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Abstract - The aim of this research work is to evaluate the 

velocities distribution and lithological changes within the 

subsurface, necessary for site characterization at a 

construction site located in the oil rich Niger Delta of 

Southern Nigeria using downhole seismic method. The 

downhole seismic survey was carried out with an offset 

distance of 3 m, at an interval of 1 m to a depth of 30 m. 

The seismic velocities which ranges from 457 m/s to 1972 

m/s for the p wave velocity, and 291 m/s to 1066 m/s for s 

wave velocity connotes that there are two layers of 

unconsolidated and consolidated sand  in the region under 

investigation. The range of Poisson’s ratio 0.16 to 0.23 

determined for the unconsolidated sand layer and 0.24 to 

0.29 for the consolidated sand layer, gave a clear 

confirmation that the region under investigation is made 

up of two lithological unit of sand, from the surface down 

to a depth of 14 m, and from 15 m to 30 m. The 

determined shear, bulk and Young’s modulus were able to 

delineate the unconsolidated and consolidated sand layers 

by registering low values down to a depth of 14 m. It is 

imperative to conclude that the area under investigation is 

characterized with two lithological units, the saturated and 

unsaturated sand layer of different elastic parameters. It 

was also recommended that proper engineering 

remediation is required to improve the strength of 

material down to a depth of 14 m, before erecting any 

structure. 
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I. INTRODUCTION 

         It is customary to carryout geophysical investigation in a 

construction site to ascertain the engineering properties 

(elastic parameter) of the geologic layers under investigation, 

which will in turn enable the engineers, determine the load 

bearing capacity of the subsurface structure. The aim of this 

research work is to evaluate the disparity in seismic velocities 

of layers and lithological changes within the subsurface using 

high resolution downhole seismic method. In that respect, 

downhole seismic survey was carried out in the oil rich Niger 

Delta of Bayelsa State Nigeria, to determine the variation in 

the seismic velocity and lithological changes within the 

subsurface.  

        The downhole seismic survey is majorly carried out with 

the energy source station at a fixed offset distance from the 

test borehole. The measurement is mainly done at consecutive 

interval with depth in a borehole using geophone or a 

hydrophone to detect the seismic p and s arrival from the 

energy source at a fix distance from the borehole. “The 

Downhole Seismic Test makes direct measurements of 

compression (P-) or shear (S-) wave velocities, or both, in a 

borehole advanced through soil or rock” [12]. “The reliability 

of down-hole test results is directly related to the quality of the 

recorded signals, which heavily relies on the care taken during 

testing procedure and interpretation” [10].  

II. LOCATION OF THE STUDY AREA 

    The site under investigation is at Yenagoa Bayelsa State, 

bounded by Latitude 4°53'43.62"N and Longitude 

6°20'35.37"E, Latitude 4°53'57.88"N and Longitude 

6°20'44.80"E, Latitude  4°53'51.79"N and Longitude 

6°21'2.49"E, with an average elevation of 18 m above mean 

sea level. The imagery map of the survey area is shown in 

figure 1 
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Figure-1: Imagery map of the survey site. Adapted from [3] 

III. GEOLOGY OF THE STUDY AREA 

       “The study area is Yenagoa in Bayelsa state, within the 

fresh water and meander belt geomorphic unit of the Niger 

Delta”, [7]. “The Formation of the present Niger Delta started 

during Early Paleocene as a result of the built up of fine 

grained sediments eroded and transported to the area by the 

River Niger and its tributaries”. “The regional geology of the 

Niger Delta consists of three lithostratigraphic units; Akata, 

Agbada and Benin Formations, overlain by various types of 

Quaternary Deposits” [9], [11], [6]. “These Quaternary 

Sediments, according to [8] are largely alluvial and 

hydromorphic soils and lacustrine sediments of Pleistocene 

age”. “The result of the overburden thickness analysis and the 

velocity distribution at the surface down to a depth of 5 m, has 

revealed that Bayelsa region is characterized with regions of 

low velocities and regions of high velocities that falls within 

the range of sandy clay” [2]. 

IV. INSTRUMENTATION 

      The major instruments used for this survey includes: 

Terraloc Mark6 Digital Seismography, Triaxial Hydrophone, 

Sledge Hammer, Base Plate, Trigger Geophone, Reel of 

Cable, Trigger Coil, Sealed Battery and Measuring Tape. 

V. METHODOLOGY (DATA ACQUISITION) 

       An offset distance, that is, the distance between the shot 

and the borehole of 3 m as was used for this survey. The test 

borehole was drilled to a depth of 30 m. The Triaxial 

Hydrophone which was assigned to the first channel of the 

Digital Seismograph was connected to the first take out of the 

reel of cable. The digital seismograph was started, and the 

hydrophone was assigned to channel 1, while the remaining 11 

channels were closed from receiving seismic signals. The 

trigger geophone was connected to trigger coil so as to trigger 

the seismograph when the shot is taken. The hydrophone was 

then lowered into the borehole starting with a depth of 0 m 

just below the surface. The seismograph was then armed, and 

a stack of 5 shot was taken, which was detected by the 

Hydrophone and recorded with the digital Seismograph. The 

recording procedure was repeated, and after each recording the 

Hydrophone was lowered to a deeper depth at interval of 1 m, 

until the depth of 30 m was sampled. The generated 

seismograms were recorded for onward processing at the 

geophysical workstation. The recording parameters are 

outlined as follows; Sampling interval 250µs, Number of 

Sample1000, Record Length 0.25s, Number of Stack 5, Data 

format SEG2, Delay Time (ms) 0, Offset Distance 3 m, Depth 

Interval 1m, Borehole Depth 30 m. 

VI. DATA PROCESSING 

       The data processing which was recorded in SEG2 format 

was imported into an appropriate geophysical software which 

was used for the analysis. Band-pass frequency filter was 

applied to remove the effect of the surface waves that will 

contaminate the p or s waves. Gain filter was applied to 

remove the effect of Geometrical spreading. The first arrival 

times were picked, for both p and s waves.  The picked arrival 

times were used in conjunction with the ray-paths to compute 

the interval velocities for both p and s waves. The interval 

velocities for both p and s waves were plotted against the 

various depth to generate interval velocity sections. The 

processed seismic traces can be found in the Appendixes. 

VII. RESULTS 

       The analyzed parameters among others include p wave 

velocity, s wave velocity, bulk modulus, shear modulus, and 

Young’s modulus. The p wave velocity and s wave velocity 

were determined down to a depth of 30 m. The result of the 

survey has shown that both the p wave velocity and s wave 

velocities increases with depth in the region under 

investigation. The velocity ranges from 457 m/s to 1972 m/s 

for the p wave velocity, and 291 m/s to 1066 m/s for s wave 

velocity. The very low range of p wave velocity values of 

between 457 m/s to 907 m/s within the first 14 m depth, gave 

a clear indication that the overburden material, is possibly 

composed majorly of unsaturated loose sand base on the 

velocity values [5]. This layer is underlain with consolidated 

and saturated sand layer base on the seismic velocities, which 

ranges from 1003 m/s to 1972 m/s, [1], down to a depth of 30 

m. The Interval Velocity plots for both p waves and s waves 

velocities, (Fig. 2 and 3), also collaborated these results by 

showing a level of uniformity at the onset of the of both plot, 

and the registering of p wave values of less than 1400 m/s 

before 14 m depth. The range of Poisson’s ratio which is 

between 0.16 and 0.23 for the overburden down to a depth of 

14 m, is a confirmation that it made up of loose sand, after [4], 

and the range of Poisson ratio for the consolidated layer which 
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is between the range of 0.24 to 0.29 is an indication that 15 m 

to 30 m depth is characterize by relatively dense saturated 

sand layer. Table 1 shows the value of offset distance, Depth, 

depth interval, the ray paths, and ray path interval that was 

used for the data acquisition. Table 2 illustrate the arrival time 

of p and s waves seismic signal with depth. A critical 

examination of table 3, indicates that the bulk modulus which 

is a measure of resistant to compression, shear modulus which 

is the ability of a material to resist transverse deformations  

and Young's modulus which measures the stiffness of a solid 

material experience a transition in value at a depth of 14 m, 

changing from values associated with loose unsaturated sand 

to values of dense saturated sand at a depth of 15 m to 30 m, 

with a difference of  108𝑃𝑎 for each parameter at the 

transition depth of 14 m and 15 m, which is a clear 

demarcation of overburden layer of loose unsaturated sand, 

and consolidated layer of saturated sand. It became obvious 

that the overburden layer which is characterized with loose 

sand layer will require some level of engineering remediation 

to improve the mechanical property, the shear strength and the 

compressive strength before putting up any structure at the site 

under investigation. 

TABLE-I 

Acquisition Parameter; Offset, Depth, Depth Interval, Raypath 

and Raypath Interval 

 

        

TABLE-2 

Depth, Picked Arrival Time for P and S Waves, P Waves Interval 

Time and S Waves Interval Time 

 

TABLE-3 

P Waves, S Waves and Elastic Parameters 
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Figure-2: P wave interval velocity plot for downhole  survey 

 

Figure-3: S wave interval velocity plot for downhole survey 

VIII. CONCLUSION 

       The high resolution downhole seismic method was able to 

identify two lithological units of sand layer base on their 

seismic velocities values. The range of Poisson’s ratio 

determined for each layer also gave a good confirmation of the 

two lithological layers of sand from the surface down to a 

depth of 14 m, and from 15 m down to 30 m. The determined 

shear modulus, bulk modulus and Young’s modulus also 

showed a general increase with depth. These parameters were 

able to delineate the interface between the saturated and 

unsaturated sand layer at a depth of 14 m, with a difference of 

108𝑃𝑎 for the values at the interface. It is essential to 

conclude that the area under investigation is characterized 

with two lithological units, the saturated and unsaturated sand 

layer of different elastic parameters. It was also recommended 

that proper engineering remediation is necessary to improve 

the strength of material down to a depth of 14 m, before 

putting up any structure.  
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APPENDIXES 

Thirty one Seismic Traces generated from the surface 

0 m depth to a depth of 30 m, arranged side by side in 

consecutive row of three each. 
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