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ABSTRACT

This study entails the wvulnerability
assessment of soils and groundwater
resources to surface induced contamination
by solid wastes from a dumpsite in Port
Harcourt Metropolis, Rivers State. The
objective is to evaluate soil protective
capacities on the groundwater system of the
area using the Dar-Zarrouk
parameters.Vertical Electrical Sounding
(VES) and 2-D Electrical Resistivity
Tomography (ERT) were integrated in the
study. A total of four (VES) and two (ERT)
were occupied with the wuse of the
Schlumberger and  Wenner electrode
configurations respectively for subsurface
characterization. Results of the VES reveal
the lithology to be mainly of lateritic sand to
sands of varying grain sizes and thicknesses.
The VES show 4 to 5 geo-electric layers with
different type curves. Leachate plume were
delineated in the 2"layers of VES 1, 2,3 and
4 and 3" layers of VES land 3 with
resistivities range of (24.83-85.66) om and
depth range of (4.58-20.07) m. The 2-D
resistivity tomography identified
contaminants within and around the
dumpsite. Contaminant leachate plume with
low resistivities between (3.7and 98.8)Qm
occur at the surface points (0.469m) and
depths of over 16m, in the entire area. The

transmissivity of the aquifer varies from
5.84x10%Qm? to 8.40x 10%Qm? while the
protective capacity of the overburden layers
ranged from 9.98 x 10%o 156 x 10
ISiemens. The high transmissivities and the
low values of protective capacity will make
the aquifers highly vulnerable to seepage
and migration of contaminants.  These
findings imply that the soil and groundwater
resources have been contaminated and
highly vulnerable to surface induced
contamination in the study area.

Protective
parameters,
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Capacity, Dar-Zarrouk
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INTRODUCTION

Groundwater is an indispensable resource
that serves as one of the source of potable
water and is utilized for agricultural,
domestic and industrial purposes. This
resource has been under threat due to
pollution (Ehirim and Ofor 2011).

Waste has been generally defined as any
material that is considered to be of no
further use to the owner and is hence
discarded (Allen, 2001). It is an
indispensable part of life that is continually
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generated as the end product of human
activities and may be solid, liquid or
gaseous. Port Harcourt like all growing
cities of the world has witnessed rapid
population growth and their attendant waste
generation hence solid wastes at dumpsite
are common in the area.

These dumpsites lack any engineering
specification and therefore the quality and
safety of soil and groundwater resources in
the area are not guaranteed. The protection
and preservation of these resources is of
paramount interest due to the fact that these
open dumps are sited indiscriminately
without regard to the nature of the soil,
hydrology and closeness to living quarters.
Poor management of waste has become an
issue that has generated a lot of
environmental concerns with regards to the
availability of potable water supply.

Groundwater pollution is mainly due to the
process of industrialization and urbanization
that has progressively developed over time
without any regard for environmental
consequences (Balogun 2010). Leachates
generation in dumpsite and the release of
pollutants from sediments (under certain
conditions) pose a high risk to the
groundwater resources if not adequately
managed (lkem etal. 2002). In recent times,
the impact of leachate on groundwater and
other water resources has attracted a lot of
attention because of its overwhelming
environmental  significance  (Akinbile,
2012).

Leachate is produced in dumpsites as
rainwater percolates through the solid waste

and transported down to the groundwater
system. Leachates contain ions that are
highly conductive and usually have
sufficient high contrast in physical
properties against the surrounding media
due to the increased dissolved salts in the
groundwater and the resulting decrease in
pore water resistivity. Hence, the
employment of electrical  resistivity
techniques in the detection of the leachate
contamination has become
popular.(Bernstone and Dahlin 1999)

Electrical resistivity geophysical method has
been widely used for groundwater
contamination studies by various workers
such as Abiola et al(2009): Ehirim and
Nwankwo (2010); Ehirim and Ofor,(2011);
and Oborie and Udom. (2014).The vertical
electrical sounding (VES)and the electrical
resistivity tomography( ERT) imaging are
useful techniques employed due to their
various capabilities.VES gives information
concerning the vertical distribution of
subsurface electrical properties which makes
them relevant in the determination of
hydrological conditions such as depths to
bedrocks, depth to water table and thickness
of soil layers (Zohdy, 1964: Rosqvist et al,,
2003). The electrical tomography has been
used to delineate groundwater contaminant
leachate plumes, contaminant source,
migration paths and depths (Grifftiths and
Barkers 1993, Abiola, 2009). The electrical
resistivity isnon-invasive and relatively
cheap when compared to other methods
employed for hydrogeological studies.
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The aim of this study is to assess the
vulnerability of soil and groundwater
resources to surface induced contamination
with the objective to evaluate aquifer
characteristics in terms of Dar- Zarrouk
parameters for the characterization of the
aquifer and overburden layers.

STUDY AREA DESCRIPTION

The study area is centered aroundthe
dumpsite in QOyigbo,in Oyigbo Local
Government Area (LGA) of Rivers State,
Nigeria.lt is delineated by latitude N04° 52°
35.8”” and longitude E007° 09° 19.9”* (Fig
1).The dumpsite is one of the oldest
dumpsites in Oyigbo  Community,
characterized by domestic and industrial
waste arising from various economic
activities in the area. Qyigbo lies within the
Niger Delta Sedimentary Basin which has
the Benin Formation as its youngest
lithostratigraphic unit (Short and Stauble,
1967). The Benin Formation consists of
unconsolidated highly porous and permeable
freshwater bearing continental sands and
gravels with occasional shale intercalations
(Reyment 1965). The Formation is the main
aquiferous layer which acts as the source of
potable water supply in the study area. The
study area is characterized by dry and wet
season with the wet season having a peak in
July. Annual rainfall is about 240cmwith an
average temperature of 25°C (lloeje. 1992).
The topography is generally flat with thick
vegetation, typical of the tropical rain forest.

The groundwater flow direction is in the
NW-SE toward the coast in line with the
regional trend in the Niger Delta. (Ehirim
and Ebeniro, 2006).

METHODOLOGY
3.1 VES Data Acquisition

The ABEM Terrameter (SAS) Signal
Averaging System (300C) and its
accessories were utilized for the VES
surveys in the study area. A total of four (4)
vertical electrical sounding using the
Schlumberger Electrode Configuration were
employed in this survey. This was
conducted for the determination of the depth
of aquifer contamination, evaluation of the
aquifer properties such as resistivity, depths,
thickness ,transmissivity and the protective
capacity of the over burden soil materials.

The maximum current electrode spread
(AB/2) of 100m and the potential electrode
(MN/2) of 10m was employed in this
survey. At each sounding a point was chosen
which allowed the spread of cables on either
side to the desired distance. The four
electrodes made up of the current and the
potential were arranged in a straight line
AMNB. Measurements were taken with
progressive expansion of the current
electrode AB and the potential electrode MN
(only moved when the potential difference
value becomes very low). At each sounding
point, the resultant field resistance (R) was
recorded from which the apparent resistivity
(pa) wWas calculated using Equation(1)
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Fig. 1: Location map of study area showing VES and ERT positions
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Where K: the geoelectric factor
AV/ | =R = Field Resistance

In evaluation of aquifer properties such as transmissivity and protective capacity of the
overburden materials, the combination of the thickness and resistivity of the geoelectric layers
were used to determine the Dar-Zarrouk parameters of Transverse Resistance (R)and
Longitudinal Conductance (S).

The longitudinal conductance (Si) was calculated using equation (2)
S1=X (hi/pi) = hi/pi+ h2/p2 +.. - hn/pn........coeeeeeernii., (2)
whereS; = Longitudinal Conductance

hi = thickness of the ith layer
pi = resistivity of the ith layer

The transverse resistance (R) for the aquifer is calculated from Equation 3.

Where hi = thickness of the ith layer in m

pl = resistivity of the ith layer in Ohm m

In an aqgquifer with «clean saturated sands, the hydraulic
conductivity 1is proportional to the resistivity of the aquifer
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(Kelly, 1977; Mbonu et al, 1991). In a condition where there is
no pump test data, the aquifer hydraulic conductivity K can be
equated to the true resistivity of the aquifer that is derived
from the geoelectric data. Based on the above,

T = kh=ph
(4)

It should be noted that the transverse resistance (R) 1in eqn.
(3) is numerically equal to the Transmissivity T (Ward, 1990).

T = R
(5)

3.2 2D Data Acquisition

The 2-D electrical resistivity tomography was engaged also using the digital ABEM Terrameter.
Two (2) profile lines (A-B)parallel to each other were carried out using the Wenner electrode
configuration.Profile lines of 100m each were occupied with electrode spacing (a) increasing
from 5m to a maximum of 30m.The apparent resistivity was calculated by multiplying
themeasured field resistance (R) and the geoelectric factor (K) using equation 6

Pa=2maR (6)

Where AM=MN =NB =a

a: electrode spacing

R = field resistance, and

K = 27a @)

The calculated apparent resistivity values were recorded and inputed using the RES2DINV
computer programme (Loke, 2004).

PRESENTATION OF RESULTS.

4.1 VES Survey
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The values of the apparent resistivity (pa) were processed using the IP12WIN automatic
software. The results of the VES data are presented in terms of true resistivity, depths and
thickness of the subsurface layers (Table 1). The results reveal a four to five geo-electric layers

Table 1: LAYER PARAMETERS OF GEOELECTRIC SECTION FOR VES (1 - 4)

VES LAYER RESISTIVITY DEPTH(m) THICKNESS DESCRIPTION OF CURVE
NO. (Om) (m) SOIL TYPE
1 43.52 1.68 1.68 Top soil
VES 2 24.83 4.61 2.93 Lateritic Sand
1 3 85.66 20.07 15.46 Sand
HA
4 239.90 - - Sand
1 55.95 1.82 1.82 Top soil
VES 39.81 4.86 3.04 Lateritic sand
2 3 140.60 26.15 23.11 sand A
4 306.90 - - Sand
1 115.00 1.89 1.89 Top soil
2 71.15 458 2.69 Lateritic sand
VES QHA
3 3 52.69 13.78 11.09 Sand
4 143.40 34.61 20.83 Sand
5 313.10 - - Sand
1 32.39 1.97 1.97 Top soil
2 77.08 4.98 3.01 Lateritic sand
VES AA
4 3 319.40 31.31 26.32 Sand
4 852.00 - - Sand
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with the following type curves: HA, QHA,
AA (Fig 2). The geo-electric sections consist
of a first layer of top soil to lateritic sand
and sand of various thicknesses. VES 1 and
2 shows a typical HA type curves
characterized by a 4 layer geo-electric
section while VES 3 is a 5 layer geo-electric
section with a QHA curve type. VES 4
shows an AA type curve. The 2" and 3"
layers of VES 1, 2" layer of VES 2 and 3™
layer of VES 3 have low resistivities at
depth range of 4.58m — 13.78m. The 2™
layer of VES 1, VES 2 and 3™ layer of VES
3 are interpreted as contaminant leachate
plume indicating contamination of the soil
and groundwater in the study area.VES 4
show  resistivities  (32.39-852.0) Qm
increasing with depth. The average water
table depth in the study area from the VES
data is 4.76m.

These results are in line with the result of
the 2-D ERT. The 2-D ERT (Fig 3and 4)
along profile 1 delineated low resistivity
zones (3.71- 53.9) Qm at surface points (5 —
40m and 52.5- 95m) with depths range of
(0.469 — 8.28)m. These zones are indicative
of contamination of the surrounding soil and
groundwater. Beneath the low resistivity
zones are zones of high resistivity (285-
481) Qm at surface points(5.0- 92.5)m with
a depth range of (6.27 — 14.6)m. These are
mapped and identified as porous and
permeable sandy layers of varying sizes and
moisture contents.

ERT along profile 2 also delineated low
resistivity zones of (< 98.8QQm) at surface

point of (5-92.5m) to a depth of over 16m,
spreading over the entire area. This indicates
contaminant leachate plume. The low
resistivities are suggestive that the fluid
within the earth materials (soil and
groundwater) are highly conductive and thus
are contaminated. This is an indication that
the soil and groundwater have been
contaminated beyond the investigated area.
Zones of intermediate resistivity (165 to 213
Qm) are sand of varying grain sizes and
thickness.

Evaluation of Aquifer properties

The computed aquifer and Dar-Zarrouk
parameters are presented in Table 2.The
transmissivity of the aquifers vary from
5.84x102 to 8.40x 10°Qm?. This means that
the soil media is highly permeable and a
high rate of infiltration and migration of
fluid within the aquifer which will enhance
the flow of contaminant into the soil and
groundwater  resources.The longitudinal
conductance ranged from 9.98 x 107 to 1.56
x 10'Siemensand values less than 1.0
Siemens indicates that overburden rock
material has no appreciable layer of
impermeable soil. This means that there will
be increased infiltration rates into the
aquifer. It is obvious that the overburden
materials have low protective capacity and
present a probable risk to the soil and
groundwater contamination.
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Fig2: Interpreted Geoelectric Model Curves for VES 1-4
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Table 2: Computed Aquifer and Dar- Zarrouk parameters of the geoelectric section.

Aquifer Aquifer Aquifer Transmissivity Protective

VES Resistivity depth thickness T (Qm?) capacity

NO pa (Qm) (m) (m) Pc
(siemens)

1 85.66 20.07 15.4¢6 1.32 x 103 1.56 x 10-
1

2 140.60 26.15 23.11 3.24 x 103 1.08 x 10-
1

3 52.69 13.78 11.09 5.84 x 107 5.42 x 10~
2

4 319.4 31.31 26.32 8.40 x 103 9.98 x 10~
2

DISCUSSION OF RESULTS

The wvulnerability assessment of soil and
groundwater resources to surface induced
contamination was conducted using VES
and 2-D ERT techniques. A total of four (4)
VES locations and two (2) 2-D profile lines
were occupied in this study. The VES data
exhibits HA, QHA and AA type curves and
generally a four to five geoelectric section
comprising of top soil, lateritic sand and
sands of varying thicknesses and moisture
content in the area. The depth to the water
table was estimated to be 4.76m from the
VES data, which indicates the proximity of
the groundwater system to the surface.

Results of VES analysis shows that the 2™
layers of VES 1, 2, 3and 4 and 3" layers of
VES 1 and 3exhibit low resistivities (24.83—
85.66)am indicating the presence of
contaminant leachate plume and at depth
range of (4.58-20.07)m in the study area.
Results show that the effect of

contamination decreases with depths in the
investigated sites and more pronouncedin
VES locations closer to the dumpsite.

There exist a close agreement between the
VES and the 2-D results at the study site.
The ERT result show low resistivity zones
along lines 1 and 2. Low and high
resistivities were mapped within and around
the dumpsite. The low resistivity anomalies
were mapped with resistivities ranging from
(3.71-98.8)m and at depths greater than
16m and at surface points(5.0-92.5)m in
the two profiles. These low resistivities
zones are interpreted as leachate
contaminant plumes in the surrounding soil
and groundwater. High resistivities zones
ranging from (285 -481) om at surface
points of (5.0 - 95) m with depths exceeding
16m were also mapped in the two profiles.
These are uncontaminated porous and
permeable sandy layers of varying texture
and moisture contents.
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Evaluation of the aquifer properties shows
high transmissivity values. These high
values suggest that the aquifer materials are
highly permeable to the movement of fluids.
This indicates that the soil and groundwater
has a high tendency of being contaminated
at the introduction of waste materials on the
surface. Results also show low values of the
aquifer protective capacity in the study. The
low protective capacities of the overburden
rock materials delineated in the study are
attributed to the absence of impermeable
rock materials which retards contaminant
infiltration.  Areas with values less than
1Siemens are referred to as poor (Henriet,
1976)and the values obtained in the study
reveal that aquifer protective capacity is
poor. This indicates potential risks to soil
and groundwater, thus making the soil and
groundwater vulnerable to surface induced
contamination.

CONCLUSION

The result of the VES and the 2-D electrical
resistivity tomography are in agreement. The
contaminant  leachate  plumes  were
delineated in both the VES and the 2-D
resistivity sections as low resistivity zones.
The result reveals that the soiland
groundwater around the dumpsite area
havebeen contaminated to depths beyond
16.7m within the aquifer. The transmissivity
of the aquifers vary from 5.84x10% to 8.40x
10°Qm?. This high value of transmissivities
indicates fast seepage of fluid into the
underlying formations. This implies that any
contaminant that migrates towards the
aquifer will be transported very fast thus

making the aquifer vulnerable to surface
contamination.

The protective capacity values ranges from
9.98 x 10%o 1.56 x 107'Siemens. The
protective capacity of the area is less than
1Siemens which are indicative of poor
protection of the over burden layers to the
groundwater system, thus rendering the soil
and groundwater vulnerable to surface
contamination.
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