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ABSTRACT: This work evaluated the Dar Zarrouk parameters of parts of Federal University of Petroleum Resources,
Effurun, Nigeria. The aim of the study is to use Dar Zarrouk parameters to determine the groundwater quality and
potentials of the study area. Four (4) Vertical Electrical Sounding (VES) were conducted with maximum electrode spacing
0f 200 m. The data was acquired using ABEM SAS 4000 Terrameter and processed using IPI2win and Interpex softwares.
The Dar Zarrouk parameters evaluated in this work include Longitudinal Conductance (S), Transverse Resistance (T),
Coefficient of Electrical Anisotropy (), Resistivity for the Formation (p,,), Reflection Coefficient (Rc) and Resistivity
Contrast (Fc). Results obtained in this work showered that the study area revealed five (5) geologic layers. Resistivity of
the aquifer layer ranged from 364.55 p,, (layer 4, VES 3) to 567.66 p,, (layer 4, VES 4). Depths to aquifer level for the
study area are 15.06 m (VES 1), 14.31 m (VES 2), 12.15 m (VES 3) and 13.79 m (VES 4). All the four VESs showed a
poorly protected aquifer of the study area. The Dar Zarrouk parameters evaluated showed that the study area has good
groundwater potentials with values of Reflection Coefficient ranging from 0.87 to 0.97, Resistivity Contrast values ranged

from 13.78 t0 71.59 while that of Coefficient of Anisotropy ranged from 1.39 to 2.01.
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Groundwater exploration is gaining more and more
importance in Nigeria owning to the ever increasing
demand for water supplies, especially in areas with
inadequate surface water supplies. Already, ten
percent of the world’s population is affected by
chronic water scarcity and this is likely to rise to one-
third by about 2025 (Coker, 2012). High increases in
industrial development, urbanization and agricultural
production have resulted in freshwater shortages in
many parts of the world. As a result of this increasing
demand for portable water for these various purposes,
there is need to have a planned and optimal utilization
of water resources. Aquifer parameter is necessary for
the management of groundwater resource. The
parameters necessary for the description of the
dynamics of aquifer, include, geometry of the pore
space, geometry of the rock particles, secondary
geologic processes such as faulting and folding and
secondary deposition These parameters jointly affect
the rate and pattern of groundwater flow (Udoinyang
and Igboekwu, 2012). Dar Zarrouk and other
geoelectric parameters can be used to recognize and
differentiate areas of fresh groundwater aquifers from
those of saline groundwater. Water can move through
soil as saturated flow, unsaturated flow, or fluid flow
(Chandra et al., 2008; Ghassen et al., 2017). Hydraulic

conductivity is one of the hydraulic properties of the
soil which can be used to determine the behaviour of
the soil fluid within the soil system under specified
conditions. Hydraulic conductivity determines the
ability of the soil fluid to flow through the soil matrix
system under a specified hydraulic gradient (Frohlic et
al., 1996). Physical characteristics of aquifers such as
hydraulic conductivity and transmissivity that control
groundwater flow and transport are very important
properties and are usually estimated for groundwater
flow model calibration. These parameters are also
important properties for the assessment of
contaminated land, and for safe construction of civil
engineering structures (Okiongbo and Oborie, 2015).

Study Area: The study area which is within the
College of Science of the Federal University of
Petroleum Resources, Effurun, Delta State, Nigeria is
in the Niger Delta basin. The basin is made up of three
formations, namely the Benin, Agbada and Akata
Formations, from the youngest to oldest. The Benin
Formation conformably overlies the Agbada
Formation. Its lithologic composition is 90% sand and
about 10% clay and lignite bed. The sands range in
size from gravelly, coarse-to fine-grained. It has
numerous prolific aquifers. The Agbada Formation
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conformably overlies the Akata Formation in the
subsurface. It is a parallic sequence of alternating shale
and sands. The Akata Formation, also known as
marine shale is composed of shale, silts, clay and
turbidity sand at the base of the Delta sequence
(Iserhien-Emekeme et al., 2017).

Figures 1 shows the contour map of the study area
while figure 2 shows the 3D surface map of the surface
area. The two figures reveal that the study area is
slightly undulated. The elevation of the study area
ranges from 9 mto 12 m. VES 1 was taking at location
which was 10 m above sea level, VES 2 was taking at
location which was 9 m above sea level, VES 3 was
taking at location which was 11 m above sea level
while VES 4 was taking at location which was 12 m
above sea level.
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Fig 1: Contour Map of the Study Area
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Fig 2: 3D Surface Map of the Study Area

Figures 1 and 2 also showed that the study area was
within Latitude N05° 34” 18.0” and N 05° 34° 19.0”
and longitude E 005° 50° 24.0” and E 005° 50° 24.6”.
VES 1 was taking at location N 05° 34’ 18.0” and E
005° 50’ 24.5”, VES 2 was at taking at location N 05°
34’ 18.0” and E 005°50° 24.0”, VES 3 was taking at
location N 05° 34> 18.0” and E 005° 50’ 24.6” while
VES 4 was taking at location N 05° 34> 19.0” and E
005°50° 24.6”.
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MATERIALS AND METHOD

Four Vertical Electrical Sounding were carried out in
the study area using the Schlumberger array with a
maximum current electrode spacing (AB) of 200 m
with the ABEM SAS 1000 Terrameter Resistivity
Meter. The positions and surface elevations of the
VES locations were also recorded with a GPS receiver.
For the Schlumberger array used in this work reading
of resistance R of the volume of earth material within
the electrical space of the electrode configuration was
obtained. The product of geometric factor K and R was
then made to obtain the apparent resistivity (p,) of the
said earth material using equations 1 and 2. Figure 1
shows the Schlumberger Array of Vertical Electrical
Sounding used in this work.
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Fig 3: Schlumberger Array of Vertical Electrical Sounding

RESULTS AND DISCUSSION

The results of this study are presented as sounding
curves and geoelectric sections. The electrical
resistivity curves obtained showed five layers for the
study area. The four VES showed curve types KQH,
KQH, KQH and KHA type curves respectively
(Figures 4 — 7). The VES curves for the four soundings
were shown in figures 4 to 7, while a protective
capacity map of the area was generated from the
longitudinal conductance values with the aid of
SURFER 8 (2002) Terrain and 3D Surface modeling
software as shown in Figures 8 and 9. In all, a total of
4 VES locations, spread over the study area (Figures 1
and 2) were covered. The processed data were
subjected to detailed interpretation aimed at
unraveling the subsurface groundwater potential
through the evaluation of Dar Zarrouk Parameters and
aquifer protective capacity of overburden units in the
study area. The interpretation assessed the prevalent
type curves in the study area, determined the
geoelectric properties of the subsurface layers and
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delineated the aquifers in terms of the thickness and
cleanliness. The nature of the overburden cap rock was
also assessed. The results were presented in form of
geoelectric sections and protective capacity maps
(Abiola et al., 2009). The apparent resistivity data pa
(Qm) from field measurements were inverted using
IPI2WIN resistivity sounding interpretation software
and interpex software to determine the true resistivity
and depths of subsurface formations. The resulting
model curves have fitting errors of <5% and exhibit
KQH, KQH, KQH and KHA type curves respectively
with 5 interpretable geoelectric layers (Figures 4 to 7).

Correlation between the layer lithology and VES is
achieved by correlating the resistivity values with the

standard values of resistivity as shown in table 1.

Table 1: Resistivity of common geologic materials.

Materials Normal
Resistivity
(include unit)
Ash 4
Laterite 800 — 1500
Lateritic Soil 120 - 750
Gravel (Dry) 1400
Gravel Saturated) 100
Dry sandy Soil 80 —1050
Sand Clay/Clayed Sand 30-215
Sand and Gravel 30-225
Saturated Landfill 15-30

Glacier Ice (Temperate) 2x10°-12x 108
Glacier Ice (Polar) 5x10*-3x10°
Permafrost 10° ->10*

Source: AbdulRahim et al., 2016.
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Fig 4: Vertical Electrical Sounding 1

The summary of resistiviy and thicknesssses of the
geoelectric/lithology layers within the subsurface are
presented in table 2. The longitudinal conductance and
aquifer protective capacity of the study area are
presented in table 3, while the aquifer protective
capacity as modified by Olusegun et al., (2016) are
presented in table 4.
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Fig 7: Vertical Electrical Sounding 4

Figure 4 and tables 2 — 3 showed that VES 1 is
typically KHQ curve. The curve revealed five
resistivity layers for VES 1. The first layer which is
the top soil has resistivity of 1654.5 Qm with a
thickness of 0.48 m. This layer is interpreted to be a
weathered layer. The second layer has resistivity of
1962.5 Qm with a thickness of 0.67 m. This layer is
interpreted to be sandy. The third layer has a resistivity
value of 544.12 Om with a thickness of 5.12 m. this
layer is also interpreted to be sandy clay. Underlaying
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the third layer is the fourth layer with resistivity value
of 399.6 Qm and a thickness of 8.79 m. This layer is
interpreted to be coarse sandy and the layer constitute
the aquifer. Underlayin the fourth layer is the fifth
layer with resistivity value of 8253.9 Om with an

1712

undefined thichness. This layer is also interpreted to
be sandy. The high resistivity values for layers one and
two suggest that the layers might have been
conterminated.

Table 2: Summary Table for the Vertical Electrical Sounding Interpretation

VES 1 Fitting Error = 1.82 VES 2 Fitting Error = 1.82
pg (M) h (m) Depth (m) Remarks P (Om) h (m) Depth (m) Remarks
Layer 1 1654.50 0.48 0.48 1822.20 0.57 0.57
Layer 2 1962.50 0.67 1.15 3690.50 0.71 1.28
Layer 3 544.12 5.12 6.27 767.12 6.04 7.32
Layer 4 399.60 8.79 15.06 387.96 6.99 14.31
Layer 5 8253.90 - - 6965.90 - -
VES 3 Fitting Error = 1.78 VES 4 Fitting Error = 1.50
Layer 1 2801.2 0.42 0.42 648.76 0.70 0.70
Layer 2 3551.2 0.82 1.24 1117.60 0.74 1.44
Layer 3 980.68 4.00 5.24 88.75 2.34 3.78
Layer 4 364.55 6.91 12.15 567.66 10.01 13.79
Layer 5 5023.50 - - 40641.00 - -
Table 3: Geoelectric Parameter of the Study Area
S/N Layers  Resistivity — Thickness " h; Longitudinal Conductivity =~ Protective
pa (Qm)  (m) §= P of the Protective Layers Capacity Rating
=1
VES 1 1 1654.50 0.48 0.00029 0.024 Poor
2 1962.50 0.67 0.00034
3 544.12 5.12 0.00094
4 399.60 8.79 0.02200
5 8253.90 - -
VES 2 1 1822.20 0.57 0.00031 0.026 Poor
2 3690.50 0.71 0.00020
3 767.12 6.04 0.00410
4 387.96 6.99 0.01900
5 6965.90 - -
VES 3 1 2801.2 0.42 0.00014 0.024 Poor
2 3551.2 0.82 0.00023
3 980.68 4.00 0.00410
4 364.55 6.91 0.01900
5 5023.50 - -
VES 4 1 648.76 0.70 0.0010 0.046 Poor
2 1117.60 0.74 0.00066
3 88.75 2.34 0.02600
4 567.66 10.01 0.01800
5 40641.00 - -

Figure 5 and tables 2 — 3 showed that VES 2 is
typically KQH curve. The curve revealed five
resistivity layers for VES 2. The first layer which is
the top soil has resistivity value of 1822.20 Om with a
thickness of 0.57 m. This layer is interpreted to be a
weathered layer. The second layer has resistivity value
0f 3690.5 QOm with a thickness of 0.71 m. This layer is
interpreted to be sandy. The third layer has resistyvity
of 767.12 Qum with a thickness of 6.04 m. This layer is
interpreted as sandy clay. The layer could be a possible
aquifer but the high resistivity of the layer may
indicate possible contamination of the layer.
Underlaying the third layer is the fouth layer with a
resistivity value of 387.96 Om with a thickness of 6.99
m. This layer is interpreted to be coarse sandy and the
layer constitute the aquifer. Underlaying the fourth
layer is the fifth layer with resistivity of 6965.90 Qm
with an undefined thickness. Figure 6 and tables 2 — 3

showed that VES 3 is typically KQH curve. The curve
revealed five resistivity layers for VES 3. The first
layer which is the top soil has resistivity value of
2801.20 Om with a thickness of 0.42 m. The second
layer has a resistivity value of 3551.20 Qm with a
thickness of 0.82 m. This layer is interpreted to be
sandy. Underlaying the second layer is the third layer
with resistivity value of 980.68 Um with a thickness
of 4.00 m. This layer is interpreted to be sandy clay.
Underlaying the third layer is the fourth layer with
resistivity value of 364.55 Qm with a thickness 0f 6.91
m. This layer is interpreted to be coarse sandy and
constitute the aquifer for the location. Underlaying the
fourth layer is the fifth layer with resistivity value of
5023.50 Om with an undefined thickness.

Figure 7 and tables 2 — 3 showed that VES 4 is
typically KHA curve. The curve revealed five
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resistivity layers for VES 4. The first layer which is
the top soil has resistivity value of 648.76Q0m with a
thickness of 0.70 m. Underlaying the first layer is the
second layer with resistivity value of 1117.60 Qm with
a thickness of 0.74 m. This layer is interpreted to be
sandy. The third layer has resistivity value of 88.746
Qm with a thickness of 2.34 m. This layer is
interpreted to be sandy clay. Underlaying the third
layer is the fourth layer with the resistivity value of
567.66 Om with a thickness of 10.01 m. This layer is
interpreted to be coarse sandy and consitute the aquifer
for the VES location. The fifth layer has a resistivity
value 0f 40641.00 Om with an undefined thickness.

Table 4: Table showing Aquifer protective Capacity Rating
(Olusegun et al., 2016)

Rating Remarks
Greater than 10 Excellent
5t0 10 Very Good
0.2t04.9 Moderate
0.1t00.19 Weak
Less than 0.1 Poor

5.9+ =

o,
%
5.8-] AR S
003,
5.7 -
03,

5.6

. Y

5.5+

of

5.4

5.3

T T T T
5.5 5. 5.7 5.

5.3 54 6 8 5.9
Fig 8: Aquifer Protective Capacity Map of the Study Area

0.044
0.042
0.04

0.038
0.036
0.034
0.032
0.03

0.028
0.026
0.024

Fig 9: 3D Surface Map of the Aquifer Protective Capacity
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Aquifer Protective Capacity: The aquifer protective
capacity was determined using the parameters of
longitudinal conductance presented in table 3 and the
aquifer protective Capacity Rating presented in table
4. The results showed that all the aquifers in VES 1,
VES 2, VES 3 and VES 4 showed poor aquifer
protective capacity having longitudinal conductance
values ranging from 0.024 to 0.046. The aquifer
protective capacity of the study area is also presented
in figures 8 — 9. Figure 8 showed the aquifer protective
capacity map of the study area while figure 9 showed
the 3D surface map of the aquifer protective capacity.
The aquifer in the study area may be prone to
contamination resulting from short residence time in
the sandy layers. Usually, groundwater is protected by
sufficient protective layers. Groundwater is given
adequate protection if silt and clay are found as thick
layers above the aquifer.

Dar Zarrouk Parameters: Some parameters are
generally very important in the understanding and
interpretations of geological model (Egbai and
Iserhien-Emekeme, 2015). These parameters are
related to different combination of the thickness and
resistivity of each geoelectric layers in the model
(Braga et al, 2006). For a sequence of horizontal,
homogeneous and isotropic layers of resistivity p; and
thickness h;, the Dar Zarrouk parameters (longitudinal
conductance S and transverse resistance T are
respectively defined as :

S= E i 3)
h i=1Pi
d

T= Zizlhipi 4)

If the total thickness of the layers in the geoelectric
section considered is H, then the average longitudinal
resistivity p; is given by

‘Z hi 7
PL = 121 S; (7)

And the average transverse resistance p;is given by

=Y T/ (8)
l

An

p; is always greater than p;. Therefore, the entire
section will thus be anisotropic with regard to
electrical resistivity. The coefficient of electrical
anisotropy is defined as
= |2 ©)
PL

Where A is real and greater than 1.
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A mean value of resistivity for the formation (p,,) can
be defined as

Pm = +/PLPL

The reflection coefficient (Rc) and resistivity contrast
(Fc) of the fresh basement rock of the study area was
calculated using the method of Oladunjoye and

(10)
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_ _Pn
Pn-1

F¢ (12)

Where p,, is the layer resistivity of the n™ layer and
Pn1 1is the layer resistivity overlying the nth layer.

The Dar Zarouk parameters of the study area were
evaluated based on the weathered layer thickness,
resistivity of overburden thickness, transverse

Jekayinfa (2015). resistance (T), coefficient of electrical anisotropy (),
Pn — Pn-1 reflection coefficient (Rc), formation resistivity (py,)
c = Pn + Prs (1) and resistivity contrast (Fc). Values of various
And formation parameters are presented in table 5.
Table 5: Evaluation of Dar Zarrouk Parameters
VES Reflection Resistivity Longitudinal ~ Transverse Coefficient of  Resistivity of
Coefficient ~ Contrast Resistivity Resistivity  Anisotropy Formation
R = (F):p—n (p):E (p):I Pl (P)=
— S e L U h W= = m
Pn = Pn-1 1 @ ms) @m oL JpipL(Qm)
Pn + Pn-1
1 0.91 20.66 300.68 828.73 1.39 124589.70
2 0.89 17.96 303.91 1183.06 1.95 179768.20
3 0.87 13.78 310.18 1246.76 2.01 193357.30
4 0.97 71.59 199.13 741.62 1.86 73839.20
The reflection coefficient (Rc) is a measure of the
degree of fracture in an area. It could also indicate the Conclusion: This work evaluated Dar Zarrouk

density of formation in the aquifer. Areas of low
reflection coefficient value have high water potentials.
The results of the area studied in this work showed that
the reflection coefficient values ranged from 0.87 to
0.97 indicating high groundwater potentials.

Low wvalues of resistivity contrast indicate high
groundwater potentials. The values of resistivity
contrast in this work ranged from 13.78 to 71.59. This
shows that the four VES locations studied in this work
have high groundwater potentials except VES 4.

Low values of coefficient of anisotropy (A) may be
indicating high — density water — filled aquifer usually
determined for a basement complex. Its determination
in this work was to see if it can also provide an insight
into groundwater potential in the study area. In this
work, the values of coefficient of anisotropy obtained
ranged from 1.39 (VES 1) to 2.01 (VES 3). These
values are considered high A values.

The influence of pore structure on the resistance of
sample gives an indication of the resistivity of the
formation. The resistivity of formation containing
hydrocarbon is usually very high (Okhue and
Olorunfemi, 1991). The values of resistivity of
formation obtained in this work ranged between
73839.20 (Qm) (VES 3) and 193357.30 (Qm) (VES
4). These values are considered high and might
indicate that the study area is contaminated with
hydrocarbon.

parameters of parts of Federal University of Petroleum
Resources, Effurun, Nigeria to determine groundwater
quality and potentials. Results obtained in this work
showered that the study area revealed five (5) geologic
layers. Results also showed that the study area has
poor aquifer protective capacity. The Dar Zarrouk
parameters evaluated showed that the study area has
good groundwater potentials.
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