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ABSTRACT

The problem of datum correction in seismic survapsl the failures associated with civil engineering
structures with specific reference to roads anttings has been attributed to lack of understandintpe
soil structure among others. This is why this syrga downhole seismic refraction was conducted from
nine borehole locations in Escravos, Nigeria t®deaine the weathered layer characteristics of tha.dn
carrying out this study, the McSeis 160MX instruingas employed in recording data obtained fromta se
of hydrophones arranged in a definite manner imaddhe boreholes. The data were analysed grdphica
by using the seismic refraction interpretation tégbes. Results of interpretation indicate thatubcity

of the weathered layer ranged between 454 and 538ahwith an average value of 495 m SecThe
results also revealed that the depth of the weathkyer ranged between 2.91 and 4.41 m with aragee
value of 3.68 m. Analysis of the results revealet the depth and velocity of the weathered layersased
downward towards the southern part of the studg.arhis is an indication that the weathered lajeped
downward to the south. It is recommended that stootseismic survey should be located at a depth4it

m to eliminate the effects associated with the \@ocity layer. It is also recommended that coregiom of
heavy buildings and roads especially bridges shbalke their foundations laid to a depth of 4.41am t
enable the infrastructure sit on the consolidadge.
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1. INTRODUCTION geology and rock quality because of its high retsmhu

The weathered layer of bedrock is described as th and accuracy (Abdul-Nafiet al., 2013; Anomohanran,

shallow surface layer composed of unconsolidatedeZOlga)' At relatively smaller scale, this methodaiso

materials such as soil, sand and gravel. It isapplied to the search for groundwater as well as in
heterogeneous in composition and is characterigadvp ~ environmental and civil engineering investigations
seismic velocity which account for the delay expeced  (Anomohanran, 2013b; 2013c; Asey al., 2012). This

in travel time of the seismic wave (Uka al., 2012; method is known to provide detailed information abo

Kolawole et al., 2012; Kar and Berenjian, 2013). The the subsurface layers including the geomechanical
weathered Iayer_is also characterised by high jitgros properties of the formations (Chiemeke and Aboh,
lack of cementation, low pressure and low bulk moslu 5415y The techniques employed in the determination

All of these properties account for the very low of geological structure and rock velocities areheit
compressional and shear wave velocities observéitein 9 9

layer. The base of the weathered layer can bereefgo ~ 'efracting or reflecting waves off the boundaries
as the interface between the weathered layer andetween rock units having different seismic
consolidated layer. characteristics.

Seismic method of geophysical investigation is  The seismic refraction under which downhole survey
usually used to investigate the earth stratigrapsitg falls is used to investigate the properties of the
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subsurface. This is done by generating arrival tand (Varugheseet al., 2011; Chiemeke and Aboh, 2012).
offset distance information to determine the patid a Another important use of estimated shear wave utésc

velocity of the elastic disturbance in the groufde in geotechnical design is in the liquefaction assemnt
theory is that the rays are refracted across layerof soils (Teachavorasinskehal., 2009).
boundaries where there is a difference in the ptigse The area under study is an oil rich location witlota

of the formations. The critically refracted sigmadvels  of seismic surveys and engineering constructionaggo
down through the different layers before returriragk on in the area. It is therefore important to untderd the
to the surface to be successfully detected byitteedf characteristics of the soil structure hence thigl\stto
geophones (Anomohanran, 2012). _determine the weathering layer characteristics imeso
Uphole and downhole seismic refraction studies are/mportant.
the most important and commonly used techniques for
studying the features of the low velocity layer 2. MATERIALSAND METHODS
(Alaminiokuma and Amonieah, 2012). These two
techniques are useful in delineating the near sarfa
velocities, depths and thicknesses of the layerthén The area under investigation named Escravos is
vertical direction (Alaminiokuma and Amonieah, 2012 located in the Niger Delta Basin and situated along
Gabret al., 2012). The velocity data obtained from these !0ngditude 5.55 and 5.59° east and latitude 5.61568°

techniques are used in determining the geology anor'orth Q:_ig. 1). The area is _characte_:rised by an upward
regressive sequence of tertiary sediments thatresegd

seismic response of a particular site. The raw dataover passive continental sediments. Three major

acquired from a downhole study are the travel times  seagimentary cycles have occurred in the Niger Delta
compressional and shear waves from the sourceeto thstryctural basin since the early Cretaceous. The

geophones and the distance between the source arglibsurface stratigraphic units associated withciraes
geophones (Ayolal#t al., 2009). are, the Benin, the Agbada and the Akata formations
In the case of a downhole survey, a seismic sagrce (Ofomola, 2011; Akpoboriest al., 2011). The Benin
used to generate a seismic signal at the grourfdcgur formation is about 180_Om deep and consists esﬂynj[ia
offset horizontally from the top of a cased borehol of loose and ur_lconsolldated sands. The sand aatestit
while downhole receivers are used to detect tHeawof ~ adout 90% while the shale/clay makes up only about

the seismic wave train. The receivers are usuddgeul 10%. The sanpl in the Benin formation is made ufne
0 coarse grain and gravel and are also poorlyedprt

at selected test depths in a borehole. The methc’(iub-angular to well-rounded and contains ligniteadts

involves connecting the source and the receivera to and wood rubble (Akpoboriet al., 2011). The Agbada
data recording system that records the respons@eof  formation underlies the Benin formation and it detss

downhole receivers when a seismic signal is irtiat of intercalations of shale and sandstone litholeginhe
The seismic signal could be created by explosives,Agbada formation is the main reservoir rock of tasin
hammer, weight drop, or some other equivalent ndsho while its shale layers as well as those of the dyithg
for sending impulsive energy into the ground (Igome  formation serve as the source rocks (Kolaweleal.,
and Ohaegbuchu, 2011; Aseyal., 2012; Anomohanran, 2012). The Akata formation is significantly made afp

2013a). Detectors which are laid out at regulaerirls ~ Shale with sand constituting only about 10%. Tralesfs
are used to detect the first arrival of the encagyl understood to be over pressured and under-compadtted

measure its time. The records are plotted in tils&dce is rich in hydrocarbon and constitutes the soue for

graphs from which the velocities of the differeayédrs hydrocarbon (Gfomola, 2011).
and their depths are estimated. 2.2. Field Operation

. Geophysicists use these weathered Iaygr parameters L. study to investigate the velocity and depthhef

in the design of receiver source arrays for fieléing  \eathered layer in Escravos was carried out at nine
purposes (Ukeet al., 2012). These parameters are usedgyrvey points as shown Fig. 2. In each of the survey

in the analysis of soil behaviour under static and points labelled A, B, C, D, E, F, G, H and |, a éwle
dynamic loads. The elastic constants obtainedrgrati  was drilled to a depth of about 62 metres. Plastgings
variables into the models defining the differerttas of  made up of 6 inch PVC pipe were installed in thke lto
deformations such as elastic, elasto-plastic afldréa  prevent it from collapsing.

2.1. Location and Geology of the Area
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Fig. 3. Schematic diagram of downhole technique

Eleven hydrophones spread across a string at defineway travel time against the transverse distancehef
intervals were lowered into the boreholes to aldeft  seismic signal.
60 metres. This was held in position by fixing atahe In determining the transverse distance travelled by
load at the end of the string. The hydrophones werethe seismic signal to the hydrophone, the schematic
linked with an electrical cable to the recording giagram of a cased borehole as showrFig. 3 was

irlstrlémtent. An fo;fset 2}9'& Ofbabor‘:tll m d_et:_ep WM(; considered. The transverse distance ‘Y’ was evetlay
at a distance of 5 m off the borehole position kadle considering the following parameters:

with 0.1kg dynamite charge. The charge was detdnate
and the signals generated were picked up by the . . .
hydrophones in the downhole and were recorded by a The elevation of the ground surface in contact with
McSeis-160MX recording instrument. The diagram the energy_source,SE
showing the operational description of the fieloqess °*  The elevation of the top of the hydrophone borehole
is as shown irfrig. 3. H

The one-way travel time was recorded at different® The depth of the hydrophone to the surfage D
depths in order to build up a continuous profileeTata ¢ The horizontal distance between the energy source
obtained were interpreted graphically by plottihg bne and the borehole, X
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Hence the distance transverse by the seismic sigasl According toFig. 4, t; is the intercept of the second
obtained in this study by using the relation agesged by  segment of the straight line graph. The depth ¢obifise
Equation (1): of the weathered layer was determined from the line
. intercepts @ of the time axes using the relation as
Y =[(Eq—E, +D,)? +X?? (1) expressed by Equation (2) Anomohanran (2013a):
Using equation 1, the velocity of the layer can be 7= UiV, @)

obtained by dividing the distance ‘Y’ by the travel 2 /vg—vf
time. However, in this study, the travel time was
plotted against the computed transverse distance t({Nh )
obtain a profile from which the velocity was e_re.
determined. The schematic description of a two laye Z = The depth of the weathered layer
time depth 'curve is as shown kig. 4. UsingFig. 4 Vi =The veloc3|_ty of the weathen_ed layer .
. . R C V. = The velocity of the underlying consolidated layer
the slope of the first straight line portion of theaph and
gives 1/y while the slope of the second portion gives t, = The intercept on the graph
1/v, where V is the velocity of the first layer and,\s
the velocity of the second layer. The velocitiestlod 3. RESULTS
various earth layers were computed from the slolpietw
shows that the reciprocal of the slope of the lower The arrival times of the first break and the
segment of the curve equals the weathered layeciel  hydrophone positions for all nine survey points is
while that of the upper segment gives the velooftyhe presented as shown ihable 1. This data was used in
underlying consolidated layer. plotting the time-distance curves as shownFig. 5.
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Table 1. Data recorded from the refraction survey
Arrival time for various locations (msec)

Receiver

depth (m) A B C D E F G H I

1 11.23 11.04 10.51 10.67 10.00 9.90 9.71 10.41 7 9.5
3 12.84 12.62 12.02 12.20 11.43 11.32 11.11 11.90 0.941
5 20.70 18.87 17.20 21.38 15.88 18.23 20.87 21.41 8.571
10 23.42 21.59 19.93 24.11 18.61 20.96 23.60 24.1421.30
15 26.50 24.67 23.01 27.19 21.69 24.04 26.68 27.2224.38
20 29.70 27.87 26.21 30.39 24.89 27.24 29.88 30.4227.58
25 32.94 31.11 29.45 33.63 28.13 30.48 33.12 33.6630.82
30 36.21 34.38 32.72 36.90 31.4 33.75 36.39 36.93 4.093
40 42.79 40.96 39.30 43.48 37.98 40.33 42.97 43.5140.67
50 49.40 47.57 45,91 50.09 44.59 46.94 49.58 50.1247.28
60 56.02 54.19 52.53 56.71 51.21 53.56 56.2 56.74 3.906

Table 2. Interpreted results for the nine survey locations

DH Thickness of weathering layer (m) Velocity ofatleering layer (m sé%  Velocity of consolidated layer (m s&c
A 3.70 454 1482
B 3.33 462 1482
C 3.09 485 1480
D 4.10 478 1480
E 291 510 1480
F 3.59 515 1480
G 4.41 525 1480
H 4.22 490 1480
| 3.83 533 1480
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The intercept of the second segment of the stréiighis Amonieah, 2012). This shows that the thickness and
used in estimating the thickness of the weatheagdrl  velocity of the weathered layer obtained in therent

using equation 2 and the result of the interpretati study, falls within the range obtained by Alaminioka
presented aable 2. The depth profile of the weathered and Amonieah (2012).

layer is presented as shownFRig. 6 while the contour Figure 6 shows that the depth of the weathered layer
map showing the velocity spread for the weatheagerlis  deepens southeastward whidg. 7 shows that the
presented as shownfing. 7. velocity also increases southeastward. These sesult
shown inFig. 6 and 7 are very useful parameters in
4. DISCUSSION engineering construction and soil evaluation in dhea

which is characterised by industrial and infragineeal

Figure 5 ShO_WS a two Iay_er segment and it also growth. It is recommended that construction of lyeav
shows the equations of the various segments gilthe. 1 iigings and road infrastructures especially te&ign

ConsideringFig. _5, the slope of the first segment of the hq study area should have their foundations laich t
curve was obtained as 2.2021, 2.1645, 2.0615, 8,092 gepth of 4.41 m to enable the infrastructure sittiu

1.9605, 1.9416, 1.9046, 2.0408 and 1.8763. Theesbdp  consolidated layer. It is also recommended thatssfuo

the second segment of the curve was obtained @54.6 seismic survey in the study area should be locatea

0.6755, 0.6754, 0.6755, 0.6755, 0.6755, 0.6755/956 depth of 4.41 m to eliminate the effects associatid

and 0.6755. The slope of the lower line segmentthe low velocity layer.

indicates the inverse of the weathered layer vsloci

while the slope of the second segment indicates the 5. CONCLUSION

inverse of the consolidated layer velocity. ) ) ] ) )
Table 2 shows that the velocity of the weathered  This study carried out to investigate the veloaind

layer ranged between 454 and 533 m’sadth an depth of the weathered layer using a downhole seism

average value of 495 m $&cThe study also shows that efraction technique has been carried out in Essav
the velocity of the consolidated layer range betwee Nigeria. A total of nine stations was covered aesuits

1480 and 1482 m séc The result ifTable 2 also shows showed that the weathered layer thickness in tla ar
that the thickness of the weathered layer rangéadamn ranged between 2.91 and 4.41 m with an averagdereat
2.91 and 4.41 m with an average value of 3.68 n& Th layer depth of 3.68 m. The study also revealed that
range of velocities for the weathered and constditla weathered layer velocity in the area ranged betwieh

. . . Lo . and 533 m sétwith an average value of 495 m.

layers obtained in this study show similarity withme . .
T . : . The weathered layer parameters obtained from this
findings obtained from the study carried out inl8tary, studv are verv useful in analvsing the soil behavio
Melaka by Asryet al. (2012). Asryet al. (2012) in their y are very . ysing ha

ork revealed that the velocities of the weathezed under static and dynamic loads and are helpfulitd ¢
w I'dvt q v ~ ively i Wth engineers working in the area. Nevertheless, thdyst
Eonsm a4e50 ay(ejrsgozz\)re reésepetijlvsy In ;"GC;Sngedocould not draw up a relationship between downhole
etween oY an m sean etween and - seismic refraction and surface seismic refractivartive
2000 m se¢. The result in this study also agrees with

L . . A at a more conclusive analysis. This is the reasoy iw
the findings of the survey carried out in the Ydeid in the future, an uphole seismic refraction surveychitias

the s_outhern Niger Delta. The study shows that they,q advantage of recognizing thin and hidden beds
velocity of the weathered layer ranged between@¥  shoyld be carried out to draw conclusions on the

800 m sechl (Ofomola, 2011). . weathered layer properties.
In a similar investigation conducted in the southea
Niger Delta, Ukoet al. (2012) obtained a result which 6. REFERENCES
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