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(Abstract )
The geophysical investigation of the earth’s subsurface is a vital step in engineering and environmental surveys. Appli-
cation of the basic methods of geophysics to detect and study subsurface anomalies for engineering and environmental
problems. This study modified the existing Half Schlumberger arrays after evaluating the efficiency of the existing Half
Schlumberger array. The Modified Half Schlumberger (SMH) relatively produces a better result for a deeper geophysical
investigation where there is a limited space than the existing Half Schlumberger (SH). The results of the investigated nine
(9) VES stations were presented in tables and graphs, which shows that the two arrays are nearly the same (about 94%
in similarity). The SMH array shows an interesting result. It was noted that the SMH probes were deeper than the usual
SF arrays with an average extension of about 2.4 m depth in terms of overburden thickness. In addition, the two arrays
produce identical curve types, subsurface parameters, and soil depth section sequences across all the VES stations. The
identical results confirmed the efficiency and reliability of the SMH array. Consequently, SMH can be adopted as a prac-
ticable alternative array to the traditional SH and the conventional Full Schlumberger (SF) array for any geophysical
survey, where the usual SF array is applicable, most especially when deeper subsurface information is required and the

\available space is highly limited. )

Keywords: Half Schlumberger, Modified Half Schlumberger, Efficiency, Alternative Array, Overburden Thickness.

Introduction

The investigation of the earth’s subsurface to a large extent; can
only be done through drilling before the coming of geophysics.
The drilling process is time-consuming, highly expensive, te-
dious, and destructive [1, 2, 3]. However, geophysics investiga-
tion by drilling appears more certain and accurate, but it is high-
ly limited because it can only provide subsurface information at
a discrete location, and it is highly restricted to a certain terrain
[4, 5, 6, 1]. Studies have shown that all geophysics explorations
and theoretical analysis of acquired data are less effective when
compared to physical drilling [2, 3]. Therefore, the involvement
of geophysics in subsurface exploration such as environmental
engineering has become a prominent and promising approach
[7, 8,9, 10]. Geophysical methods are implemented in a wide
range of applications ranging from magnetic, gravity, seismic,
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electrical resistivity, electromagnetic, induced polarization,
radioactive, and so on [4]. However, electrical resistivity sur-
veys remain one of the most efficient and suitable methods for
groundwater exploration,

especially for depth information [11, 12, 13]. However, many
configurations of electrodes have been designed for electrical
resistivity surveys (Vertical electrical sounding), which are oc-
casionally employed in specialized surveys such as mineral and
groundwater exploration [7, 14, 15, 16, 17, 18]. In Vertical elec-
trical sounding, different kinds of arrays can be used to exploit
the information of the earth’s subsurface such as lithology, hy-
dro-geological, and stratigraphic sequence characteristics, and
the subsurface strata can be obtained through the help of elec-
trical resistivity survey techniques [4]. The electrical resistivi-
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ty technique has been widely used and accepted in prospecting
for foundation studies, groundwater dam site location, pollution
plumes, mineral exploration, and road failures [17, 19]. Howev-
er, the electrical method is usually challenged by limited space
for the spreading of cables, which could lead to incomplete in-
vestigation, wrong judgment, and wrong recommendations due
to incomplete information obtained from the little spreading [5,
20].

However, electrical resistivity which appears to be the most
common geophysics technique currently in use; involves the
injecting of an electrical current into the ground through steel
electrodes in an attempt to measure the electrical properties of
the subsurface of the earth [7, 21, 22, 23]. The Schlumberger ar-
ray configuration of Vertical Electrical Sounding (VES) is one of
the most commonly used techniques in the electrical resistivity
survey due to its capacity to probe deeper when compared to the
Wenner array [24, 25]. According to remarkable studies show
that the Schlumberger and Wenner methods are not applicable
where there is urban development as well as congested village
community areas, because of limited space for lateral spread of
the electrodes [26, 27]. As a result, care should be taken while
giving suitable sites. In both techniques, it is necessary to oper-
ate on a dry surface for effective penetration of the current and
if the ground is wet or if sufficient moisture is present in the
ground, likely that the current will not penetrate the ground [28,
29, 30].

Schlumberger has been considered one of the most effective
techniques for deeper information, especially for the delineation
of groundwater potential over time. This is because it provides
a better vertical resolution, it takes less time to be achieved, and
it requires less manpower (only three people can convenient-
ly carry out the Schlumberger array technique) [31, 32, 20].
Despite the advantages of this Schlumberger array, its applica-
tions are limited in a congested and built-up environment where
deeper subsurface information is required [5, 33]. This implies
that; Schlumberger's investigation becomes extremely difficult
in such congested terrain. Due to this inadequate space, the
depth of investigation may be reduced and geo-electrical results
become inconclusive, which may result in incomplete recom-
mendations [20]. In such a congested and built environment, a
modified array which is known as Half Schlumberger was de-

Theoretical Background of Current Flow in the Ground

veloped to tackle the problem of inadequate space, since one
electrode can be kept constant or fixed perpendicularly (900)
very far away, while moving the second current electrode. With
this, it was discovered that the Half Schlumberger array is more
convenient, fast, easy, and requires less manpower compared
to the Full Schlumberger, as only two persons can convenient-
ly carry out the survey. The effectiveness and efficiency of the
half Schlumberger array have been fully confirmed and affirmed
[5, 33, 20]. This research work attempts to improve on the Half
Schlumberger by modifying the usual Half Schlumberger arrays
where the current electrode B is kept at an infinite distance (that
is; the current electrode B is placed at a position where B is three
times the distance AB/2 or L/2). The modification developed by
work is targeted at the extension of the constant current electrode
B from its usual distance B = 3(AB/2) to a position where B =
4(AB/2). That is, the current electrode B would now be placed at
a position four times the traditional Full Schlumberger of AB/2.

Materials and Methods

The geo-electrical resistivity field data were acquired with the
help of the earth resistivity meter commonly known as the
Ohmega Q resistivity Meter. the survey makes use of sever-
al other instruments for data collection, which include; a field
hammer, magnetic compass, cutlass, electrodes, measuring tape,
cables and reels, as well as a Global Positioning System (GPS)
Navigator, to register the geographic coordinates of the digitized
VES points. The Half Schlumberger array method follows the
same procedure as an electrical resistivity technique which in-
volves the spreading of current electrodes (A & B), while the
potential electrode (C & D) remains fixed (Fig 1) The objective
of VES is to register the changes in resistivity values with depth
and to compare it with the available geological data to infer the
depths and resistivity values of the layers present [26]. The re-
sistivity of the strata is determined by passing an electric current
between two electrodes on the surface. The spacing between the
electrodes was increased to obtain more subsurface information
in the deeper sections, since, the depth of penetration increases
the distance between electrodes increases also. In a Schlumberg-
er array, the potential electrodes (C and D) are determined by
injecting current into the ground through two steel electrodes (A
and B) [4]. According to Ohm’s law:

AV = IR (D

Since the resistivity of a material can be defined as the resistance in Ohms between the opposite faces of a unit cube of the material
(Kearey, et al., 2002), a conducting cylinder of resistance (5R), length (6L) and cross-sectional area (5A) (Fig. 2) and the resistivity

p can be expressed by;

~ 5RA
P= 5L
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Figure 1: The Parameters used in Defining Resistivity
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In an element of homogeneous material, the current (I) passed through the cylinder causes the potential drop (—6V) between the ends
of the element [7, 34]. Ohm’s law relates the current, potential difference and resistance such that:

-6V = 6RI
So that:
6V pl
8L~ 6A

5V
5L represents the potential gradient through the element, mea-

sures in voltm—1and J the current density in Am~2. Now, consider
a single current electrode on the surface of a medium of uniform
resistivity p (Fig. 2). The circuit is completed, when a current
sink at a large distance from the electrode [7]. The current flows
radially away from the electrode; so that the current is uniformly
distributed over hemispherical shells centred on the source [35,
4]. At a distance (1), the electrode of the shell has a surface area

(3

(4)

So, from equations (1), the potential gradient associated with
this current density is defined as:

av pl
or  2mr? (6)

The potential (Vr) at distance r is then obtained by integration;

of 2mr2, so that the current density, J is given by plor pl
I Vo= 0V=-— =5 )
[ = 5) 2mr 2mr
2mr?2 (
|
| ! >

Figure 2: Current flow from a single surface electrode.

Electrode Configuration

The general formula for the resistivity measured by a four elec-
trodes method is simpler for some special geometry of the cur-
rent and potential electrodes [36]. When the current sink is a
finite distance from the source (Fig 3). The potential (Vc) at an
internal electrode C is the sum of the potential contributions
(VA) and (VB) from the current source at A; and the sink at B.

V.=V, +V, ®)
From (1)
V.= pl [1 1]
C T 2n ry, Tg ©)
Similarly,

g P 1
D_ZT[[RA RB
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Absolute potentials are difficult to monitor, so the potential dif-
ference (AV) between electrodes C and D is measured

G- &)
=Ve—-VWpo=x—l——) - [7——-= 11
av VC VD 2m r'a TIp RA RB ( )
Thus, the apparent resistivity (p,) can be estimated as:
2mAV
T —KR  (12)

pa = pa = 1 1 1 1
-5 -G
Where k is the geometric factor (K-factor) and its values depend
on the arrangement and configuration of the four (4) electrodes

as shown in Fig 1, (Telford et al., 1990; Loke, (1990), John,
2003). According to Fig 1,

(if, AC = BD = (=) and CB = AD = (=*).
So that, the geometry factor for the Conventional Schlumberger
array, becomes:
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-1

k=g (- - ()
"I\ =a T Lva)  \Lva L-a (13)
Equation (13), can be expressed further, so that:

n[L2 — a? (14)

Kg

]

Consequently, by substituting equations (14) in (12), the equa-
tion (12) becomes

4 a

_ri. AV 12 — a2
Pa =REF =712

Where pa = apparent resistivity measures in Ohm-meter (Q2m),
KF = geometry factor for Full Schlumberger, while parameters
“L” and “a” are well illustrated and defined in Fig 1. Thus, equa-
tions

(4) and (5) can be used to calculate the geometric factor and
apparent resistivity for conventional (Full) Schlumberger array
configuration.

(15)

Current M®
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L

Figure 3: The Schlumberger Configuration Array Measurements

Schlumberger Array Configurations

Selection of site is extremely important in all sounding investi-
gations, especially with the Schlumberger array due to its sensi-
tivity to environmental conditions [14, 37, 38]. The basic focus
of this research is to consider the existing Half Schlumberger
technique and modifies it to produce better results. To do this, we
need to review our understanding of the Schlumberger method
and its applications. Schlumberger array apparent resistivities
are normally estimated from the approximate equation (14). The

choice of the array and its dimension largely depends upon the
target; its size, depth and resistivity contrast with its surround-
ings. For this present study, two different Schlumberger array
configurations were exploited. Schlumberger array can provide
accurate depth, thickness, electrical resistivity, depth to the wa-
ter table, and bedrock estimations of the subsurface layers. It
can be used to estimate geological formations as well as detec-
tion and location of contaminant plumes [7]. However, Schlum-
berger data are ambiguous, because many different “models”
can produce the same data. Though; the Schlumberger survey
is slow because electrodes must be removed and driven into the
ground between measurements, the Half Schlumberger tech-
nique is very fast and easy [39]. However, the data acquired by
the Schlumberger survey are usually influenced by near-surface
conductive layers because the current always travels most easily
along highly conductive layers and if the surface is highly con-
ductive, it may not be possible to collect data below the top layer
[29, 26]. The Schlumberger survey is one of the most common
electrical techniques in the last decade for the following reasons:

1. Near-surface effect, lateral in-homogeneities affect are less
with Schlumberger measurements

2. It has an excellent vertical resolution and good depth sensi-
tivity compared to Wenner profiling

3. Schlumberger interpretation techniques are more fully de-
veloped and diversified compared to Wenner.

4. The Schlumberger array provides a reduced signal to noise
ratio, and may offer an improved imaging resolution

5. It may pick up noise than the normal array when assessing
the data quality using reciprocal measurements.

6. Schlumberger requires fewer manpower and electrodes, to

be moved for each sounding compared to Wenner.

Calculation of Geometry Factor (K-Factor)

The common guideline adopted in a Schlumberger survey is that
the CD should not exceed 20% AB/2 was adopted [4, 7]. The
process yields a rapidly decreasing potential difference across
space, CD, that ultimately exceeds the measuring capabilities of
the instrument [7, 21, 40]. Hence, at this point, a new value for
CD is established, typically 3-4 times larger than the proceeding
values, and the survey continues until the last two or three AB/2
is duplicated with the new CD value. To illustrate this, we started
the survey with CD = 0.3 m, increase to 1.0 m, and finally, 5.0 m,
while the AB/2 starts from 1.0 m, 1.5m, and ends at 70 m. The
K-factor obtained from equation (14) and presented in table 1

Table 1: Geometry Factors Computed from Full Schlumberger Array

SN ABy /L CDy /L o _m[E-a
(2)_(2) (m) (2)_(2) (m) F 4[ a ]

1 1.0 0.3 4.76

2 1.5 0.3 11.31

3 2.0 0.3 20.47

4 3.0 0.3 46.65

5 4.5 0.3 105.56

6 7.0 0.3 256.1

8 10.0 1.0 155.51

9 15.0 1.0 351.86
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10 20.0 1.0 626.75
11 30.0 1.0 1412.15
12 45.0 1.0 3179.3
13 45.0 5.0 628.32
14 70.0 5.0 1531.53

Method 1: Half Schlumberger Configuration

The usual Half Schlumberger followed the same principle of
full usual conventional Schlumberger, except that, one of the
current electrodes, (B) is placed at a distance, far away from
the measurement area (Fig 4). To satisfy the condition for half
Schlumberger array, the current electrode B must always be at
a distance, L = 3(AB/2), which is equivalent to 210 m for this
research, since the maximum spread for this research of AB/2
=70 m [32, 20]. However, since only one current electrode is
moving, this method saves a lot of time, while avoiding conflicts
in a congested and complex terrain. The resistivity distribution
with depth, which results in deeper layers, reflects the change of
apparent resistivity [41, 42, 43]. That is, whenever, deep subsur-
face information is required, the distance AB/2 increases; and
the current penetrates deeper than the previous one [32, 20]. The

geometric factor of the Half Schlumberger array has been evalu-
ated to be twice that of the usual full Schlumberger array. So that
the geometric factor for Half Schlumberger can be expressed as:

N _Zn Lz—az_ 1?2 —a?
HZRF =1 [T 2a

(16)

So that:

p.=2RK, (17)

Where K and K, = geometry factors for Full Schlumberger and
Half Schlumberger respectively.

Bis fixed@--==-======= ==~ -
E
=
L]
AB/2 &
3
o
A Subsurface C D -
-« L2 >

Figure 4: Configuration of the Half Schlumberger Arrays (B at 3L/2)

Method 2: Modified Half Schlumberger Configuration
Modified Half Schlumberger (SMH) is the main focus and the
gap bridged by this work. Note that the method adopted by SMH
is the same as the principle of the usual traditional SF and the
normal SH, except that, this time, the current electrode (B) was
placed at a position that is far away, when compared to the known
half Schlumberger (Fig 5). That is, the major difference between
the half Schlumberger and the modified half Schlumberger is the
position of current electrode B. In a modified half Schlumberger
array, we placed the current electrode, B at a distance B =2L =
2(AB) =2 x 140 = 280 m (Fig 5), since AB/2 for this survey is
70 m. The geometric factor of the Modified Half Schlumberger
arrays was derived from the existing Full and Half Schlumberger
according to equations (16) and (17). We can now evaluate the
geometric factor for the Modified Half Schlumberger (KMH) ar-
rays from equations (15), (16), and (17) as follow:

This will imply that in the usual Half Schlumberger were B is
placed at a position three times (AB/2):

AB
() -2
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And for the Modified Half Schlumberger where B is placed at
four times {4(AB/2)]:

AB
4 (7) = 2(AB) = xKy (18)
From (18) and (19), it implies:
0 19)
X==
3
So, equation (19) becomes:
8
KMH = 2(AB) = XKF = §KF (20)
Consequently;
8
pa =3RK 1)

Equation (22) is a modified equation from the existing equations
of Full and Half Schlumberger and it can be used to compute the
geometry factor for the Modified Half Schlumberger (see table 3).

J of Agri Earth & Environmental Sciences 2024



Figure 5: Configuration of the Modified Half Schlumberger Arrays (B at 2L)

Raw Data Obtained from a Crystalline Basement Complex from the physical arrangement of the four (4) electrodes. Conse-
Terrain quently, the K-factors for both arrays were calculated from equa-
Tables 2 and 3 show the raw data acquired from a crystalline tions (16) and (21), while the apparent resistivity values were
basement complex terrain using both arrays (SH and SMH) for computed from equations (17) and (22), for the two Schlum-
VES 1. The resistivity (R) values are the direct values measured berger arrays and presented in tables 2 and 3.

by the Ohmega resistivity meter, while AB and CD are measured

Table 2: Geometry Factors and Computed Apparent Resistivity Values for Half Schlumberger Array

S/N (AB) (m) (CD) (m) Geometry -factor Resistivity Values | Apparent Resistivity
2 2 Ku=2Kr |[R(Q) pa = KyR (Qm)
1 1.0 03 9.52 85.63 815.198
2 1.5 03 22.62 2348 621.598
3 2.0 03 40.94 13.62 598.543
4 3.0 0.3 93.3 6.729 627.816
5 4.5 0.3 211.12 3.252 686.563
6 7.0 03 512.2 1.362 697.617
7 7.0 1.0 150.8 4.523 682.069
8 10.0 1.0 311.02 2.134 663.717
9 15.0 1.0 703.72 0.7898 555.798
10 20.0 1.0 1253.5 0.3395 425.563
11 30.0 1.0 2828.3 0.1484 419.720
12 45.0 1.0 6358.6 0.0786 499.786
13 45.0 5.0 1256.64 0.2714 341.052
14 70.0 5.0 3063.06 0.1863 570.648

Table 3: Geometry Factors and Computed Apparent Resistivity Values for the Modified Half Schlumberger Array
S/N | (AB CD Geometry -factor Resistivity Values | Apparent Resistivity
(3) | (F) @

8

Ky = §KF R (Q) Py = KMHR (anI)
1 1.0 0.3 12.6933 62.63 794.983
2 1.5 0.3 30.1600 21.48 647.837
3 2.0 03 54.5867 11.62 634.297
4 3.0 0.3 124.400 6.299 783.596
5 4.5 0.3 281.493 3.017 849.265
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6 7.0 0.3 682.933 1.112 759.422
7 7.0 1.0 201.067 3.791 762.244
8 10.0 1.0 414.693 1.894 785.430
9 15.0 1.0 938.293 0.6997 656.524
10 20.0 1.0 1671.33 0.2953 493.545
11 30.0 1.0 3765.73 0.1105 416.114
12 45.0 1.0 8478.13 0.0697 590.926
13 45.0 5.0 1675.52 0.220 368.614
14 70.0 5.0 4084.08 0.1461 596.684

Data Processing and Interpretation

Data Processing

The data obtained in a crystalline basement complex terrain (Ta-
bles 2 and 3), were fed into the computer software as the initial
raw data model parameter in a forward iterative modelling tech-
nique using RES 1D computer software (version 1.00.07 Beta)
[7]. The interpreted results, which consist of the subsurface lay-
ers’ resistivity values and their layer thicknesses) are presented in
table 4. These results were further used for qualitative and com-
parative analysis for the Half Schlumberger and the Modified
Half Schlumberger array. Before applying the complex comput-
er software, we employ an excel Microsoft for a few rough work

Euapen o lapers
Schiluilsa Tl
10000, 1i T “” T T ﬁ"
Cal. apR. 105, Layer Resistivity Thickness
1 147691 1.4 ]
Obyope.fe. 3 g8 1208 ;
et ] gam, wm ]
App. ras, .
RME errar 3.01% i
bed meoded
1000.0 m‘h |
Resis.
100, Jd L Ak
1.0 Fiecerd B S pacieg 100.8
a. Resistivity Curve for Half Schiumberger (B = 30/

ideas. The typical resistivity curves of VES 1 obtained from Res
1D for both arrays with a pair of resistivity curves for four layers
are presented in Fig 6. The generated curves by Res 1D can be
classified simply into four (4) basic curve shapes, (where we
have A, H, K, and Q) which can be combined to describe more
complex field curves that may have many layers [4]. This curve
allows us to determine the model parameters like initial model
layers and the curve types. Though, in this research, we have
four generated curves (such as KH, QH, KHK, and AA). We,
however, noted that the curve types generated from both arrays
produced the same curves across all the VES stations.

Figure 6: Typical Resistivity Curves of Schlumberger Arrays Configuration for VES 1

Interpreted Values

Table 4 shows the data interpreted from Res 1D, which gives us the subsurface layer’s resistivities and its thickness for both arrays
across all the VES points, while Table 5 shows the comparative analysis of the Half Schlumberger and the Modified Half Schlum-
berger. The results however show that both arrays are nearly the same at all points.

Table 4: Interpreted Results Showing the layer Resistivity and its Thickness across the Nine (9) VES Stations.

VES | Geologic | Half Schlumberger when B is placed at distance B=3(AB/2) | Half Schlumberger when B is placed at distance B=4(AB/2)
Pts | Layers [ Apparent Resistivity (pa/ Qm) Overburden Apparent  Resistivity  (pa/ Overburden
Layer’s Thickness (h/m) Thickness d/m Qm) Layer’s Thickness (h/m) Thickness d/m
Vi 1/2/3/4 1477/332/711/1711 28.3 1291/312/687/1868 29.5
1.2/12.9/14.2 1.3/15.5/12.7
V2 1/2/3/4 1999/682/49/1719 17.7 1879/682/62/2022 20.0
0.7/5.1/11.9 1.0/4.9/14.4

www.mKkscienceset.com J of Agri Earth & Environmental Sciences 2024
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V3 | 1/2/3/4/5 179/85/212/50/14992 20.8 119/85/212/50/15119 22.5
1.3//4.1/5.4/10 1.5/5.3/3/15.7
V4 1/2/3/4 1901/617/88/49971 20.9 1717/499/77/48001 242
0.8/6.7/13.3 0.9/5.7/17.9
V5 1/2/3/4 1901/617/88/49971 21.0 177/41/101/9101 25.3
0.8/6.7/13.3 3.1/3.9/18.3
Vo6 1/2/3/4 171/333/611/1807 30.1 133/305/599/1907 324
1.8/21.1/7.2 2.1/22.4/7.9
V7 1/2/3/4 171/333/611/1807 21.3 133/305/599/1907 24.9
1.8/21.1/7.2 2.1/22.4/7.9
V8 1/2/3/4 179/322/509/20031 34.0 152/299/599/18009 35.8
2.1/22/9.9 2.3/23/10.2
V9 1/2/3/4 500/2401/142/3510 25.3 457/2111/133/4010 26.6
2.9/4.1/18.3 3.2/3.7/19.7

Results and Discussion

The results of the interpreted data for this research were present-
ed in tables, line graphs and histogram graphs. The geo-electric/
geologic model or depth section was defined based on the results
of several geo-electric surveys [15, 44, 45], using ranges of re-
sistivity values. After the quantitative interpretation, the results
show the Half Schlumberger (SH), where B = 3(AB/2) =210 m
and the Modified Half Schlumberger (SMH), where B = 2(AB)
= 280 m, are highly similar and are virtually the same for all
VES points with about 94% in similarity as shown in table 5.
This 94% similarity agreed with the previous research works
with the percentage similarities of 97%, 98%, and 97% respec-
tively [31, 33, 20]. The processed data presented in Figures 7,
8, 9 and 10, show that the Half Schlumberger and the modified
Half Schlumberger are nearly the same at all VES stations. This
infinitesimal variation indicates that the Half Schlumberger and
the modified Half Schlumberger are effective and reliable, which
can be adopted for any Vertical Electrical Sounding geophysical
survey where the traditional (Full) Schlumberger is effective, re-
liable, and applicable as well. However, with the emphasis on
the Modified Half Schlumberger array, it was observed that the
SMH gives a higher topsoil thickness with about 0.27 m com-
pared to SH, but the reverse is the case for topsoil resistivity,

as the SH is seen to have higher resistivity values as seen in table
5. Though, the variation in topsoil resistivity is almost inconse-
quential, having 96% similarity. Interestingly, the SMH provides
a higher aquifer thickness with an extension of 2.0 m thickness.
This suggests that the SHM probes deeper than the usual SH.
The average aquifer resistivity value was found to be 225 Qm
and 228 Qm for the SH and SHM respectively. This variation in
aquifer resistivity is high infinitesimal and considered insignifi-
cant, having 99% similarity.

A study shows that the basic need of human beings is water and it
should be considered a priority, the major emphasis of the SHM
is on the overburden thickness which enhances the groundwater
potential [26]. From Table 5, it was noted that; while the SH pro-
duced 24.4 m overburden thickness, the SMH attained 26.8 m
overburden thickness. This high variation in overburden thick-
ness (2.4 m) makes the SHM unique, better, and preferable tech-
nique for groundwater exploration especially in a highly con-
gested environment. From the last layer resistivity, there were no
significant changes observed between both arrays having noted
high resistivity values (12,000 Qm) for arrays, we concluded
that; the last layer is fresh basement rocks.

Table 5: Geoelectric Parameters of The Study Area Showing the Correlation in Percentage for Both Arrays

SN Lithologs of the Half Schlumberger when B Modified Half Schlumberger Similarity in
geoelectric section is at L =3(AB/2) =300 m when B is at L=2(AB) =400 m percentage

1 Topsoil Thickness 1.70 m 1.97m 86 %
2 Topsoil Resistivity 796 Qm 791 Qm 96 %
3 Aquifer Thickness 20.0 m 22 m 91 %
4 Aquifer Resistivity 225 Qm 228 Q 99 %
5 Overburden Thickness 244 m 26.8 m 91 %
6 Bedrock Resistivity 12910 Qm 12771 Qm 94 %

Average 94 %

Fig 7 is the topsoil resistivity with an interesting resistivity value.
The figure reveals that the modified half Schlumberger produced a
topsoil resistivity that is infinitesimally low when compared to the
usual Half Schlumberger at all VES stations. One major interesting
thing about the resistivity values displayed in Fig 7, is the trend of
variations. Considering Fig 7, it was discovered that the SMH
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produced resistivity values that are less than that of SH across
all the VES stations. That is, it can be concluded that the topsoil
resistivity values for Half Schlumberger (SH), are always great-
er than that of the Modified Half Schlumberger (SMH), having
observed these variations in all the nine (9) VES stations. Thus:
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S

H

>S

- (in topsoil resistivity)

(23)
The result in equation (23), is not strange because, the Schlum-
berger array at the near-surface effects generally varies much
less, provided that only the current electrodes (AB) are moved,
and this is why the Schlumberger array is often preferred for
depth sounding [14]. However, the topsoil thickness plotted in

are nearly the same, though, SMH seems to have higher topsoil
thickness in all locations, and this is not unconnected to the fact
the SHM probes deeper than SH. That is, we can also conclude
that the SH array is always less than that of SMH in terms of top-
soil thickness, since the disparities occur at all the VES stations.
Thus, we say:

Fig 8 seems to take a different direction as the topsoil thickness S, >S (in topsoil Thickness) (24)
varies in the opposite direction. In Fig 8, the SH and the SMH
2800 - .
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Figure 7: The bar Chart Graph of the Topsoil Resistivity of the Study Areca
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Figure 8: The bar Chart Graph of the Topsoil Thickness of the Study Area

Figures 9 and 10, show the basement resistivity and the overbur-
den thickness respectively. In Fig 9, the modified half Schlum-
berger indicates an infinitesimally high basement resistivity
compare to the usual Half Schlumberger in almost all the lo-
cations, except in location V8. The variation in V8 may not be
unconnected with the fact that the modified half Schlumberger
probes deeper than the usual half Schlumberger, thereby causing
the current to hit the basement rocks at a more fresh and harder
depth, where there is no element of weathering and fracturing
activities. On the other hand, the modified half Schlumberger
shows an interesting value in Fig 10, being the overall (over-
burden) thickness of the subsurface terrains. Though, the over-
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burden thickness values are nearly the same at all VES points,
but, the Modified Half Schlumberger probe is deeper when com-
pared with the usual Half Schlumberger, with an extension of 2.4
m (240 cm). This implies that the Modified Half Schlumberger
is relatively more effective than the usual Half Schlumberger, in
a deeper subsurface investigation. Therefore, we can technically
say, the overburden thickness of the half and the modified half
Schlumberger arrays are related as follow:

S, <S

0 < Sy (in terms of overburden thickness)

(25)
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Equation (25) is directly opposite of equation (23). That is, it
can be concluded that the Half Schlumberger and Modified Half
Schlumberger arrays are highly reliable and effective. Therefore,
S, is recommended for any Vertical Electrical Sounding geo-

physical survey where the traditional full Schlumberger survey
is applicable, especially in a congested and built environment,
where deeper subsurface information is required and the space
available is highly limited.
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Figure 9: The bar Chart Graph of the Fresh Basement Resistivity of the Study Area
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Figure 10: The bar chart Graph of the Overburden Thickness of the Study Area

Comparison of the Usual Half Schlumberger and the
Modified Half Schlumberger

The traditional SM array has a moderate depth of investigation
and strong signal strength which is inversely proportional to its
geometric factor which is used in calculating the apparent resis-
tivity. The SMH has a high depth of investigation with high sig-
nal strength and is preferred in a deep subsurface investigation.
This implies that; the SMH is the most sensitive configuration to
vertical variations. However, both arrays are not suitable for in-
vestigations in a noisy site because of them high signal strength.
Also, they are less sensitive to horizontal variations coverage
with increased electrode spacing and 3D structures. On the oth-
er hand, the choice of the array for site investigation is usual-
ly influenced by the depth of investigation and environmental
factors. While the environmental factor is defined by available
space, the depth of investigation factor is defined by deeper sub-
surface information or depth penetration required. That is; the
SMH is considered the best array, in a congested environment
where deeper subsurface information is required.
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Conclusion and Recommendations

In Schlumberger array configurations, it was noted that it is
almost impossible or extremely difficult to operate; since the
spread to depth, the ratio is 2:1. This implies that; it is extremely
difficult or impossible to probe beyond the depth of 100 m. The
interpretation is not ambiguous because the software can take
care of the errors for matching with the standard curves. In doing
this, the original of the layers may change and the interpreta-
tion may differ depending upon the handler. The Schlumberger
technique is fast and easy, but the SH and the SMH are faster
and easier to operate; because it is less time consuming, require
less manpower and are not limited in a congested environment.
The task of interpreting data is an easy job by the curve match-
ing technique. It is time- consuming to identify different curves,
especially when considering a terrain with more layers. Though,
it was observed that; while the Full Schlumberger or other elec-
trical methods like Wenner cannot be applied in a region where
there is urban development for their lateral spread of the elec-
trodes, the SH and the SMH arrays are not limited in a congest-
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ed environment because only one moving electrode is required.
Based on the geo-electrical data interpretation, it was noted that
both SH and the SMH arrays show posit match in terms of all the
subsurface parameters obtained across all the VES. The results
of the interpreted data show that the SH and SMH are highly
correlated (about 94% in similarity. For instance, SH > SMH, in
topsoil resistivity and thickness across all the nine (9) VES sta-
tions. The modified equation (pa = SRK) , was used to calculate
the K-factor for the Modified Half Schlumberger and the result
shows that the geometry (K) factor for SMH is valid, efficiency,
and reliable. Based on the analysis, the SMH array is a practica-
ble alternative array to the usual full Schlumberger and the Half
Schlumberger array for any geophysical exploration, especially
in a region where the aquifer is deep with limited space. Due to
the ability of SMH to relatively probe deeper, it is considered
reliable and more effective in delineating groundwater poten-
tial especially when deeper subsurface information is required
and the available space is highly limited. In addition, the main
strength of SMH is its ability to relatively probe deeper, which
may lead to the reduction of the signal to noise ratio.
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