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A Vertical Electrical resistivity Sounding (VES) survey was carried out, to study the geoelectric
and hydroelectric parameters of aquifer in some locations in Part of Akwa Ibom State. A total of
six (6) geoelectric soundings were acquired. The lithology of the aquifer layer can be said to
compose of fine to gravelly sand, with sand and clay intercalation. The low resistivity values
across most of the geoelectric layers can be attributed to conductive argillaceous geomaterials.
Underlying aquiferous layer is likely unprotected from the surface contamination flow due to the
fact that the protective capacity of most part of the study area is good as shown by this study.
Contour maps generated using the results from the study shows bulk aquifer resistivity and
water resistivity values, the formation factor calculated ranges from 2.3-50.45. Porosity ranges
from 8.68-48.27% and hydraulic conductivity ranges from 0.671 m/day? from estimates. Porosity
values obtained confirms that aquifer in the study area consist mainly of sandstone. It is also
revealed that, areas with low resistivity have high porosity and the storativity as observed in the

Accepted on: 22" August, 2017

extreme south and central parts of the study area.
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INTRODUCTION

The discontinuous nature of the aquifer system
makes detailed knowledge of the subsurface
geology, its weathering depth and structural
disposition through geologic and geophysical
investigations difficult. According to Oluorunfemi
and Fasuyi (1993) and Edet and Okereke (1997)
weathering is an important factor that determines
the presence of porosity and permeability.

Some researchers have used different
techniques to estimate the spatial distribution of

aquifer parameters such as hydraulic conductivity,
transmissivity and aquifer depth (Allen et al.,
1997). The hydraulic characteristics of
subsurface aquifers are important properties for
both groundwater and contaminated land
assessments and also for safe construction of
civil engineering structures. Groundwater
recharge is dependent on rainfall, high porosity
and connectivity of the aquiferous layers as such
the amount of groundwater in a formation is a
function of porosity. The number of pores and
crevices in a soil and rock and how well they are
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connected determines how easily groundwater
moves through the ground and how much
groundwater comes from a particular layer. Since
groundwater has to move between pores and
crevices in soil and rock, it moves much more
slowly than surface water. The aquifer’s electrical
resistivity is mainly influenced by porosity and fluid
resistivity in pores and the geoelectrical data
recorded on the surface contain useful information
about the aquifer which can be interpreted by
experienced geophysicists for hydrogeological
studies (Niwas and Celik, 2012).

The problem of estimating rock, fluid and
hydraulic properties becomes more important as
hydrologists are asked to solve problems related
to groundwater flow in rock materials about which
little is known (Jorgensen, 1989). Hydraulic and
electric conductivities are dependent on each
other since the mechanisms of fluid flow and
electric current conduction through porous media
are governed by the same physical parameters
and lithological attributes. The poor knowledge of
the geometry and nature of the aquifers have
posed problem to groundwater exploitation as
many boreholes have been drilled without any
knowledge of the hydrogeophysical
characteristics and distribution of aquifers in the
Study area.

Transmissivities, formation factors and
hydraulic conductivity can be estimated in a
porous media using empirical/semi empirical
correlation often using simple linear relations
(Kelly, 1977; Heigold et al., 1979; Schimschal,
1981; Urish, 1981; Chen et al., 2001; and Laouini
et al., 2017). The physical condition controlling
the electric current flow also controls the flow of
water in a porous media. Groundwater flow in
fractured aquifers is very complicated, and
accuracy in estimation of the hydraulic

parameters depends on the hydraulic behavior
in particular fractures, which is site specific
(Singh, 2005). The choice of VES for the study is
based on the fact that the electrical resistivity of
most rocks depends on the amount of water in
their pores, it also depends on the distribution of
these pores and the salinity of the water (Todd,
2004). Also, the variation of conductivity within the
earth’s subsurface layers affects the distribution
of electric potential. The degree of this effect
depends on the size, shape, location and bulk
electrical resistivity of the subsurface layers. The
bulk electrical resistivity depends on the
mineralogy of the rocks and it's containing fluids
(Lowrie, 1997). This study is aimed at using the
Schlumberger electrode configuration method to
define the aquifer geometry and to model the
variation of electric and hydraulic parameters in
the study area.

The study was carried out in Akwa Ibom State
in Nigeria, the state lies between Latitude 4°30!
and 5°30'N and Longitude 7°50' and 8°20'E
having a land area of 7249 Km? and a population
of 5,272,029 people. Itis bounded on the East by
Cross River State, on the West by Rivers State,
on the North by Abia State and on the South by
the Atlantic Ocean. It has a shoreline 129 km and
encompasses the Qua Iboe River Basin and the
Eastern half of the Imo River Estuary. The region
is flat and low-lying, exhibiting three major
physiographic units which can be identified from
the terrain. These are the alluvial plains
(mangrove and flood plains), the beach ridge
sands and the rolling sandy plains.

The alluvial plain comprises mangrove
swamps and fresh water flood plains. The
mangrove swamp, which are drained by tidal
brackish water, are found in the estuaries of Imo
River, Uta Ewa (Jaja), Shooter and Qua Iboe
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Creeks and along the coastal fringes, separating
the beach ridge sands from the upland coastal
sandy plains. The fresh water flood plains are
formed by the upper reaches of Imo River and a
large network of creeks, the major ones being
Essene, Uta Ewa (Jaja), Shooter and Qua Iboe
Creeks.

The geological formations in the area consist
of the Quaternary sedimentary deposits, and the
Tertiary Coastal Plain Sands, generally referred
to as Calabar Formation. The Quaternary
sediments give rise to alluvial plains as well as
the beach ridge sands. The alluvial plains include
the mangrove mudflats, which are under the
influence of tidal brackish waters along the coast
and in the estuaries of rivers and creeks, and the
fresh water flood plains and swamps which form
the wetland environments found along the upper
reaches of rivers, creeks, tributaries and meander
belts. The beach ridge sands form some raised
portion of land between the mangrove swamps
and the shoreline. The mangrove mudflats contain
strata of mixed inorganic matters and plant debris.
The soils are deep, have loamy sand to sandy
loam surface over clay loam to sandy clay
subsoil. They have good physical attributes for
seedbed preparation, but because of their sandy
nature, they are fragile and highly susceptible to
erosion. The study area is that of humid tropic
with the temperature range of 26 °C and 28 °C,
while the mean annual rainfall lies between 2,000-
4,000 mm. The rainy season lasts from April to
November and is characterized by high relative
humidity and heavy cloud covers.

METHODOLOGY

Geoelectric Parameters

The relationship between the hydraulic
conductivity (K) and geoelectrical resistivity (p)

of an aquifer is strongly controlled by the nature
of the aquifer substratum (Niwas and Singhal,
1985; and Niwas and de Lima, 2003). For a highly
resistive substratum, both the current and the
hydraulic flows are dominantly horizontal in a
typical unit column of the aquifer, and the
relationship between K and p, is inverse. If the
substratum is highly conductive, the hydraulic flow
will still be horizontal while the current flow in a
characteristic unit column is dominantly vertical;
thus, a direct relation exists between K and p. If
the aquifer material is cut in the form of a vertical
prism of the unit cross-section from top to bottom,
fluid flow and current flow in the aquifer material
obeys Darcy’s law and Ohm'’s law respectively.
Thus, for current and fluid flows in a lateral
direction, the transmissivity of the aquifer is given
as:

T=(Kr)s (1)

where r is the bulk resistivity and S given by %
is the longitudinal unit conductance of the aquifer
material with thickness h.

For hydraulic conductivity K, we have
(2)

For a lateral hydraulic flow and current flowing
transversely, the transmissivity of the aquifer
becomes:

(5%

where R is the transverse unit resistance of the
aquifer material given by hr . If the aquifer is
saturated with water with uniform resistivity, then

K =8x10°e ="

(3)

the product Kr or l%pwould remain constant.

Thus, the transmissivity of an aquifer is
proportional to the longitudinal conductance for a
highly resistive basement where electrical current
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tends to flow horizontally, and proportional to the
transverse resistance for a highly conductive
basement where electrical current tends to flow
vertically (Sir Niwas et al., 2011). The above
equations may therefore be written as:

The intrinsic formation factor (F) combines all
properties of the material influencing electrical
current flow like porosity u, pore shape, and
digenetic cementation.

F =axf™ ..(7)
T=aS;a=Kr (4
Different definitions for the material constant
and . .

(m) are used like porosity exponent, shape factor,
b =K and cementation degree. Factors influencing (m)

T =DbR; —% -+(5) ,
are, e.g., the geometry of pores, the compaction,

where b and a are constants of proportionality.
From these relations, the model resistivity values
obtained from the inversion process were used
to estimate the longitudinal unit conductance and
transverse unit resistance of the aquifer unit.

Hydroelectric Parameters

Since the electrical resistivity of most minerals is
high (exception: saturated clay, metal ores, and
graphite), the electrical current flows mainly
through the pore water. According to the famous
Archie law (Archie,1942), the resistivity of water
saturated clay-free material can be described as

R, =R,xF .(6)
where R = specific resistivity of water saturated
sand, R = specific resistivity of pore water, F,=
intrinsic formation factor.

the mineral composition, and the insolating
properties of cementation. The constant (a) is
associated with the medium and its value in many
cases departs from the commonly assumed
value of one. The quantities (a) and (m) have been
reported to vary widely for different formations.
The reported ranges are exemplified in Table 1,
which is based upon separate compilations of
different investigators.

Equation (6) is called Archie’s first law, where
it is valid only in fully saturated clean formations
(the grains are perfect insulators).

When the medium is not fully saturated, water
saturation plays an important role, where the
changing in degree of saturation changes the
effective porosity (accessible pore space), the
eqguation became Archie’s second law.

Table 1a: Aquifer Geoelectrical Parameters
VES Res(\:;:)vity Thi((:rI;;less Cg:g[ﬁtjil\l/iiy C’;ﬁgiﬂ'\ﬁy Transgwissivity ég:gg;‘i:i LZ?::;:S Long.itu.di.nal Trar.IS\/.er.se
(ms) (m/da yz) (m*/day) @-1) (wm) Resistivity | Resistivity
1 411 6.36 7.95E-06 0.687516767 | 4.372606638 | 1.547445255 | 26.1396 411 411
2 6.79 5.79 7.92E-06 0.670852176 | 3.884234098 | 0.852724595 | 39.3141 6.79 6.79
3 111 179 7.89E-06 0.667103902 1194115984 | 0.161261261 19.869 111 111
4 0.506 172 7.99E-06 0.676354947 | 1.163330509 | 3.399209486 | 0.87032 0.506 0.506
5 552 10 7.94E-06 0.671960667 6.719606675 | 1.811594203 55.2 552 552
6 241 10.2 7.97E-06 0.674682904 | 6.881765618 | 4.232365145 24.582 241 241
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Table 1b: Aquifer Geoelectrical Parameters
VES 1 Anisatr opy Pr otective Capacity Soil Corrosivity Transmissivity Designation
1 1 Good Very Strongly Corrosive Low
2 Good Very Strongly Corrosive Low
3 1 Weak Moderately Corrosive Low
4 1 Good Very Strongly Corrosive Low
5 1 Good Very Strongly Corrosive Low
6 1 Good Very Strongly Corrosive Low
F - & _af s @ generally low due to the low porosity, which
R, ranges from 8% to 48% (Table 1). The

where R is the formation resistivity, R is the pore
water resistivity, T is the porosity, S is the water
saturation, a and m are constants related to the
rock type, and n is the saturation index (usually
equals 2).

Many studies concluded that Archie’s law
breaks down in three cases: (1) clay
contaminated aquifer (Vinegar and Waxman,
1984; and Worthington, 1993), (2) partially
saturated aquifer (Borneretal, 1996; and Martys,
1999), and (3) freshwater aquifer (Alger, 1966;
and Huntley, 1987).

underlying aquiferous layer is unprotected from
the surface contamination flow due to the fact
that the protective capacity of most part of the
study area is good. The aquifer resistivity
increases from northeast towards the south-
western part of the study area as shown in

Figure 1: 2D Map Showing the Aquifer
Porosity

RESULTS AND DISCUSSION

80% of the aquifers in the study area have good
protective capacity and are strongly corrosive.
Aquifers Transmissivity in the study area are

Table 2: Aquifer Hydroelectrical Parameters J,
VES 1| Resistivitywm) | Rw F Por osity % [
1 411 0.22 18.68182 | 15.07710927
2 6.79 022 | 3086364 | 11.40752534 Figure 2: 2D Map showing the Aquifer
3 111 022 | 5045455 | 8681731067 Resistivity
4 0.506 0.22 2.3 4827276116 :
Aquifer resistivity
5 552 022 | 2500001 | 1279831928 g
6 241 022 | 1095455 | 2028194621 £
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Figure 3: Aquifer Points Distribution
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Figure 4: Aquifer Geoelectrical and Hydrogeological Parameters
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Figure 3. Places west of the study have high
aquifer resistivity and can be said to have low
conductive materials. High to moderate
groundwater potential can be obtained from the
area based on the aquifer thickness.

Longitudinal conductance and transverse
resistance of the study area were also
computed using the aquifer geoelectric
parameters. The result shows that most parts
of the study area have unprotected aquifer as
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Figure 5: Porosity Against Resistivity Figure 8: Porosity Against Hydraulic
of the Aquifer Conductivity of the Aquifer
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shown by the good longitudinal conductance. the study area is separated by clay intercalations
The low longitudinal conductance across the (conductive substratum) characterized with high
aquifers in study area indicates that aquifers in Formation Factor and hydraulic conductivity.
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CONCLUSION

The study area shows the following curve types:
HAA, KHKH, KHK and HKH. Groundwater
potential of the area is high to moderate; the
longitudinal conductance and transverse
resistance (hydraulic parameters) were estimated
from the geoelectric parameters. The longitudinal
conductance shows that the area is vulnerable
to contamination due to high permeability in the
aquiferous layer, while the transverse resistance
indicates high transmissivity and yield occasioned
by the presence of impervious clay substratum.
Values of Geoelectric and Hydroelectric
parameters are presented in Table 1a, 1b and 2
respectively.

The calculated hydraulic conductivity was
plotted against aquifer resistivity, where an inverse
relationship was obtained between the two
variables (Figure 6). The relationship between
Porosity and hydraulic conductivity; Transverse
Resistance and Transmissivity; Longitudinal
Conductance and Transmissivity are all direct
relationships as seen in Figures 8, 9 and 10
respectively.

The relationship between Porosity and the
Resistivity in the aquifer is given as ¢ =-3.10p +
35.10.

The variation of aquifer water resistivity is
directly proportional to that of aquifer bulk
resistivity. A decrease of the formation factor is
observed with increasing aquifer bulk water
resistivity. The range of porosity in the study area
(Table 1) revealed the study area as sandstone,
the mean value being 19.24%. Hydraulic
conductivity increases in a north-south direction
as shown on the contour map. The hydraulic
conductivity controls the behavior of groundwater
flow within an aquifer. It is observed from this study

that, increase in resistivity lowers the hydraulic
conductivity of the aquifer geomaterials.
According to the present study, the relation
between hydraulic conductivity and formation
resistivity in the study area is generally a non-
linear relation.
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