Niger Delta (After Etu-Efeotor and Akpokodje,
r 990

Freslnvater backswamp, nteander
l;i:lt
li.{unqrovc &
:.- i il ,.',/i! 13r'/t)it0l<swain

,.i i i'.,ur'iilritrt;.lonei.l beach rid S

l:i.;i,, l,e iro-Warri deltaic plain

T.alrle 2: Correlation of subsurface and surface Formations of the Niger Delta Basin
(After Whiteman, 1982)
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I r,tiriivalent ttttilnort,n

Geolosic Units Litholoey Age
Allrrvirrrn Gravel, sand , clay,

silt.
Sand, clay,
gravel.

Sand, clay, some silt

Quaternary

Sancl, clay, some silt
Gravel, sand, clay,
silt.

Oldest Known
Ase

Youngest
Aee

Oldest Known
Ase

Renin Fornrz Oligocene Pleistocene Benin Fonnation Miocene

Agbada
Formation

Eocene Miocene -
Ecocene

Ogwashi-Asaba
Formation

Oligocene
t

Recent Akata Fomz eocene Late Eocene
Paleocene

hno Shale
Nsukka Formation

Eocene
Paleocene

Maastrichtian AialiFormation Maastrichtian
Campanian Mamo Formation Campanian

Canrpanian Nkporo Shale Santonian

Coniacian Agwu Shale Turonian
Turonian Eze Aku Shale Turonian
AIbian Asu River Group Albian
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Methodology of investigation
The aquifers characteristics in the area have been investigated through l0 puqririrrg tr:ir
analyses and logging of 10 boreholes (Fig.2) while the vulnerability studies \ve!'i) carrie(.i
out via laboratory analyses of the water samples.
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Fig. 2 Map of the Study Area showing Sample Locations $ Sunrpt" location
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:l:'"t"'r'ijlii)le-1.)gs fi'oni the area show that the area is dominated by sandy formation
lllig':))' h{ecliurn to coal'se grainecl sand with traces of gravel form the aquiferous unit intlru ulea.
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Purnpirrg Tests
Pumping tests were carried ou: iii IC ioca;ioni ro cbtaiii iilicinia'rion ablrui the aquifer
efficiencl'and performance. The dara v,,ere used rc cieteililire the aquifer rrieid,. specific
capacitl'> transmissivi4,. Cooper-iacci'1.(1946) srraight line raeti"rod for constani pumping
rate \,'as used in the determination oi the transmiss;\riiy vaiues because it relares the rate
of <irawdown to the bulk aquifer and assumes thar tiie acluifer ieceives no recharge during
pumping period. The graph of drawCown/recover'., asainst tii:re is shown in figure 4

rvhile the Cooper-Jacob straight line equation is statei irelou,:
T= 764A

4rAS
Where: T :Transmissii,it), (m2ld,a1;S

a = Pumping rate (m3idal); As : Slope/ log cycie
The values of Q were determined in the field as pumping u'as in progress while the

values of As were determined frorn the slope aiong drarvdcum.
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Sanrple [,ocation Transmissivity
(m2lday)

Specific Capacity

1m?/day)

Yield Slope (As)

Ekpan

rr iipr.rrl Jrtnction

1578.9 200 4.15

r 4 t4.'l 61.34 200 2.16

irirsrlle 2022.0 96.30 208 2.66

h{otor Palk Effurun 1053 0 50.1 8 208 2.97

D.I).P.A Estate 1733.3 82.53 208 2.s2

Ugboroke 1049.0 49.93 200 4.01

1722_1 81.97 200 2.44

8'76.1 4t.84 200 4.78

\)77.1 51 .41 200 3.89

t324.1 63.03 208 J-J
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'l'rible.J: Surrnrary of Results of Transmissivity, Specific Capacity, Yield and Slope

Airport Premises
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'f;rb!u ,l: Gheorghe and Krawny Standards for Aquifer Transmissivity

< 0.i trt2/rlay

Piper fliagranr.
I'iper diagranr is an eft-ective means separating anal).tical data for critical study with
!'r.:ltilr:'r'1 tcr :;orlrct:s c,l the tlissolved oonstitucnts in water. The concentration of 8 major
i,,,rl; (].1,r', ii', i\,1p2', cu'u, Cl-, co32-, IICo-3 and soq2-) are represented on a trilinear
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diasiarns by groupins the (i.'.r','itir iri+i arid tne (CO,:-witii HCC 3). thus reducing the
nunibe;'of paramere:s fc:'plcl';int Lc {: C:. '"ne pi;e: cliag:a:ir, iire reir::",e per::i:ta.ges of
the. cations and anions are olotted iri ti-re lo\a,el'triairgies. and ihe resulting two pcints are

extended into the cenlral fielc to represeilt tire toial iorr concentraiiorr. The ciegree of
mixing berween waters can aiso te snor,r,n orr the pipe,"<iiagram (Figu:-e 5). It rvas used to
classif5' tire hvdro-chemicai lacies oi the vr/arer- sampies according tc their iominant ions.
The resuits siror.v that water samples in studi' area ar:e Caiciurrr/Magnesiunr-Bicarbonare
type.
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Fig. 5 Hydrogeochemical ciassification of borehoie water in Warri using Piper diagram

Physico-chemical and Bacteriological results
The results of physico-chemical and bacteriological analyses are summarized in table 5.

Majority of the bacteriological and physico-chemical parameters analyzed were below
the guideline values of the Nigerian Industrial Standard G{IS, 2007) and the Worid
Health Organization (WHO, 2006) except coiiform in locations 2 and 3; chromium in
locations 3,4,6 and 7 as well as lead in locations 4 and 5 with values slightly above the
guideline values. Based on the results, the groundwater vulnerability in the area was

categorized into low and high regions. Human activities in the area might be responsible
for their anomalous concentration. I-eachate from the automobiie workshop might
infiltrate through the overlying permeable formation into the sirallow water table thereby
altering the natural groundwater chenristrl.
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t )r'i,r:irtiit,lrter VtrIne rubility iVlap
Groundwater vulnerabiiit1,3..o.6ing to Albert and Margat (1970) is the possibility of
i:ercolation and diffusion of contaminant from ground-surface into the natural water table

reservoir uniler natural conclitiorrs ri'hile OImer and Rezec (1974) defined Vulnerability,
of groundwater as the clegree of enclangering, determined by natural conditions and
inclependent of present source of pollution. Vulnerability is a useful technique of
assessing grorurdwater quality and it plays an irnportant role in efficient management of
tf i', ri id \valcl' resolirces (Aniadi, 2007).
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Fig.7 Groundwater Vulnerability Map

Discussion
The aquifer systems in the area are largely unconfined. The area has a good groundwater
potential as evidenced by the transmissivity, specific capacity and aquifer yield. The
unsaturated zone materials are mainly sandy and gravelly facies with high permeability
rates.,The highly permeable overburden and shallow water table are indications that
contaminant would migrate easil,v into the aquifer system. The permeability and porosity
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of the aql)iler materials enhance both vertical and horizontal movement of contaminant in
the gropndwater system. The groundrvatervulnerability in the area was grouped into low
and high. Durmping of refuse at the banks of river Ekpan should stop completely while
the automobile workshop should be relocated out of the town.. Groundwater quality
rnanagement through education of the public on health implications of water pollution
anil enfbrcernent of necessary law that would help the protection of groundwater system

is advocated. The existing unplanned dumpsite should be abandoned and landfill
rerlr:d iatiorl measllres enfonced.

Conclusion and Recommendation
The vulnerability map of the area has been categorized into high and low respectively.
An appropriate managernent programme is developed (Fig.8a & 8b) and should be

implemented to address the adverse effects of man's activities on groundwater quality in
area of high vulnerability. Future dumpsites and soakaway should meet the design
standarcl recommended ir-r figure (8a & 8b) to prevent further degradation of the
groundrvater resources in the area. The result of bacteriological analyses shows high
c.trlifbrm count in locations 2 and 3. Therefore., boiling of water is advocated in these
lorations. National and or public health authorities should establish drinking water norrns
and standards and develop an efficient water resources management. Periodic checks of
tlre chemical quality and bacteriological quality of selected boreholes and streams are to
be carried orrt in the area.
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Fig A: Schernatic diagram shou,ing an insitll treatment concept where nutrients are

injected into the aquifer to promote bioreclaimation. It is to be adopted in areas of
moderate Groundwater Vulnerability
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Fig,$ PhytoremediationTechniqueProposedforLou'Vulnerabilityfuea
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