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Abstract

The aquiferous sandy units of the Continental P$&inds built on silicic deposits of high energy
Niger Delta were investigated for both the primagd secondary parameters in southern
Ukanafun Local Government Area of Akwa Ibom Stdathern Nigeria. The investigation was
done using electrical resistivity method employwegtical electrical sounding method. Results
were examined by correlating the analyzed data Vitial geology, bore well data in the study
area and other available constraints of strikingplyegic evidences were juxtaposed with inferred
geoelectric data interpretation as caveats towairdproving the reliability and validity of the
interpretation. The results show that aquiferoady units assessed within the maximum
current electrode separations were fairly isotropis the transverse resistivity for each layer
shows little or no variations with respect to tlengditudinal resistivity. This was reflected by
each layer having coefficient of anisotropy or p@anisotropy as approximately 1.

Key words. Aquiferous units, coefficient of anisotropy, saedary parameters, Continental Plain
sand,Ukanafunand isotropy.

INTRODUCTION

The groundwater occurrence in geological contaets/éen two geologic units has given ample
scope for exploring it in Southern Ukanafun Localv&nment Area of Akwa Ibom State. The
presence of thinly impermeable clayed layers oleskemr lothologic data over thickly permeable
sandy layers such as sandstone, coarse sand, mgdiimad sand and fine sand has energized
the transverse and longitudinal recharges of aruffem surface and subsurface sources [1]. In
such areas, the contacts between the permeabléhiahdimpermeable layers have become the
loci for recharge of groundwater. Hence, locatinghscontacts and characterizing the aquifers
assume significance in groundwater exploration [2].
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No detailed geophysical surveys were carried oulieean the area to locate groundwater
reserve or its potential except the regional magraetd gravity surveys which were carried out
by the Nigerian Geological Survey Agency at lowgfrency and long wavelength to map the
deeper sources far below the shallow layers wheyenglwater is trapped and the information
from the logged boreholes in the area [3].

Thus, delineating the lithologic units that are dasable to groundwater accumulation and
delineating secondary parameters such as longaldinit conductance (S transverse unit
resistance () longitudinal resistivity@.), transverse resistivitg{) and coefficient of anisotropy
(A) that are complementary to the fundamental patenmewhich are resistivities and
thicknesses was carried out.

Accordingly, an investigation employing verticakefrical sounding method along a selected
traverse was carried out. The acquired data weerpreted and correlated with available
geology and other information including bore wedtal which serve as reliable caveats in
analyzing geophysical data. Surficial aquifers witlhe sediment have been investigated.

L ocation and geology of the study area

The locations selected for the investigation coseven villages in Southern Ukanafun Local
Government Area, Akwa Ibom State, Southern Nig¢F@ 1). Climatically, the study area
enjoys an equatorial climate consisting mainly wb tmajor seasons: rainy season (March-
October) and dry season (November-February) [2 Wrean monthly rainfall during rainy
season is about 135mm and this falls to 65mm duhiggeason [2].

The monthly mean temperature varies from annuainmeaperature by 5%C- 65°C and the
maximum daily mean temperature is between’@8 30°C [3]. The geographic positioning
system (G.P.S) coordinate shows that the aredéaseen latitude®55" N and 500" N and
longitude 730" E and longitude 740" E in Akwa Ibom state, south eastern Nigeria.

Geologically, the study area is Recent to Tertsggiments belonging to the Benin formation of
the Nigeria Delta (Fig 2). The formation comprisesitinental sand and gravel deposited in an
upper deltaic plain environment [4]. The grain sizange from coarse to fine in texture and are
poorly sorted [5]. They are also thick and friallgh minor intercalations of clay, silts and
sandstones in the mapped area [5]. The alternaéiggence builds up multiple aquifer systems
with various thicknesses [6-10].

The mapped area which sits on a relatively flatiaris drained by the Kwa Ibo River [11]
MATERIALSAND METHODS

The work was carried out using SAS 1000 model oEMBterrameter and its accessories. The
equipment was used with strict adherence to theaptens available in the instrument
operational manual.

At the field, vertical electrical sounding (VES) thhed employing Schlumberger electrode
configuration was use to obtain eighteen soundalgsg a selected profile that cuts across the
seven villages shown in Fig 1. The maximum curedattrode spread ranged between 600m to
800m depending on the accessibility of the areapdmu settlements and other infrastructural
masts which posed some barriers to the profilentakée sounding points were 400m apart.
With Schlumberger electrode configuration showrFig 3, earth resistance were measured in
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ohm and converted to resistivity in ohm-meter basedhe geometric factor of the current and

potential electrodes.
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Fig. 1. Location map of southern Ukanafun local Government Area of Akwa |bom State
VES and Boreholes

Data analysis began at the field as the measurgdtivitiy were smoothened by manually

plotting the apparent resistivity values againgt ldyer half current electrode separations. The
smoothened data (resistivities at various halfenirelectrode separations) were fed into forward
modeling programme developed by Zohdy and Bisdjtf The results (resistivities and depths)
were post fed into the inverse modeling programraeetbped by Hemkler [13]. The final

modelled results (resistivities and depth) wereamigtd and the thickness were evaluated from
top to the bottom of the maximum electrodes curpartetration. Resistivities and thicknesses
obtained served as the primary parameters that tene used to determine the secondary
parameters that characterized the vertical andzénatal dimension of the approximate layers

that currents penetrated.
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Fig. 2: Geographlc map of southern Ukanafun and environs
(Adapted from the mineral occurrence map of Akvearitstate. Corporate Author,1993)
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Data analysis began at the field as the measurgdtivetiy were smoothened by manually
plotting the apparent resistivity values againgt ldyer half current electrode separations. The
smoothened data (resistivities at various halfenirelectrode separations) were fed into forward
modeling programme developed by Zohdy and Bisdjtf The results (resistivities and depths)
were post fed into the inverse modeling programraeetbped by Hemkler [13]. The final
modelled results (resistivities and depth) wereaimlgtd and the thickness were evaluated from
top to the bottom of the maximum electrodes curpartetration. Resistivities and thicknesses
obtained served as the primary parameters that Wene used to determine the secondary
parameters that characterized the vertical andzwatal dimension of the approximate layers
that currents penetrated.

Figure 4 is a modified layer that current penettated is used to show how transverse resistance

and longitudinal conductance are derived in a trarse and longitudinal section of the column
of unit square cross-sectional area.
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Fig 4. Column of layersof squar e cross sectional area defining primary geoelectric
parameters of the geoelectric column
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A geologic section differs from a geoelectric sectwhen the boundaries between geologic
layers do not coincide with the boundaries betwlagars characterized by different resistivities
[14]. Thus, the electric boundaries separatingriayd different resistivities may or may not
coincide with boundaries separation layers of difié geologic age or different lithologic
compositions. In the opposite situation, layerglifferent lithologies or ages or both, may have
the same resistivities and thus form a single ggoltayer. In this study, the geologic layer is
described by two fundamental parameters: its resistp; and its thickness;hwhere the
subscript i indicates the position of the layer the column section (i =1 for the uppermost
layer). Other geoelectric parameter (secondaryjlareed from it resistivity and thickness.
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Fig. 5: A typical model curve (AKHA, KHA and HKHA curvetype) from VES 18 of the
study area

These are:

- . h,
Longitudinal unit conductance& =— ()
Transverse unit resistancg,=h, o, @
. L h
Longitudinal resistivity,P, =— ®
S

. T
Transverse resistivityp, :ﬁ @

0 %
AnisotropyA =(—‘J ®)

L
For anisotropy layep; = p. andA = 1 [14].
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These secondary geoelectric parameters are particuhportant when they are used to describe
a geoelectric section consisting of several layers.

For n layers, the total longitudinal unit condunda is

s=yf-f h, *h ©
=P P P P

Total transverse unit resistance is

T=>hp =hp +hp,+..+hp, (7)
i=1
Average longitudinal resistivity is
H & . h
p=g=2 2~ ®)
~ S ; ;Q
The average transverse resistivity is
T n n
yo) :E:Zhi pi+2hi (9)
i 1
And the anisotropy is
%
A:(&] =(r9% +H @9
P

The parameterS, T,0. o andA are derived from the consideration of the colurharot square
cross sectional area, (1x1 metre) cut of a groulgadrs of infinite lateral extent (Fig 4). If the
current flows vertically only through the colummen the layer in the column will behave as
resistance connected in series and the total aesistof the column of unit cross sectional area
will be

R=R +R, +R,+..+ R, @D
h h hn n

R=zp —+p,—2+..+p — = h =T 2

pl 1X1 p2 1)(1 pn 1)(1 lzpl I (1 )

The symbol T is used instead of R to indicate that resistance is measured in a direction
transverse to the bedding and also because thensiiomeof the unit resistance in usually
expressed in Ohm-hinstead of ohm. If the current flows parallel ke tbedding, the layers in
the column will behave as resistors connected alighand the conductance will be

szl -t,1,1, .1 €3
R R, R, R
OrS=1xhl , 1xh, +...+1Xh” :i+&+...+& 14
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The dimensions of the longitudinal unit conductaace m/Ohm-m = 1/ohm = mho (siemens). It

is interesting to note that the quanfty=— = og,h,, where g, is analogues to transmissivity T
t

= Kib; used in ground water hydrology, wésés the hydraulic conductivity of th& layer andb;

is its thickness. The parameters T and S are tlae Zarrouk” parameters [14].

In the interpretation of multilayered electricausding curves obtained in the area as shown in
Fig 5, the evaluation of S and T is sometimeslalt tan be determined uniquely. The study of
the parameters are integral part of the analysmlextrical sounding data and also the basis of
important graphical procedures for interpretatibelectrical sounding curves [14].

For this study, the secondary parameters are eaxlifor the first four layers that the maximum

current penetration identifies their resistiviteesd thicknesses. For the fifth layer which has only
resistivity but undefined thickness, calculationsafcondary parameters was not possible. To
calculate the values of the secondary parameteth@faquifers, the average value of the

resistivities and thickness were used for eacthefidyers since it is not possible to have unique
value of resistivity and thickness for the aquifesdayer due to inhomogeneity and facies
changes [15].

The average values of the primary parameters ih eé¢he layers were used to evaluate the
secondary parameters as shown in table 1.

Tablel: Aquifer secondary parameter obtained from average value of primary parameters
of each of theaquiferouslayers

Aquiferous 0 ﬁ(m) S=hpX10%| T=hp |p.=his| p.=T/h | A = (p/p)*? | Inferred Lithology
layer number @m) (mho) (Qmd) (Qm) | (Qm)
1 2031 | 1.22 0.6 2477.8 20333 2031 0.999 mediuingpiesand
2 2253 | 8.30 3.7 18716.5 2243|2 225b 1.003 Coarse sa
3 4142 | 18.28 4.4 75715.7 41546 414p 0.998 Veryseosand
4 5620 | 42.56 7.6 2391872 5600.0 5620 1.002 Same st

For the four layers the determination of primaryrgmaeters was possible, longitudinal
conductanceS is 0.0163 mho and the total transverse resistanie 336097.28Qm?. The
average longitudinal resistivityy is 14031.09Qm; the average transverse resistivgyis
14048m and the anisotropy of the layers which theor#tiches between 1 and 2 is
approximately 1 as shown in the last column oftéide for each of the aquiferous layers.

RESULTSAND DISCUSSION

In this work, the primary parameters which aresteaty and thickness of layers of aquiferous
sandy units have been evaluated and compared tdrithel well data as shown in Fig 6. The
secondary parameters in table | have been evaluatedrrelation of the experimental result of
resistivity has shown goodness of fit with the bbode data (Fig. 6). This enhances reliability
and validity of the secondary parameters most esiheche coefficient of anisotropy. The
coefficients of anisotropy approximate to unityicating that the aquiferous layers are all sandy
formations with no intrusives, diapir or odd formeats that would have made remarkable
variations in the transverse and longitudinal testes. Fig. 7 obtained using data in Table 1
shows that coefficient of anisotropy is fairly ctarg with approximately a magnitude of unity.
This indicates that there is no variation in trensiverse and longitudinal direction of the sandy
aquiferous formations in the study area.
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Table 1 shows that layers 2,3 and 4 within the maxn electrodes assessed are potentially
viable for ground water supply judging from thagrsficant sizeable thicknesses and transverse
resistances. Besides, the AKHA, KHA and HKHA cutypes represented as a model curve in
Fig 5 which are fairly distributed in the study arbave good prospects for ground water
potential due to low resistivities obtained fromaHd K curve types. Thus H and K curve types
can translate into saturated sand beds of signtfigiald of water well [16].
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Fig. 6: Correlations of the borehole data withiearby VES data
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Fig.7: A graph of coefficient of Anisotropy against saturated layer number

According to theory, anisotropy or pseudo-anisotrigpusually 1 or 2 (i.e 2 A < 2) [17]. The
coefficient is 1 when the layer is isotropic andyrater than 1 when the layer is anisotropic the
approximate coefficient of 1 obtained for all theeydrs shows that aquiferous zones are all
isotropic and has no directional variation in trarse resistivity with respect to longitudinal
resistivity, generally, all the layers in the amarveyed align horizontally with variations in
thicknesses caused by changes in facies and Igitolmompositions. The static water levels
(SWL) of boreholes used for correlation are gemersthallow. This is an indication that the
water table is very close to the surface and mayesimes be contaminated with surface flows.
The horizontally flat layering of the stacked cksgnd sequence has minor hydraulic gradients.
The horizontal uniformity and longitudinal arrangams of porous and impermeable clay and
porous and permeable coarse sends is the reflectidine unity values of the coefficient of
anisotropy. Again, the synergistic effect of theibontally arranged sandy, units as multilayered
aquifers also gives rise to the aquifer systemghatvs anisotropy of unit coefficient.

CONCLUSION

This study shows that parts of southétkanafunLocal Government Area investigated have
mainly Continental Plain sands that constitutepgheductive shallow aquifers. The horizontally
aligned clay-sand sequence shows little or no tiana in transverse resistance with respect to
the longitudinal conductance and this result inuhéy of coefficient of anisotropy or pseudo-
anisotropy. The shallow nature of the water talleoerages the casing of boreholes at depths
corresponding to exploitation of water from thetfitwo aquifers which may be contaminated by
surface impurities. The formations identified afkesandy and this gives rise to the isotropic
nature of the aquiferous units. This study alsaov#isr on evaluating the secondary aquifer
parameters such as transverse resistance, longitudonductance, transverse resistivity and
longitudinal resistivity from primary aquifer paraters which are resistivity and thickness.
Although water quality test is needed to ascertiamlevel of purity or contamination of water,
the entire area with isotropic sandy units has goadpects for groundwater that can be tapped
in boreholes and open wells at shallow depths. driy of the coefficients of anisotropy also
indicates the absence of intrusives, diapirs ahdrantrusions of ‘foreign’ formation of longer
wavelengths into the sedimentary formations whigleragely have shorter wavelength and
higher frequencies sources.
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