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1 INTRODUCTION 
 
Dams are major engineering structures that are de-
signed and constructed with long life expectancy. 
Apart from loss of huge financial investment, other 
consequences of dam failure can be very devastating. 
Human, animal and material resources located on the 
immediate downstream side of such a failed dam are 
lost. Aquatic lives and vast irrigable agricultural re-
sources are wasted (Olorunfemi et al. 2000). Dams 
are known to occasionally fail due to a combination 
of factors include age, decaying infrastructures, engi-
neering design, defects due to poor understanding of 
subsurface geology, unsuitable construction materi-
als, construction defects and lack of monitoring or 
maintenance of the dams. 

Geophysical methods are used in pre- and post- 
dam construction phases. Pre-construction feasibility 
study entails foundation investigation (subsurface 
layer delineation, mapping of structural features such 
as faults, fractures, lithological contacts and shear 
zones) while post construction investigation exam-
ines existing dam structures such as the integrity of 

the embankment (Olorunfemi et al. 2004, Ajayi et al. 
2005). The electrical resistivity and electromagnetic 
methods are the principal geophysical methods that 
are used.  

The geophysical investigation was carried out with 
the aim of determining the structural features such as 
faults, fractures, lithologic contacts and shear zones. 
This will provide subsurface information needed for 
designing the spillway foundation structure and could 
also be used in evaluating the overall integrity of the 
dam embankments. 
 
 
2 GEOLOGY, GEOMORPHOLOGY AND 

SUBSOIL CONDITION OF THE STUDY 
AREA. 

2.1 Geology 

The dam site is located on river Owena near Ife town, 
southwestern Nigeria. The spillway embarkment axis 
trends 150/170 (whole circle bearing-WCB). The ma-
jor rock types underlying Ile-Ife area consists of 
gneiss, schists and elongated N-S trending bodies of 
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metasediments. Hornblende rich amphibolites, am-
phibole schists and ultramafites form the amphibole 
complex that occur widely in the survey area (Fig. 1). 

Pegmatites and quartz veins occur as thin bodies in 
the other rocks. Very large grains of quartz, feldspars, 
mica and tourmaline form prominent resistant bands 
in the residual clays of weathered in situ bedrocks.  
 

 
Figure 1. Geological map of the study area 

2.2 Geomorphology 

The physiography of Ife dam site area consists of 
three distinct elements, namely: residual hills and 
ridges, sediment plains and river valleys. The major 
river is Owena River, which has perennial flows with 
low level during dry season while the banks become 
flooded at the peak of the raining seasons. The flow 
direction and driving force is North-West South-East 
direction. 

2.3 Subsoil Condition 

The subsoil conditions as indicated by the field logs 
are quite similar in terms of strength characteristics 
and lithology. There are, however, differences in the 
thickness of each layer from one location to the other 
within the dam site. Nevertheless, the subsoil condi-
tion may be described based on the available data. 

From 0.0 to 1.5 m consists of dark brownish or-
ganic silty clay or dark brownish organic silty clayey 
sand with occasional gravels. This represents the top-
soil and usually contains plant’s roots and other or-
ganic materials. The layer is soft due to wetting from 
the rains and usually slippery. 

Underneath the topsoil to the weathered rock layer 
is a thick layer of firm, stiff to very stiff mottled red-
dish brown / yellowish or whitish lateritic silty sandy 
clay. The layer occurs predominantly between 1.50 m 
and 11.50 m as the case may be. NSPT values rec-
orded in this layer ranges from 7 to 42, while un-
drained cohesion and angle of internal friction ob-
tained from laboratory tests range from 4 to 120 kPa 

and 12 to 20 degrees respectively. 
The weathered rock layer (stone layer) underlies 

the silty sandy clay layer and consists of mottled clay 
with quarzitic / basaltic rock fragments. The layer is 
usually micaceous and occasionally showing the orig-
inal rock fabric. Boulders are also very frequent in 
within this layer. Underlying the weathered rock is 
sound rock with very few cracks and fractures. 

Observations from the water levels measured in 
boreholes show that the ground water varies with the 
topography and ranges from 0.48 m in BH 4 to 
16.50 m in BH 1. 

Packer Permeability tests carried out in the rock 
shows very low intake of water at the applied pres-
sures. The range of water intake per hole as observed 
from the packer tests varied from 8 to 2,581 litres.  

 
 
3 METHOD OF STUDY 

3.1 Geophysical Technique 

A Garmin e-Trex Geographic Positioning System 
(GPS) meter was used in locating the coordinates of 
the dam site. The geophysical investigation involved 
the electrical resistivity (Schlumberger Vertical Elec-
trical Sounding-VES-array method) using Geopulse 
Tiger Resistivity meter and the electromagmentic 
(EM) using WADI VLF.  

The VES involved the Schlumberger array with 
electrode spacings, AB/2 varying from 1 to 100 m. 
VES were carried out at different locations along the 
dam axis and spillway channel. Quantitative interpre-
tation of the VES curves involved partial curve 
matching and computer iteration techniques. EM 
measurements were made at every 10 m interval 
along the main dam axis and spillway channel. The 
field layouts are presented in Figure 2. The electro-
magnetic traverse (EMT) was carried out in different 
directions. At each measuring station the readings of 
raw real and raw imaginary are recorded. Also, fil-
tered real and imaginary are recorded and plotted 
against distance. The plot provides information on the 
fracture and weathered zone target. Two basic crite-
rial were used to pick conductive zones in the base-
ment rock terrain using EM (de Rooy 1986, Ehinola 
et al. 2005). These include a minimum inflection 
flanked on either side by maxima, or when the filter 
real and imaginary curves should have identical 
shapes (Ehinola et al. 2005).  

3.2 Boreholes 

A total of 21 boreholes (Fig. 2) have been drilled 
through the overburden to the top of the bedrock 
pending coring activities. Due to the peculiar nature 
of the overburden with intermittent rock boulders, at 
least four holes (BHs 1, 2 9 & 5A) were shifted a little 
bit and re-drilled before competent bedrock could be 
reached. This brings the actual number of boreholes 
drilled through the overburden to 25.  
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At BH 1, a rock boulder was encountered at 11.0 m 
and after chiselling for hours and not penetrating 
through, the hole was shifted a little to a new position. 
Similarly, at BH 2, 9, & 5A, rock boulders were en-
countered at 1.50, 7.00 & 2.00 m respectively and af-
ter chiselling for hours without penetrating through, 
the holes were shifted a little bit to new positions 
within their respective localities. From the borehole 
logs, the depth to the competent bedrock ranges from 
7.50 to 30.50 m. A site layout showing the location of 
the boreholes within the site is indicated in Figure 2. 

 

 
Figure 2. Field layout at the proposed dam site along Owena 
River 

3.3 Trial Pits 

A total of 17 trial pits have been excavated as directed 
by the client’s representative on site. The pits were all 
terminated at the required 4.0 m depth and bulk sam-
ples collected for analysis. 

None of the trial pits encountered bedrock so far 
but nine pits (trial pits 9 to 17 at Borrow pits A and B 
of Fig. 2) encountered surface groundwater while the 
remaining eight pits (trial pits 1 to 8 at both old and 
new dam axes) did not. 

3.4 Coring 

Coring activities revealed some critical lithological 
anomalies about the occurrence of intermittent rock 
boulders that were sporadically intercalated within 
the overburden. These discordances of area distribu-
tion of rock boulders were discovered in at least ten 
holes (BHs 1, 2, 3, 4, 5, 8, 9, 4A, 5A & 6A in Fig. 2) 
after the completion of Auger boring, meaning that 
the initial boring depths or rock contacts of these 
holes were apparent until we penetrated through the 
coring activities to later reach the competent bedrock. 

Hence, a total of 17 boreholes have been success-
fully cored to obtain core samples from the rock. The 
17 boreholes are namely: BH1, BH2, BH3, BH5, 
BH6, BH7, BH8, BH9, BH1A, BH2A BH3A, BH4A 

BH5A, BH6A, BH4-1, BH5-1 and BH7-1 in Fig-
ure 2. The total length of core recovered from each of 
the boreholes ranges from about 1.70 to 6.80 m.  

3.5 Permeability test 

Packer type permeability tests were carried out in the 
rock. Mechanically inflated type packers were uti-
lised in an arrangement where a manometer measures 
the water injection pressures, a litre counter measures 
the quantity of water injected and a stopwatch for tim-
ing. 

In all, a total of 51 packer tests have been carried 
out. The tests indicate relatively low permeability 
conditions at BHs 5-1, 7-1, 2A, 3A, 4A, 5A, 3, 5, 6, 7 
& 8 and relatively high at BHs 1, 2, 9, 4-1, 1A and 6A 
of Figure 2. The lugeon values ranging from 0.0 to 
249.2 Lugeon units. 

 
 

4 RESULTS AND INTERPRETATION 
 
The filtered real EM response varies from -41.9 to 
16.1 % with an average of 3 % (Fig. 3). Few local 
peak positive amplitudes (< 18 %) in profiles 2, 5, and 
8, typical of relatively conductive zones, where iden-
tified at distance 210, 160 and 60 m respectively (Fig. 
3). The actual real EM profile shows a low frequency 
S-shape anomaly typical of a near surface vertical 
contact across filtered real anomaly peaks at the pro-
files shown in Figure 3. These may not likely be po-
tential seepage zones in the study area.  

The VES curves and the geoelectric sections be-
neath the propose dam-site spillway /embankment 
axis are presented in Figure 4. The result of the sound-
ings (VES) show a system of three to four geoelectric 
layers (Table 1) with varying thickness of top soil (0.8 
- 1.4 m), clay (0.6 - 8.9 m), sandy clay (9.7 - 40.2 m) 
and weathered basement rocks (12.4 - 41.2 m). 

The topography as well as water table relationship 
with the groundwater flow direction has been evalu-
ated from the GPS data to be in NW-SE direction. 

From the geophysical survey, there was no indica-
tion of any major structural features such as faults. 
The geologic layering of the proposed dam site and 
the depths to competent bedrock at VES stations are 
presented in table 1. The 3rd and 4th layer constitutes 
the competent bedrock. Depths to the 4th layer vary 
from 12.4 - 41.2 m. 
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Fig. 3. Electromagnetic profiles along the proposed Dam Area 

 

 

 

 

 
Fig. 4. Vertical Electric Sounding (VES) Profiles along the Dam 
Axis 
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Table 1. Summary of VES interpretation for the dam axis 
VES 
No 

Layer Resistivity 
(Wm) 

Thickness 
(m) 

Depth (m) Curve 
Type 

Lithology Hydrogeological Significance 

1 93.2 0.9 0.9 KH Top Soil - 
117.1 6.3 7.2 - Clay Aquitard 
68.8 14.2 21.4 - Sandy Clay Medium Aquifer 
1027.9 - - - Weathered Base-

ment 
Probable water saturated Fissure 
present 

2 104.5 0.7 0.7 KH Top soil - 
185.1 2.3 3.0 - Clay Aquitard 
93.8 8.5 11.5  Sandy Clay Medium Aquifer 
345.7    Weathered Base-

ment 
Probable water saturated Fissure 
present 

3 112.6 1.1 1.1 KH Top soil - 
322.5 3.4 4.5 - Clay Aquitard 
94.9 11.5 16.0  Sandy Clay Medium Aquifer 
2670.5    Weathered Base-

ment 
Probable water saturated Fissure 
present 

4 109.7 0.8 0.8 KH Top soil - 
306.4 3.2 4.0 - Clay Aquitard 
120.9 13.1 17.1  Sandy Clay Medium Aquifer 
423.2    Weathered Base-

ment 
Probable water saturated Fissure 
present 

5 134.3 1.2 1.2 H Clay Aquitard 
54.3 30.4 31.6 - Sandy Clay Medium Aquifer 
212.7    Weathered Base-

ment 
Probable water saturated Fissure 
present 

 
5 CONCLUSIONS 
 
Since embankment integrity depend on the overbur-
den thickness and also on the extent of fracturing in 
the basement rock, the EM survey along the dam axis 
and spillway channel has been assessed to provide ge-
ological information on the depth as well as the extent 
of fracturing. A combined use of EM with resistivity 
has provided information on the overburden thickness 
and level of fracturing. There was no indication of 
major structural features such as faults. The compe-
tent layer is the 3rd and 4th layer. All major structures 
should be founded within these depths. 
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