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Abstract—Hydrological estimates were derived
from Geophysical Parameters in order to ascertain
the proficiency of the Aquifers within the Study
Area. Schlumberger surveys were carried out with
Electrode Spread (AB=500m) with resultant AK
Model Curve. Dar Zarrouk parameters were
extracted from the geoelectric data, and converted
to relevant hydrological properties. The study
reveals high prolific aquiferrous zones with
Resisitivity > 1000o0hm-m  and  Modelled
Transmissivity values of 662.7m?/day -
2042.5m?/day, which can be describes as Class |
and Il Magnitude. Also, Calculated Longitudinal
Conductance shows value of less than 0.1,
depicting that the aquifer will be vulnerable to
contamination.

Keywords—Transmissivity, hydraulic
Conductivity Aquifer, Dar Zarrouk, Niger Delta,
Resistivity, Hydrology.

I. INTRODUCTION

In Ground water exploration/production practice,
Geophysical Survey of the subsurface rock materials
are usually carried out to determine the Water bearing
potentials of the proposed site, to assess the viability
of the project in the given site by acquiring
Hydrogeological information necessary for a
productive borehole construction/installation. Some of
the vital information to be obtained from the survey
includes, viability of the project at the chosen site,
estimated drill depth, type of Geological formations
(subsurface materials) to be encountered, Saline
Water- Fresh Water interface.

Estimates of relevant hydrological properties,
Transmissivity and hydraulic ~ Conductivity are
derived from the Geophysical parameters. Thus,
enhancing the chances for locating zones of high
quality water saturated layers (aquifer). Adequate
knowledge of these Hydrological properties is
essential for proper design and construction of the
water borehole. Resistivity measurements were
performed at the following predetermined locations at
Etche, Rivers State.

Il. SITE DESCRIPTION AND HYDROGEOLOGY.

Geologically, the site is underlain by the Coastal
Plain sands, which in this area is overlain by soft-firm

silty clay sediments belonging to the Pleistocenic
Formation. The general geology of the area
essentially reflects the influence of movements of
rivers, in the Niger delta. In broad terms, the area
may be considered Dry flat Country. (short and
Stauble, 1967). The Niger Delta consists of three
distinct Lithological Formation , the Akata formation ,
Agbada formation and the Benin formation. The
Akata Formation consist of Marine shale . The
Agbada formation consists of alternate Layers of
Sand Stone and Shale. The Benin formation
consists of sands, clay, Peat and some Granular
materials. The Coastal Plain slopes gradually from
an elevation of 240m to 15m above mean sea
level and is largely caused by rain forest. The
aquifer has a south west gradient towards the
Delta and is thickened seawards in the same
direction of ground water movement. The Study
area is situated in the Coastal Plain region,
quaternary in Age. The Zone is made of Coarse to
Medium sand, with Silty and Clay Lenses. Within
the Project area, groundwater is abstracted from
the Benin formation , mainly in its upper section.
(<300m).The aquifer at shallow depth(>10m) are
unconfined  while the deeper aquifers are
confined and isolated from the ground surface
and the natural recharge comes Northern high
Coastal Plain..

The Upper unconfined aquifer varies from
15m to nearly 100m . the middle semi confined
aquifer consists of medium to coarse grained
sands with clay lenses and fine clayey
sands(100m-200m). The Lower Aquifer extends
from 200m -300m

The study area, depicts an annual rainfall of
2500mm, while the average specific yield of the
aquifer in these areas is 10,500liter/hr/m and
the Transmissivity is >100m?/day (offodile, 2013).
Okiongbo, et al (2012), stated Transmissivity values
range, from 1634.0 m?/day to 5292.0 m?/day within
yenagoa, part of Niger Delta. These values are
typical of an unconsolidated fine-medium-coarse
sand.
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Fig. 2. Schlumberger Array Configuration

3. LITERATURE /METHODS

The geophysical method applied in this survey, is
the resistivity method, which measures the apparent
resistivity of the subsurface, including effects of any or
all of the following: soil type, bedrock fractures,
contaminants and ground water. Variations in
electrical resistivity may indicate changes in
composition, layer thickness or contaminant levels.

Soil electrical resistivity indicates the relative
capacity of the soil to carry electrical current and is a
main indicator in determining the permeability of the
soil thereby predicting its water bearing capacity. Itis
therefore the most important parameters taken into
account in groundwater Survey.

3.1 BASIC PRINCIPLES OF RESISTIVITY (DC)
METHOD:

Resistivity is measured by passing a current of
known value in the ground by means of two
electrodes (A, B) and measuring potential difference
between two intermediate points in the ground using
another two electrodes (M, N). As the electrode

Fig. 1. Site Location

spread (A, B) increases, depth of probe increases,
thereby, giving a vertical electrical sounding, VES.

The equivalent soil resistivity, pa , is calculated using
the relevant formula (derive from ohms law):

AV
=——(AB-MN )JAB + MN
pa= s ( XAB + MN )

Where, AV = voltage
| = current
pa=apparent resistivity

An aquifer can be characterized by its
Transmissivity, its quantitative expression of the
productivity of an aquifer and Coefficient of
Storage, which determines its storage capacity
(Offodile, 2013). The combination of thickness and
resistivity into single, variables otherwise known as
Dar Zarrouk parameters can be used as a basis for
the evaluation of aquifer properties (Niwas and
Singhal, 1981).The Dar Zarrouk parameters consists
of the Transverse Resistance (Rrt) and Longitudinal
Conductance (Lc). For a horizontal, homogeneous,
and isotropic layer, the Transverse Resistance Rt
(Qm?) is defined as:

Rr=ph 1)
and the Longitudinal Conductance Lc (mho) is defined
as:

Lc= hip (2

where h is the thickness of the layer (in metres) and
p is the electrical resistivity of the layer in ohm-metres.
But aquifer Transmissivity (T) is expressed as:

WWW.jmess.org

JMESSP13420250

1221


http://www.jmess.org/

Journal of Multidisciplinary Engineering Science Studies (JMESS)
ISSN: 2458-925X
Vol. 2 Issue 12, December - 2016

T = kh ©)

where k is the Hydraulic Conductivity (m/day).
These relationship helps us infer the
Transmissivity and Coefficient of Storage. loannis
et al, proposed the following equation for k

k(10™*m/s) = 2.12f — 1.59 4)

Values of f, formation factor, which is
dependent on the aquifer, (Raghunath, 2007 ) can
be deduced from wyllie’s relations , based on
porosity value of 19.3 and cementation factor

T = kRo )

Where o = conductivity,R =
Transverse Resistivity and K =
Hydrualic Conductivity

4. RESULTS OF GEOTECHNICAL STUDIES
Raw field data was transferred to computer on
completion of Field Work, A forward modelling

subroutine was used to calculate the apparent

of 3 within the study area (Alaminokuoma, et al, resistivity (pa) values, and a non-linear least-squares
2015). Amos-Uhegbu, et al. (20014 ), stated Lo . . :
formation  factor, f , of 2.61 within the Benin optimisation technique was used for the inversion
formation around Amizi area, Southern Nigeria, routine.
within depth less than 200m.
Niwas and Singhal (1981), proposed a
relationship between Transverse Resistance, R or
longitudinal conductance and T
TABLE 1. Field Data for Point 1
AB/2 (m) MN (m) Resistivity, ohm-m
1 0.6 503.221476
15 0.6 690.938914
2 0.6 897.050277
25 0.6 1021.65912
35 1 1628.77452
5 1 1998.89197
6 1 2147.88717
8 2 244259234
10 2 2579.14325
15 3 2604.36954
20 3 3033.03865
30 10 3224.60338
40 10 3315.44836
50 10 3257.10559
60 15 3291.49978
70 15 3198.71408
100 20 2806.05551
120 30 2668.07747
150 30 2655.82464
200 30 2200.95652
200 50 1775.06359
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TABLE 2. Field Data for Point 2

AB/2 (m) MN (m) Resistivity, ohm-m
1 0.6 2074.28191
15 0.6 2350.63289
2 0.6 2570.7034
25 0.6 2559.86026
35 1 3127.71506
5 1 3376.0484
6 1 3235.39116
8 2 3528.26807
10 2 3351.78578
15 3 3315.55505
20 3 3479.00419
30 10 4297.8593
40 10 4803.57899
50 10 4692.82805
60 15 4717.60641
70 15 4365.12104
100 20 3710.95342
120 30 3370.98633
150 30 2716.90863
200 30 2272.60376
200 50 2671.58383
250 50 2139.96024
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Fig. 3. Showing Data and Model Curve
TABLE 3. Geolectric Results for Point 1

Layer | Resistivity | Thickness Depth | Longitudinal Transverse | Lithology

(ohm-my) (m) (m) Conductance Resistance

(Siemens) (ohm-m?)
1 230.3 0.555 0.555 0.00241 127.8 Sandy
2 8382.5 2.03 2.03 2.426E-04 17045.1 Sandy
3 1131.2 5.2 7.79 0.0046 58888 Sandy
4 4535.6 19.46 27.25 0.00429 88270.7 Sandy
5 1578.9 725 100 0.04592 114470.25 Sandy
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Fig 4: Showing Data and Model Curve

TABLE 4. Geolectric Results for Point 2

Layer | Resistivity | Thickness Depth Longitudinal Transverse | Lithology
(0hm-my) (m) (m) Conductance Resistance
(Siemens) (ohm-m?)
1 22425 0.908 0.908 4.05 E-04 2037.3 Sandy
2 4750.5 5.27 6.17 0.00111 25039.9 Sandy
3 2373.2 5.58 11.76 0.00235 13249.7 Sandy
4 9841.4 28.12 39.88 0.00286 276742.9 Sandy
5 1640.2 60* 100* 0.03659 98412 Sandy
* Extracted Thickness from the Smooth Curve
TABLE 5. Aquifer Properties, Point 1
Aquifer/layer Resistivity Transverse Hydra}u!ic Transmissivity
(ohm-m) (Roisrlns_trirzu):e Conduitlwty (m2/day)
(10%m/s
4535.6 88270.7 3.94 662.7
1578.9 114470.25 3.94 2468.2
TABLE 6. Aquifer Properties, Point 2
Aquifer/layer Resistivity Transverse Hydraulic Transmissivity
(ohm-m) Resistance Conductivity (m2/day)
(ohm-m?) (10m/s
9841.4 276742.9 3.94 957.25
1640.2 98412 3.94 2042.5
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5. DISCUSSION

The surveys (point 1 and 2) has an AB (C1, C2)
=500m with Sounding Depth of > 100m, . The
geoelectrical Curves shown in fig 4 and 5, are five
layers AK  model and are mainly sandy
formations . The Curves obtained within this
area of study shows little variation, with layer 1
to 3 depicting Porous and Permeable
characteristics but with low thickness, while Layer
4 and 5 can be regarded as the main aquifer,

due to its high resistivity(>10000hm-m) values
and thickness. Dar Zarrouk Parameter |,
Transverse Resistance shows high  values,

indicative of a thick, prolific aquiferous zone and
the absence of clay content. Modelled
Transmissivity values of 662.7m?%day -
2042.5m?/day for layer 4 and 5, characterizes
the aquifer within these layers as class Il to |
(Jirri, 1993). This indicates that groundwater
withdrawal potential will be high and is of
regional importance. The fourth Layers with
resistivity value of .>4000 ohm-m indicates a
Permeable and Porous Aquifer . But the
smooth model indicates that a quality aquifer
can delineated from a depth of 80m down,
within the fifth layer.

Longitudinal Conductance indidates, Sthad the
Overburden Protective capacity is Poor  within
the area of study as shown in the table,
with values less than 0.1. This implies that the
aquifer is vulnerable to contamination. This is
as a result of the absence of clay mineral in
the formation, which is responsible for high
conductivity.

6. CONCLUSION

The area is characterized by a thick and prolific
aquiferous zone as indicated by Transmissivity
values, which shows a Class Il and | type . This is
due to the composition of the aquifer zone, which
consists of unconsolidated medium to coarse grained
sands and gravel. Also the Transmissivity values
are consistent with values proposed by other
authors within the study area and also reflects

the high productivity of groundwater in the study
Area.

It is recommended that drill depth should be done
within the fifth layer from depths of 80m down .
Little or No treatment be required
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