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Abstract

Geodynamics is the study of the forces and their effects on motion and phys-
ics of the processes and the phenomena attending the steady evolution of the
earth and the changes that are still going on. This study revealled the signi-
ficance of electrical resistivity method on effect of geodynamic activities on an
existing Dam monitoring at Ojirami Dam, Edo State, Nigeria. The electrical
resistivity method involved three techniques: 2D Electrical Resistivity Tomo-
graphy (ERT), Vertical Electrical Sounding (VES) and Horizontal Profiling
(HP). 2D ERT using Dipole-Dipole electrode array with inter-station separa-
tion of 5 m and an expansion factor that varied from 1 to 5 with Nine (9) VES
were carried out using Schlumberger array with current electrode spacing
varying from 1.0 to 65.0 m and HP using Wenner array with an electrode
spacing of 20 m and electrode movement at 5 meters. The 2-D imaging (Di-
pole-Dipole) gave information on the subsurface characteristic which section
delineated five major geologic layers comprising of the topsoil, weathered
basement, fractured zone, partly fractured basement and the fresh basement.
The geoelectric sections identified three to four geoelectric/geologic subsurface
layers along the traverse. The HP revealled the pattern of resistivity variations
within the subsurface. The entire results correlate well with one another
showing that all the techniques used were complemented. The combination
of these techniques has proved effective and useful in geodynamic activities of
the existing dam. Ojirami Dam is at a critical point of yielding to activities of
geodynamic processes that may occur from the main axis, of major weak
zones as observed between 75 to 95.00 m and 115 to 145.00 m. Hence, there is
need to call government attention for further confirmatory test using other
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geophysical methods and subsequently putting in place remedial measures to
prevent its future occurrence.
Keywords

Periodic Monitoring, Seepage, Dipole-Dipole Pseudo-Section,
Geoelectric Section

1. Introduction

Ojirami dam foundation stone was laid on the 26th of March 1971 and was
commission on 20th of January 1974. The dam was constructed across River
Onyami which flows into River Ose Akoko-Edo region. On 30th August 1980,
the Ojirami dam failed and inundated the Akuku and Enwan communities
(Lukman et al., 2011). Before its reconstruction between 1980 and 1982, Ojirami
Dam caused a very devastating setback in 1980. It swept part of Akuku commu-
nity and other neighboring communities in the same local government. The
source of water supply to the Dam is traceable to a big lake and other tributaries
from the Kukuruku Mountain. It is located between Akuku and Ojirami com-
munities in Akoko Edo local government area of Edo state. Ojirami Dam was
constructed for the purpose of domestic, agricultural and industrial water supply
to the neighbouring communities. A Dam is artificial lake fashioned to reserve
water for a specific purpose. Dams can generally be divided into two groups:
storage reservoirs designed to permanently impound water and single-purpose
flood control structures designed to impound water for short duration of times
during flood events. The reservoir is aging, with evidence of situation but rela-
tively free of any anthropogenic activities. Geodynamic is a process that con-
stantly and continuously taking place with time arising from stress and strains,
temperature variations, internal and external pressure and gradual earth move-
ment results from weathering, cracks, joining, fracturing and faulting (Isogun &
Adepelumi, 2014). Site investigations for existing dams require satisfying often
conflicting objectives: the need to obtain information about the structure and the
need to preserve its integrity. Most earthen dam failures are the result of seepage
and internal erosion. Hence, early detection of seepage zones can help ensure
that aging dams are properly maintained and that failures as a result of seepage
are averted (Ogilvy et al., 1969; Foster et al., 2000; Ikard, 2013). Several of those
dams as the earthen dams around the world unfortunately suffer from common
filtration or leakage problems. Water leakage in dam almost occurs either
through the bedrock of dam’s lake or through the dam body foundations. The
geological and tectonic features such as faults, fractures and karstic features are
the main factors of the leakage causes in earthen dams (Boleve et al., 2011; Be-
drosian et al., 2012). Seepage through a dam is a slow discharge or escape of liq-
uid that is supposed to be retained in the reservoir, through conduits (frac-

ture/fault lines) to the flank of the dam. It reduces the expected quantity of wa-
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ter, weaken dam construction and damage dam gates. Certain soil can swell if
they get saturated with the seeping water and when there is loss of water in
them, they shrink drastically. These expansions and shrinkages of soils can result
to cracks and collapse of the dam. Seepage is one of the major reasons for em-
bankment dam failures and may constitute a significant potential social disloca-
tion (displacement of people, loss of valuable life and properties) if not examined
(Olasunkanmi et al., 2018). Usually the cost of rebuilding a failed dam can be
exasperating and absence of water supply may hamper the objective(s) of dam
construction. Modern geophysical techniques in this context are considered as
an effective tool in dam’s water leakage investigations. Recently, Electrical Resis-
tivity method becomes one of the main geophysical methods wildly employed in
hydrogeology and earth sciences applications. This technique has proven its per-
formance in detecting the leakage path ways occurring in earthen dams through
numerous works around the world (Zhu et al., 2011; Thompson et al., 2012;
Ikard et al., 2014). Therefore, this research aims at post construction monitoring
of Ojirami Dam, Edo State, Nigeria with a special focus on the status of the
structural trends, setting in term of its integrity and to raise awareness towards

environmental safety in the area of periodic monitoring of existing Dams.

Description and Geology of the Study Area

Ojirami dam (Plate 1) is located in Ojirami-Dagbala village, 5 km east of Igarra
town in Akoko-Edo Local Government area in the Northern part of Edo State,
Southern Nigeria It lies within latitude 7°17'52.41"N and longitude 6°9'10.72"E.
The western and eastern flank of the dam site is gently undulating along the tra-
verses, with both sides sloping towards the river channel. The dam and spillway
axes are oriented in WSW-ENE while the river flows in the NNW-SSW direc-
tion. The height of the dam is 3.9 m with a storage capacity of 45.3 million-m’,
the dam is intended to provide municipal water supplies sixteen adjoining
communities in Akoko-Edo which include: Ojirami (Ojirami Petesi, Ojirami
Afekunu), Dagbala, Uneme-Eturu, Akuku, Enwan, Igarra, Okpe, Ugboshi, Ibillo,
Uneme-Osu, Ojah, Ayetoro, Makeke, Ososo, Uneme-Aruru, Uneme-Enekwa at
an output capacity of 24 hours per day, at the construction of the dam. It is also
intended to provide irrigation services to the adjoining farmland in dry seasons.
Ojirami dam is in Igarra Schist belt which is underlain by the crystalline base-
ment complex of southwestern Nigeria. It is described by Odeyemi (1988) as a
polycyclic terrain which contain some of the oldest rocks in West Africa. The
Igarra schist belt belongs to the younger metasediment and it trends NNW with
a length of 50 km and in the west is joined to the NW trending Owo belt. It is
underlain by porphyritic-granite and quartzites.

2. Research Methodology

Two traverses of about 170 m were established in an approximate E-W direction
(Figure 1). It was considered on the basis of two flanks made up of the main

dam axis and its extension refers to as traverse 1 and transverse 2 respectively.
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Plate 1. Ojirami dam.
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Figure 1. Data acquisitions map of the study area.

The main dam axis cover a distance of 250 m on transverse 1 on which 200 m
was considered as major point of interest. While the transverse 2 (extension)
covering a distance of 100.00 m was also considered. Measurements were carried
out east to west on the basis of eastern flank and western flank of the dam axes.
In this case, the eastern flank is considered as the extension.

The electrical resistivity method utilised 2D Electrical Resistivity Tomography
(ERT), the Vertical Electrical Sounding (VES) and the Horizontal Profiling (HP)
techniques. 2-D electrical imaging of the subsurface was obtained using di-
pole-dipole configuration. The inter-electrode spacing of 5 m was adopted while
inter-dipole expansion factor (n) was varied from 1 to 5 to determine the lateral
and vertical variation in apparent resistivity of the subsurface beneath the two
established traverses. The dipole-dipole array places the A and B electrodes to
one side with a spacing between them denoted as “a”. The M and N electrode
pair with equal a-spacing are placed collinearly a distance “na” away from A and
B. A distance equal to an integer multiple of “a” is denoted “na”. As measure-
ments are taken at various n’s, that is, the pairs of electrodes are moved apart, a
sounding is obtained. If the electrodes are moved across the surface, a profile of
comparative values is generated. Thus the dipole-dipole method produces a
combination sounding-profiling set of data if measurements are taken at various
values of n along a profile. Figure 2 depicts dipole-dipole configuration includ-

ing electric field lines and resultant equipotential surfaces (Ogungbe et al.,
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Figure 2. Dipole-dipole configuration, including electric field lines (solid) and resultant
equipotential surfaces (dashed) (Modified from Ogungbe et al., 2010).

2010). Apparent resistivity applying dipole-dipole array can be written in the

form:
P, :{ﬂ'n(n+l)(n+2)a}(¥j (1)

where A Vis the potential difference and 7is the electric current.

The VES involved the use of Schlumberger array. Nine (9) sounding stations
were occupied along the two established traverses, and the current electrode
spacing (AB/2) was varied from 1 to 65.00 m. This can be attained by passing
electrical current into the ground through the current electrodes A and B and
the resulting potential difference will be measured through the other two poten-
tial electrodes M and N. Four electrodes are placed along a straight line on the
Earth surface in the same order; A M N B (Figure 3). The separation between
the potential electrodes is kept small compared to the current electrode separa-
tion usually with AB > 5 MN. For any linear symmetric array A M N B of elec-
trodes, the apparent resistivity (p,) applying Schlumberger array where AM is
the distance on the Earth surface between the positive current electrode A and
the potential electrode M. When two current (/) electrodes A and B are used and
the potential difference (A V) is measured between two measuring electrodes M
and N, the apparent resistivity can be written in the form:

p, =NV [ 1%[((4B/2)2~(MN/2)2)/MN | or pa = zKAV/1 )

The horizontal profiling utilising Wenner electrode configuration of station
separations and electrode spacing of 20 m and 5 m respectively were used for
both traverses. This is a co-linear array in which all four electrodes are arranged
in a straight line with the potential electrodes (C, D) inside the current elec-
trodes (A, B) (Figure 4). This inter-electrode spacing (a) is constant and all elec-
trodes are moved simultaneously when resistivity measurements are being ac-
quired (Ozegin & Oseghale, 2012). The apparent resistivity applying Wenner

array can be written in the form:
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Figure 3. Schlumberger configuration (modified from Ozegin & Oseghale, 2012).
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Figure 4. Wenner configuration (Keller & Frischknecht, 1996).

p, =2raAV/I (3)

where: p, is the apparent resistivity, 277a is the geometric factor (K), AV is the
potential difference and I is the electric current.

Resistivity values were obtained by using the R50 resistivity meter. The di-
pole-dipole data were inverted into 2-D subsurface images using the DIPPRO™
4.0 inversion software (Dippro for Windows, 2000). In order to process the elec-
trical resistivity data, the apparent resistivity values were plotted against the
electrode spread (AB/2). This was subsequently interpreted quantitatively using
the partial curve matching method and computer-assisted 1-D forward model-
ing with WinResist 1.0 version software (Vander Velpen, 2004). While the hori-
zontal profiling data were plotted on excel work sheet. The results from the three
techniques were integrated in order to determine the consequences of the diffe-

rential settlement and their degree of correlation.

3. Results and Discussion

The results of the study were presented as pseudosection, Sounding curves,

geoelectric sections and graphs.

3.1. Dipole-Dipole Pseudosection

3.1.1. The Main Dam Axis (Western Flank) along Transverse 1

The 2D imaging of this flank (Figure 5(a)) revealled three (3) distinct structural
features that are of major interest which were considered as zone A, zone B and
zone C respectively. The zone A of this flank is considered to exist from 1 to
75.00 m. The information obtained from this zone indicated the presence of a
competent basement rock occurring from near surface with increasing bedrock
competence with depth from a distance of 1 to 45.00 m while between 45 to
75.00 m, a structural features was observed, a near surface weak zone underlain
basement material in form of a dyke resting upon weathered basement materials

of lesser competence. From this zone, presence of structural defect were noticed,
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Figure 5. (a) Dipole-Dipole Pseudosection of the main dam axis (western flank) along transverse One; (b) Dipole-Dipole Pseudo-
section of the dam extension axis (Eastern flank) along transverse Two.

that overtime may bring about rapid and continuous weathering activities,
which may subject the stability of the Dam into a precarious situation.

Zone B of the main Dam axis covers a distance of 20.00 m (75 to 95.00 m). A
structural feature indicative of a major structural trend was observed. The weak
zone manifested from the near surface to a depth of about 25.00 m and beyond.

This implication of this weak zone is very significant to this study, considering
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the fact that seepage, age of the Dam coupled with the dynamics of temperature
and pressure. The increasing tendency for weathering activities that may allow
for continuous seepage and further weakening of the Dam, can possibly expands
the weak zones along the Dam axis in a rapid and dynamic process in such a way
that may bring about future failure.

In zone C, structural trend of interest with three distinct features were also
observed. Near surface competent materials that occurred from the surface to a
depth of 5.00 m, followed by weathered layer materials whose layers competency
increases with depth especially between 100 to 115.00 m and towards the end,
between 140 to 180.00 m. However, towards the centre of this zone, i.e. between
115 to 145.00 m, another major anomaly of interest was observed forming dyke
like or Dome like structure. The resistivity parameters of this area indicated that
the weakness of this area increase with depth from the near surface of about 3 m
and the information obtained from this part of the study area indicated the
presence of a major weak zone suspected to be a fracture occurring at a depth of
about 20 m.

3.1.2. The Dam Extension Axis (Eastern flank) along Transverse 2

Three major structural features were observed from the 2D imaging on this flank
(Figure 5(b)) near surface features: a near surface feature was observed at be-
tween 12 to 18.00 m, 52 to 78.00 m and 86 to 95.00 m occurring to a depth of 0.8
to 5.00 m. This weak zone may not constitute any major treat to the dam’s exis-
tence, since it is a very near surface weak zone, not majorly distributed and can
only allow for pocket of near surface water run way especially during rainfalls.
The second structural feature that was noticed occurred between 5 to 50.00 m.
This zone is partly weathered especially from the near surface to depth between
8 to 10.00 m, is considered as partly competent or resistive, as the resistivity pa-
rameter indicated that the resistance of the underlying rock increases with depth.
Furthermore, the third structural feature that was observed along this flank oc-
curred at a distance between 51 m to the end of this flank. This zone of the dam
extension were noticeable three distant features, i.e. a near surface porous or
weak zone, partially 5 m, underlain by a competent fresh basement; there are no
major structural feature that may constitute source of concern either now or in
the near future from this flank of the dam (extension) in view of the information

obtained from the geophysical investigation.

3.2. Vertical Electrical Sounding

3.2.1. Characteristic of the VES Curves
Curves types identified ranges from H and KH varying between three to four
geo-electric layers. The H curve type predominating. Typical curve types in the

area are as shown in Figure 6(a) and Figure 6(b).

3.2.2. Geoelectric and Lithological Characteristic along the Two
Traverses (Western and Eastern Flank)

The geoelectric sections were represented by the 2-D view of the geoelectric
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Figure 6. (a) Typical H sounding curve; (b) Typical KH sounding curve.

parameters (depth and resistivity) derived from the inversion of the electrical re-
sistivity sounding data. The geoelectric section along Traverse 1 (Figure 7(a))
correlates the geoelectric sequence across the study area. The geoelectric sections
identified four geoelectric/geologic subsurface layers. The topsoil comprising of
clayey sand, sandy clay and sand with the resistivity values ranges from 272 to
820.00 Om with its thickness varies from 1.0 to 3.20 m, the lateritic layer resis-
tivity values range from 389 to 660.00 Om and thickness ranges from 3.7 to
13.00 m while the weathered/fractured basement resistivity varies from 101 to
278.00 Om with its thickness varies from 3.20 to 24.00 m. The fresh basement
has a resistivity values ranged from 580 to 860.00 Qm with depth to basement
ranging from 9 to 24.00 m.

On Traverse 2 (Figure 7(b)) along Eastern flank, four subsurface geologic layers
were also delineated along this traverse. From the geoelectric section, the top soil,
weathered layer and fractured/fresh basement were determined. The topsoil com-
prising of clayey sand sandy clay and sand with the resistivity values ranges from
169 to 349.00 Qm with its thickness varies from 1 to 1.40 m, the weathered layer
resistivity values range from 25 to 116.00 Qm and thickness ranges from 3.7 to
4.90 m while the fractured basement resistivity varies from 450 to 2018.00 Qm
with depth to basement ranging from 3.7 to 4.90 m.

3.3. Horizontal Profiling

3.3.1. Horizontal Profiling of Main Dam Axis along Traverse One
In addition to the Dipole-Dipole measurement, Wenner profiling was carried
out along traverse one which cover a distance of 180 m with electrode spacing a

= 20 m and electrode movement at 5 m. Figure 8(a) illustrates two zones of
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Figure 7. (a) Geoelectric Section of the main dam axis (western flank) along transverse
One; (b) Geoelectric Section of the dam extension axis (Eastern flank) along transverse

Two.

major anomaly with resistivity reducing from 600.00 Om to as low as below
100.00 Om between 80 to 90.00 m and between 120 to 140.00 m which effective-
ly correlation with the information obtained from the 2D imaging of this main

flank of the Dam axis.

3.3.2. Horizontal Profiling of Dam Extension Axis along Traverse Two

A lateral resistivity profiling was also carried out at the flank of the Dam exten-
sion covering a distance of about 100.00 m and taken along East to West orien-
tation (Figure 8(b)). The information obtained also revealled that except for a
distance between 0 to 20.00 m which has a resistivity of about 100 Qm at a 200
m, all area beyond this point along the profile reveals some level of stability and
layer competency as resistivity remain high from about 350 to 450.00 Qm
throughout the rest of the study area. This also showed effective correlation with

information obtained from the 2D imaging of this flank of the Dam.

4. Synthesis of Results

Figure 9 displays the correlation of result obtained from the geophysical tech-
niques. The Wenner profiling observed at a distance 80 to 90.00 m and 120 to
140.00 m demonstrated weak zones with apparent resistivity value ranging from

90 to 100 Om which coincides with the low resistivity zones observed on the
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Figure 8. (a) Horizontal profiling of the main dam axis (western flank) along transverse
One; (b) Horizontal profiling of the dam extension axis (Eastern flank) along transverse
Two.

dipole-dipole pseudo-section at a distance between 75 to 95.00 m and 115 to
145.00 m. This also coincides with the geoelectric section at a distance 50 to
140.00 m along the main dam axis (western flank). From the eastern flank (Dam
extension) the Wenner profiling has a low resistivity varying from 100 to 200.00
Qm at a distance between 0 to 20.00 m which coincides with the pocket of low
resistivity zone observed on the dipole-dipole pseudosection between the same
ranges and also with geoelectric section. But beyond this point along the dam
extension reveals some level of stability and layer competency as resistivity re-
main high from about 350 to above 450 Qm throughout the area which also
coincides with dipole-dipole pseudosection and geoelectric section. These results
reveal that the electrical resistivity techniques used for this study are compli-

mentary.

5. Conclusion

The study has revealled the significance of electrical resistivity method on effect
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Figure 9. Correlation of Dipole-Dipole pseudosection, geoelectric section with horizontal profiling along Traverse one (Western
flank) and Traverse two (Eastern flank) of the study area.

of geodynamic activities in Dam monitoring design investigation. Geophysics,
consequently, remains a very fundamental tool which can be applied in civil en-
gineering works. It’s imperative that the geodynamic of the Dam may be consi-
dered to be in serious danger owing to the fact that the existence of a major weak
zone has been established along the main Dam axis and over time, this is ex-

pected to widen up as a result of stress and strain, temperature variation, inter-
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nal and external pressure, river and sea rise and many a time gradual earth
movements resulting from weathering, cracks, joining, fracturing and faulting.
Therefore, Ojirami Dam could have experienced any of these processes as the
zones of major weakness observed from this study may not have existed forty
five years ago when the Dam was constructed to meet standard. If the weak
zone existed, it could have been negligible in nature and sudden change in the
structural trend may be attributed to a major weak zone after forty five years.
There is the need to carry out periodic monitoring test of this nature at least
once in every forty to fifty years over existing major structures such as bridge,
high rise buildings and major Dams. There is no doubt that Ojirami Dam is at a
critical point of yielding to activities of geodynamic processes that may occur
from the main axis of major weak zones as observed between 75 to 95.00 m and
115 to 145.00 m. Hence, there is a need to call Government attention to this, for
further confirmatory test using other geophysical methods and subsequently
putting in place remedial measures to prevent its future failure. This research is
also intended to stimulate further interest on the effects of geodynamic activi-
ties in the basement complex region of Nigeria, especially as it affects struc-
tures/foundation given the spate of structural failures.
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