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ABSTRACT

A study of the character and dispersion patterns of groundroll was undertaken in Western Niger Delta in order to
provide much needed information and solution for its suppression during seismic surveys. The quantitative analysis
was carried out on raw monitor seismic records. The results revealed the occurrence of groundroll with
predominant phase velocities of 500-1020 ms™ (mean of 780 ms™), frequency content of 4.0-9.0Hz (mean of 6.1H2),
wavelength of 61-240m (mean of 122m) and group mean velocity of 787 ms?, with average standard deviation of
158 ms’. The uphole data acquired was analyzed through direct or analytical determination of weathering
velocities and thicknesses. The results shows that weathering and sub weathering velocities vary between 510 -
1012ms™ with average value of 770ms* and 1368- 2474ms” with an average value of 1734ms™ respectively. The
determined thicknesses of the weathering layer ranges from 3.8 to 52.8m with an average value of 19.4m. The result
showed that the weathering and sub weathering velocities as well as thicknesses of the weathering layers in the
study area vary erratically both vertically and laterally. The result further showed that western Niger Delta is not a
homogeneous half space but exhibits non homogeneous character with unequal phase and group velocities as well
as variations in the thicknesses of the layers. This behavior showed that western Niger Delta is dispersive in nature
which occurs as a result of velocity layering. The attenuation strategy designed has shown that elaborate geophone
array of 28m and source pattern of 122.5m can provide excellent suppression of the bands of the wavelengths of
noisein thisarea of study.

Keywords; Rayleigh wave, dispersion pattern, uphole dataMelocity layer and Niger delta.

INTRODUCTION

The objective of petroleum exploration is to locptey zones — commercially viable reservoirs. THal#ity of
seismic mapping for determination of these zonasr@gly dependent upon the quality of the seis@dords. Any
event that is added to the seismic signals in thuese of generating, recording and processinget#ismic data is
regarded as groundroll (seismic noise), and thésbieeen the major problem to the exploration gedplsys because
it often interferes with the reflection of interest

Groundroll (Rayleigh waves) have their most natwilaksifications in terms of dispersion patterngspBrsion
pattern is the relationship between phase velodigguency and wave number [15]. Raleigh waves lsan
dispersive or non dispersive. Dispersive Rayleiglvaes result from the various frequency componerdpggating
at different velocities. Conversely, non dispersRayleigh waves result from different frequency poments
propagating at the same velocity. All seismic waeasibit dispersive behavior in a medium which thgp
attenuation [6] and [9]. [5] discussed the promsrtof Raleigh waves and showed the relevance sktheise
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properties in Delaware Basin. He concluded thatdbserved wave speed and amplitude of ground eoil lme
related to the velocities of the layer near thdasgr. [14] analyzed the dispersion properties effitst three relay
modes for the case of a simple layer overlying l& $fzace. They demonstrated the dependence ofisiperdion
curves on the layer thickness and contrast betwheetody wave velocities and densities of the tvexlia [12]
investigated the statistical properties of Rayleiglives due to scattering by topography, and thewset that
horizontal dimension of surface morphology affée amplitude spectra of scattered Rayleigh wawadtieg from
P-wave conversion and direct Raleigh wave reflectithey also argued that the scattered Rayleigresvavriving
from broadside azimuth in a true sequential displayld resemble true long- wavelength P-waves. Tdoscluded
that such noise would suffer weak attenuation ta gaocessing, thus suggested the use of sourceeeeider array
with omnidirectional attenuation characteristics s suppression. [18] discussed the signal chearatcs and
instrument specifications and gave arrangementraf/a and spreads for handling groundroll problefnir study
shows that attenuation of groundroll is possiblelyper specification of array and spread geomd&y] observed
that the variation of thickness and velocity of theathered layer within the layer could both beiZwrtal and
vertical and more also, rapid and erratic. Thesatinaxing layers are generally related to matebalva the water
table or geologically recent unconsolidated sedimean the substratum of harder consolidated roGkese
weathered layers (LVL) by geophysicists appearateetittle to do with geologic weathered layer whiaenotes the
disintegration of rocks under the action of deniatest [13] Despite the variation in the thicknesses andoigiof
the LVL, the layer also varies in lithology, deysénd attenuation effects [21]. These variationshie physical
properties of the low velocity layers (LVL) can saua drastic deterioration in the quality of lartmiic data if we
do not acknowledge them and take appropriate adiwimg data acquisitionBecause¢he main problem in seismic
reflection work is the detection of the primary Bwe signal against a background disturbing everdls as ambient
noise, surface waves, and secondary P and S wavdsged by conversion. In particular, coherentdimeoise in
form of groundroll, guide waves and side scattexedrgy commonly obscure the genuine seismic réflestthat
can give useful information about the subsurfacgaggc features.

An important deduction from all these, is that thex ever increasing need to tailor seismic actjoisprogramme
to the specific environment of exploration projbetcause of environmental geologic layers differendéis is

because low velocity layer (LVL) acts as a varidbie pass filter or a high-cut filter on the amptie spectrum and
also cause distortion of the wavelet. Thereforrginowledge of these effects helps geophysidtsiglan seismic
acquisitiontechniques that can considerably reduce seismgznoi

However, in this study, we concentrate on the dtaivie determination of the nature and dispersibaracteristics
of groundroll (Rayleigh waves), weathering and sedtlvering velocities and thicknesses of theserdaysing
seismic reflection and uphole data (which provideful information on weathering velocities andkhiesses of
the layers as it affect the seismic travel times)thie Western Niger delta, so as to determineggémeral behavior
of the groundroll, with view of designing the pesspecification of array and spread geometry éffigid.

L ocation and Geology of Niger delta

The study area covers towns like Orugbene, Burnti@dimodi in the Western Niger Delta, Nigeria (g 1.0). It
is situated on the continental margin of Gulf ofift&a in equatorial West Africa, at the southern ehdNigeria
bordering the Atlantic Ocean between latitud2sr®d 6 and longitudes %and 8. Known oil and gas resources of
Niger Delta rank the province as the twelfth latgeghe world, with 2.2% of the world’s discovereid and 1.4%
of the world discovered gas (annual statisticaldtim). The Niger delta is one of the most prominessin in West
Africa and actually the largest delta in Africa [2The Niger Delta Province contains only one of tHentified
petroleum system referred to as the Tertiary Ndgdta (Akata- Agbada) petroleum system [16-18]],[2Bd [4].
The Niger Delta displays a concentric arrangeménewestrial and transitional depositional envirant [20].
Fluvial process control sedimentation in the lofl@odplain of the delta top environment, while frahe mangrove
swamp coastward, tidal influence prevails. The dwmi process which construct the Beach ridge amdeba
complexes along the delta coast are the combinafidarge swell waves which approach from the Seett and
strong long shore drift which the wave generatedthe offshore, the warm guinea current prevaifgerating as
independent cells, under the influence of the cerseaward coastline of the Niger delta and the grexant NE-
directed trend wind [20]. The above depositionalcess from fluvial, costal, marine, including tuliby current
coupled with the rise and fall of the sea leveléhaetermined the stratigraphic fill of Niger Delfhree main
lithostratigraphic subdivisions have been recoghirethe subsurface of the Niger delta complex].[Zhe basal
unit is the Akata Formation, overlain by the Agbaaamation with the topmost unit as the Benin Fdioma The
onshore portion of Niger delta is delineated bydkelogy of the southern Nigeria and south-wes@ameroun as
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shown in Fig.1.0. The northern boundary is the Bdlaink, an east-northeast trending hinge linelsadithe West
Africa basement massif. The north-eastern boundadgfined by the outcrops of the cretaceous orAttekaliki
high and further east south east by the CalabakFtahinge line bordering the adjacent Precambrian
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Figure2.0: Map of the Niger Delta showing Province outline; bounding structural features; minimum petroleum system asdefined by oil
and gasfield center points (data from Petro consultants, 1996)
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MATERIALSAND METHODS

Raw seismic data acquired from seismic reflectsomvey, evidently marked by groundroll and uphdkita
acquired from seismic refraction survey in the sdomation were used for this analysis. The seislinies were
oriented NE — SW (Inline) and E —W (cross lineppparent conformity with the structural trend ie tliger Delta.
Values Like 1437, 1466, and 450847,450848, werggmasg to the shot-points and receiver line respeltifor
easy referencing. Because the area of study i/ garampy, the detectors were geophones and hydregsh Swath
shooting technique was adopted. Swath or blockistnef some mutually perpendicular lines (receiaed shot
lines) laid out on the ground as shown in Fig. 3 receiver lines consisted of 120 groups ofalets. Eighteen
geophones were planted per group. Interval of 5@wh 228m were used per group and adjacent geophones
respectively. Seismic reflection record obtainedrdythis exercise was evidently marked by grouhdszismic
noise) as shown in Fig. 4.0

In acquiring the uphole data, each shot hole wislig planned to be drilled to a depth of 72m lwihe aim of
recovering a minimum depth of 60m. With 60m contdepth, an interval of 5m was chosen for each @harg
detonation. Charges were successfully detonatedtirgg from the bottom and the travel time recordesihg
geophone planted on top of the earth surface heastiot hole.

However a quantitative method was used to analyze the ctarand the dispersion pattern of groundroll fi@mw
monitor records. In this approach, seismic attabuof groundroll such as phase and group velsciperiods,
wavelengths, wave number and frequencies were mezhsu computed manually from the raw record. Thethod
gives good parameter estimate, although it is toresuming and results of such computations mayriee kound
because of the numerical approximations inhererihéanalysisNevertheless, extra care was taken to achieve
quality results.

Phase velocity is the speed at which a point oktaot phase can be said to move or the rate athwthe fixed
phase of the wave propagates in space. Thus,

xI\ - ft=k 1

Where x\, t, f and K stand for distance, wavelength, fremyeand constant respectively.
So the phase velocitypMs given by

&= Af [16] 2

dt

In the computation of phase velocities from the raonitor record, consider the onset of noise ig. E.0 as
indicated by Triangle ABC. The triangles ABC consibtwo right angled triangles ACD and ABD. Thests AB
and AC are symmetrical. The distance BD equals &Dtace spaces), where one trace space corresfmbdm.
The first arrival time is 5seconds. Therefore thage velocity of the groundroll (using the slopdha line) was
calculated from the distance/ time relationship.

In some cases, several waves add together to faimgke wave shape known as envelope or group igldgroup
velocity describes the rate at which the enveldpeave travels through the dispersive medium. ttefined by

U==, 3
k
Where U, w and k stand for group velocity, angfilaquency and wave number respectively.

The group and phase velocity are related by thatemu

v =U[1 f dv
V df (16]

Where V, U,and f, stand for phase velocity, greafocity and frequency.
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The equation shows that if phase velocity (V) ideipendent of frequency, then U=V, but if V decreaagth
increasing F, which occurs if shear wave velocitréases with depth, then,

ﬂgﬂ 5
dF

and phase velocity will exceed or equal the groefoaity as in the case aformal dispersion. However, in
anomalous dispersion, phase velocity increases with increasing frequeftius, the group velocity exceeds or
equals phase velocity as demonstrated in TablefoOp3relocities were computed from fig.4.0 usingagpn 3.0.
Period is the duration of one cycle in a repeatingnt. The period (T) was determined from the maawitor record

as an interval time from peak to peak or trouglréagh. The raw monitor record data has a scakcof to 1sec.
Based on this, the distance between two crest®oghs were measured and compared with the scalig. 4.0 for
instance, the distance between two peaks desigaatéd and M is 1cm. Since 5cm represents one second, the
1cm is equivalent to 0.20sec which is the period.

Frequency is the number of occurrence of a repgatient or oscillation per unit time. It is theiprocal of period,
measured in Hertz. It was calculated using theiogla

F= 1T. [16] 6
Where F and T stand for frequency and Period.

Assuming a sinusoidal wave moving at a fixed waveesl, wavelength is inversely proportional to ttemfiency
and directly proportional to the velocity of thewea

=Y
A=- 7

Where V, F andl are phase velocity, frequency and wavelength ciisedy.

Already, the phase velocity, and frequency havenloetermined. Wavelength was determined using exquat
Wavenumber (k) is the property of a wave, propasdldo the reciprocal of the wavelength. It cardeéned as the
number of wavelength per unit distance that is

k= 8
I

Where k andt  stand for wavenumber and wavelength

The results of all these wave characters were iiddially calculated with respect to their event nemsband
presented in Table 1.0

The analysis of the Uphole data is simple and dieaed with little calculations. The basic methdaisthe analyses
are as follows [25]

(i) The arrival time at each depth was picked aadorded.

(i)The picked travel times were plotted againgititorresponding depth of shot known as time dpfaih

(i) The weathering velocities (y and sub weathering velocities {(y¥ were computed from the inverse of the
corresponding graph slopes.

(iv) The weathering thickness,,[s graphically or analytically obtained.

Alternatively, the weathering layer thickness, £an be determined analytically. If we consider B0, we have
from the two graphs segments that

Y = byx (graph from origin) 9
Y = byx+a (graph not from origin) 10
For the two straight lines, at crossover point,adigms 9 and 10 are equal, that is
bx= bx+a 11
So
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=2 12
bi-b2

By substituting equation 12 into 10 or 11, gives thickness of the weathered layer.  Thus

L

- “‘; 1‘_‘

,,3
e ;i

S (FIRST BREAK])
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Fig.4.0: Raw seismic reflection data showing Rayleigh waves (seismic noise) asindicated in triangle ABC.
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bl a b2a +a
>p1-b2 = b1—b2

Where b= slope of first graph (in milliseconds per meter)
b=slope of the second graph (in milliseconds peteme
a =intercept time, df the second segment (milliseconds)
[ = thickness of the weathered layers
y and x stand for graph axes

13

The reciprocal of pand b give the weathering layer and the sub weathegggrlvelocity respectively. Direct
substitution of the values of a;, B, and b into equation 5, gives the thickness of the weatthéayer. This method

is mathematically and accurately competent.

¥=b1x ¥=b2 +a

S5LOPE = b2,1 = Vs

b2

Time (ms)
CROSS OVER POINT

SLOPE=b1; 1= W

3

b
T1= a

Fig.5.0: Techniquesfor weathering, sub-weathering velocity and thickness deter mination fromt uphole data
RESULTSAND INTERPRETATION

The calculated seismic parameters (Trace valuesseéPand Group velocities, Period, Frequency, Wagéhs, and
wave number) of groundroll are displayed in Tabl@ They represent the seismic attributes of thenein each

data location.

Phase and Group velocities

The results from the raw monitor record show thatugdroll (seismic noise) has phase velocitiethinrange of
500-1020m¢, mean of 780m§ standard deviation of 154 and mode of 74bifi@ble 2.0). The histogram plot of
the computed phase velocities shows that the marivalue peaks between 700and 800ms3, indicating the
predominance of groundroll in this region (Fig.)6Mhe group velocity values range from 510-1048yr& mean
velocity of 787m3, a standard deviation of 158thand mode of 714ri§Table 2.0, ).
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Table 1.0: Some computed groundroll parameters of the study area

Event | Number Shot | Trace, | Trace Phase Group Period | Frequency | Wavelength | Wave
oo Within point | valoes interval | velocity velority (s) (Hz) (m) numbers
Lie [ |@ |@ @D | (&)

I 450847 1437 [ 60D 30 650,00 65200 0.0 200 163.00 0.0073
1 430848 [Tdes [ 7700 30 T TI2.00 018 6.3 12330 0.008T
3 450845 [ 149 [ T30D 30 730.00 736.00 014 714 10214 0.0057
E! 430850 1328 [ e4.00 30 64000 64100 0.1z g3 T6.83 RS

3 430831 [ Tae0 [ 3000 30 300.00 310,00 .18 8.23 20.00 0.0I23
[ 450837 | 1393 [ 9600 30 80,00 05200 [ E! EAE! 13450 0.007%
T 450853 [ T16Z7 [ 510D 30 91000 920,00 018 [k JEEE 0.008%
g 450854 [ Teel [ 7000 30 700,00 T14.00 011 9.00 70.00 0.014

9 430857 [ 1698 [ &E.00 30 BE0.00 69400 012 833 sl.63 [ 8

10 450856 | 1735 | 610D 50 620.00 62300 018 613 F1 ] 0.0T0

IT 450837 [ TT72 | RIOD 30 §20.00 §20.00 012 £33 gE 43 0.0T0

| W] 450858 [ TE09 [ E5.00 30 §20.00 £26.00 018 [k 13600 0.0073
I3 450855 [ TE4F [ %500 30 950.00 957.00 0.1z 833 114400 0.0087
4 430880 [ TEEe [ TOLOD 30 101000 T0TT.00 0.IE 353 18150 0.0033
| K] 450861 | 1526 [ TOIO0 [ 30 T0T5.00 102500 018 613 16330 0.008T
I8 450867 | 1566 | BI.0D 30 §20.00 §I1.00 018 6.6 13100 0.0078
I7 450863 [ 2006 [ 59.00 30 290,00 99100 018 333 17500 0.0038
IE 4530864 (2047 [TI300 |30 101300 1023.00 018 6.3 18050 0.0033
19 43088 [ Z0BR [ RE.OD 30 26000 82600 0.2 EXE! 189.00 0.0053
0 450866 | 2130 | 740D 30 4000 746,00 0.0 =00 T45.00 0.0087
IT 450867 | IT72 | EE.0D 30 §50.00 E51.00 [ E! EAE! 173713 0.00ET
Iz 450868 [ ZIT4 [ 5500 30 95000 5000 0.1 4130 22000 0.0043
I3 430889 [ 2134 [ R4.00 30 64000 64100 0.1z g3 7383 0.0I30
pE 430870 2397 [ e300 30 63000 67,00 01l 9.00 6300 [E)E

I3 450871 | 2340 | 3EOD 30 350.00 R4 IT 018 333 10450 0.009%

in

Jrequeny ()

5]

10

Fig. 6.0 Histogram plots of velocity distributionsof the study area

Phase welocity (ms=)
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Table 2.0: The statistical values of the groundroll parameters of the study area

PARAMETERS MEAN MODE MEDIA VARIANCE STANDARD

DEVIATION
PHASEVELOCITY | 780 740 785 23648 154
GROUP VELOCITY | 787 714 782 24897 158
FREQUENCY 6.10 8.33 7.14 2.4855 1.50
PERIOD 0.15 0.12 0.14 0.0015 0.039
WAWVE LENGHT 122 130 110 1827.80 43

The result of the data analyzed had shown varigtionthe periods of seismic wave in the raw monitords
(Tablel1.0). The periods of the study area have nvafue of 0.15s, mode of 0.12s and the standaréhtiew of
0.039s. These low values of periods in the areddcbe attributed to the low oscillation of wave ritowhich
depends on the frequency and phase velocity ofvdhe train. The result also shows frequency conémt.16-
9.0Hz, which produced the mean value of 6.10Hz, enofl 8.33Hz and standard deviation of 1.6Hz. The
wavelength distributions vary between 61-240m withan value of 122m, standard deviation of 43m andearof
130m. The bar chart plot in Fig.7.0 shows wavelemgak at 101m and 120m, suggesting the predongnainthe
wavelength of groundroll energy in the study afgas perhaps, is the fundamental propagating wagtts of the
groundroll in the study area increasing to 240ntHerlongest wavelength.

[1] and [23] have shown the dependence of Rglylevave, phase and group velocities on frequency fo
propagation in a homogeneous half space and imddymedium. He showed that phase and group velealties
are equal and independent of frequency, which tegulnon dispersive behavior. This is undoubtésliyn contrast
with the computed group and phase velocities instinely area as shown in fig.8.0 add. In non dispersive
Rayleigh waves as he stated, all frequency comger@npagate at the same velocity. The result fioingulsive
source, such as an explosion in this environmetitasthe Rayleigh wave has a sharp onset, a dhoation and a
uniform wavelet shape at all offsets. In other vgorthe output wavelength is identical to the inpavelength with
time delay. This character only described the nispetsive environment. In dispersive environmehiciw our
results exhibit, different frequency componentsetaat different velocities as a result, the phasiecity which is
the rate at which the fixed phase of the wave pafes is unequal with the velocity of the envelpewn as the
group velocity as shown in figure 8.0. In fig. 9.6he phase and group velocities were plotted ametion of
frequency on a semi-log graph. A close look at phig shows that curves are concave. There is fammidecrease
of the curves to the lowest limit of velocity vatubefore they rise again. These lowest points tdcitees are
probably the limit of the overhead layer also knaagrlow velocity layer (LVL). However, the phasdogities plot
is lower than group velocities which are an indwatof dispersive environment. It is important toten therefore
that this dispersion curves are different from th@dotted by [11]. [11] corresponds to uniformgen layers
(Homogeneous media), instead in this study cormdpto non homogeneous layered media

Three Rayleigh modes which have been designatéahdamental, first higher Rayleigh mode and sedugter
Rayleigh mode are evident in the study area (Fi§)1T he first and second Rayleigh modes plot highigles the
fundamental Rayleigh mode plot lower. This dematst the pattern of distribution of the phase vsloof
Rayleigh mode in the western Niger delta. Howetteg, first and second higher Rayleigh modes resaih fthe
constructive interference between shear waves edfqetween the interfaces of the shallow layerss T$hin
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contrast to fundamental Raleigh mode which redudim diffraction of the spherical wave fronts oethody waves
at the interface between the earth and the atmosphin the higher modes, the decay of the ang#itwith depth

resemble standing waves in organ pipe as depiotéthill.0. This illustrates the qualitative vanatof amplitude
with depth for three Rayleigh modes in two layemsadel
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Fig. 7.0 Barchart showing wavelength distributionsin the study area.
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Fig.8.0: Thedispersion curve of the study area
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Fig. 9.0: Plot of phase and group velocities against wavelength showing dispersion pattern of thewavesin the study area
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Fig. 10.0: The pattern of distribution of the phase velocity of Rayleigh mode in the western Niger delta.
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Fig.11.0: Qualitative variation of amplitudewith depth for three Rayleigh modes.

In Fig 12a-d and Table 3.0, weathering velocitif weathering velocities and thicknesses of thetheging layer
vary erratically both vertically and laterally ihe study area. Weathering velocities of 510 to hf&2with an
average value of 770mdrom the Time-depth plots were determined while sab weathering velocities vary from
1368 to 2474mbSwith an average value of 1734fhs

The thicknesses of the weathering layer ranges 8d@o 52.8m with an average value of 19.4m. Tédaes of the
velocity and thickness profile from Uphole plotskig.12a-d indicate that two velocity layers coblel identified

with varying thicknesses in the study area. Maximueathering thickness of 52.8m was observed neauttiywon

line number MM, shot point 199. On the other haadjecrease in the thickness trend was observetvsand,

which is toward the coast, at line number EE sloittb54 in the south (Table 3.0). Uphole P-waviesiies (table
3.0) compares favorably with velocities of grourbimtable 1.0 which show that two seismic evemndsel through
the same layer (surface layer), thus validatingresults. However, because of the variation inttiieknesses of
these surface layers, waves propagate at differelotities. We therefore, suggest that the dispersharacter of
the Rayleigh waves or groundroll in the westerneXligelta occur as a result of velocity layering.

These weathering layers, affect seismic data iargety of ways: The rapid changes in the velocitg ¢hickness of
this layer has a disproportionately large effectrmtravel times
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Fig.12a-d: Time-Distance graphs of some selected line number KK; Shot point 119

distance

Line Number KK; Shot point 119

Table 3.0: Resultsof LVL parametersof the study area

SINC LINE NO SHOTPOINT Vu(m/s) Vsw(m/s) Dw (M)
1 AN 19¢ 994 1647 10.¢
2 B 470 857 1863 12.1
3 “ 552 700 1610 6.3
4 DD 203 950 1670 24
5 “ 358 785 2300 19.0
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6 “ 425 910 1997 12.8
7 “ 508 890 2000 14.0
8 EE” 554 800 1590 3.8
9 “ 664 71C 150( 5.5
10 FF 221 925 2090 12.0
11 “ 360 800 1600 3.5
12 “ 448 820 1820 5.3
13 “ 690 1000 1700 5.6
14 GG 282 573 1640 8.4
15 “ 42¢ 734 1821 3.7
16 “ 509 586 1450 10.0
17 HH 306 505 1976 18.5
18 “ 361 676 1552 30.0
19 “ 441 529 1455 23.8
20 I 303 900 2119 33.4
21 “ 975 850 1981 25.8
22 “ 116 950 1952 28.5
23 JJ 196 658 1739 14.7
24 “ 294 750 1686 44.2
25 “ 490 887 1652 10.6
26 KK’ 119 900 1667 17.5
27 “ 246 645 1802 21.8
28 “ 374 710 1657 10.9
29 “ 520 590 1723 27.0

30 LL 119 530 1449 18.9
31 “ 284 781 1641 22.2
32 “ 341 724 1746 14.3
33 “ 417 562 1813 32.0
34 MM 199 694 2475 52.8
35 “ 429 512 1826 25.5
36 NN 119 709 1358 335
37 “ 290 920 2340 19.5
38 “ 400 600 1711 25.2
39 “ 552 736 1730 25.9
40 00 119 882 1984 35.5
41 “ 290 870 1852 14.0
42 “ 442 823 1666 25.9
43 QQ 22¢ 933 181¢ 10
44 “ 227 820 1641 13.5
45 “ 473 545 1666 24.1
46 WW 434 692 1873 17.4
47 “ 537 670 1747 26.8
48 “ 110 515 1686 18.5
49 XX 389 756 2240 19.3
50 “ 432 565 2464 28.3
51 “ 469 850 1595 13.1
52 YY 317 722 1774 15.9
53 “ 447 650 1900 23.8
54 “ 650 651 1836 19.1
55 77" 226 600 1635 33.9
56 “ 427 726 1698 11.9
57 “ 580 770 1549 14.1
58 DD 119 822 1665 19.5
59 “ 265 776 1611 11.6
60 « 350 900 1667 175
61 516 650 1594 19.8

AVERAGE 7itils 1734m/s 19.4m

The absorption of seismic energy is high in thigtasince the layer is unconsolidated. The marladcity change
at the base of LVL sharply bends seismic rays so ttheir travel time through the low velocity layier nearly
vertical regardless of their direction below theatteering layer.
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There is very high impedance contrast at the bagbeoLVL, which makes the weathering layer an dece
reflector. Consequently, waves remain trapped énlalger, repeatedly reflecting from its base aadifiper surface,
thereby becoming an important multiple reflectattis vital in mode conversion [8]

Since suppression of groundroll starts in the figlds imperative to design a geophone arrays smdce pattern
that can provide excellent attenuation of band \emgths of the noise in the study area. From thaleTa.0, the
minimum and maximum velocities are 500 and 1020mifsle the minimum and maximum frequencies are 4.16
and 9.0Hz respectively. Thus, the array must attena band of wavelengths bounded by

Vmax Vmin
— > A>— 14
Fmin Fmax

1020m/s > 2 > 500m/s

416Hz ~ 90Hz
= 245m > >55.6m

Therefore, this implies that geophone or sourceepatvith half the wavelength (i.e. 28m and 122.%e) creates
an array arrangement that will suppress the bancleagths of the type of groundroll in the areae Tesign of
this pattern from array theory was based on thevi@hg assumptions, that

(i) There was uniform output from the different gaones

(ii) All geophones were similarly and precisely ptad to the ground

(i) The topography was level.

CONCLUSION

In this research, we have illustrated the propsertif dispersive Rayleigh waves chiefly by meaninterpreted
observations from the computed groundroll attribuietegrated with uphole data. However in compariing
dispersive Rayleigh waves with non dispersive Rgklevaves, the following differences were notedstrion any
given offset trace, the dispersive Rayleigh wavkikik a long duration. In the case of half spate phase and
group velocities respectively are identical andejpehdent on frequency but in non homogeneous mglliee and
group velocity are not identical and thus propagaitd different frequency. The phase velocity deti@es the
apparent wavelengths and therefore has immediktearece in the design of source and receiver arfigyis can be
understood where array pattern was designed fostiy area. Weathering velocities, sub weathevilgcities
and thicknesses of the weathering layer vary ealyi both vertically and laterally in the studyear Weathering
velocities of 510 to 1012ritswith an average value of 770t&om the Time-depth plots were determined while
the sub weathering velocities vary from 1368 to 43 with an average value of 1734msThe determined
thicknesses of the weathering layer ranges fromt@.82.8m with an average value of 19.4m. Threeldigly
modes have been identified in the study area, Hifagleigh modes result from constructive intenfiees between
shear waves trapped between the interfaces ofoghdllyers of this environment. This is in contrastthe
fundamental Rayleigh mode which results from tHéatition of the spherical wave-front of the bodgwes at the
interface between the earth and the atmosphere.

Furthermore, based on the observed results iardee of study, Rayleigh waves exhibit dispersiattigon that are
independent of source type because the relatioristipeen velocity, frequency and wave-number dementhe
properties of the medium which transmit these wares not on the nature of the source. HowevemBeioe or
source pattern of 28m and 122.5m apart can prasdellent attenuation of noise in the area of stédlso burying
the source (dynamite) below the weathering layeadwpting smaller charges could also suppressdise iin the
field recording.
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