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Abstract

Effects of pressure on the Attenuation of Seismiawes propagating three different
rock samples from the upper crust in Ewekoro fornmt are investigated. The
frequencywas varied from 1Hz to 100MHz while theepsure was varied from
atmospheric 9.7kPa to 27.9kPa. The Continuous Wawansmission and Spectral
Amplitude wave-ratio techniques were employed totedmine the Attenuation
Coefficient k, for each rock sample. Attenuation €fficients were plotted against
frequency on scatter diagrams. Results show thamdstone attenuated the most at
2.73 and closely followed by limestone 2.25; whilale is the least attenuated at 1.99.
In all three cases, attenuation decreases (Q-factmrcreases) with increasing
confining shear pressure.
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1.0 Introduction

Attenuation as a function of pressure generally been neglected by most investigators, yet the\behaf 1/Q(anelastic

attenuation factor) with pressure can yield as muo@drmation about mechanisms as does the frequéepgndence. When
a rock is subjected to hydrostatic pressure, ssabvarburden pressure, its elastic and anelastigepties will change. The
behavior of elastic properties under pressure Iskmewn and a theoretical treatment of it may berfd in [1]. According to

Hooke’s law, strain is linearly related to the str@pplied until a certain point of stress, knowrthe field strength of the
material. According to [2], anelasticity, is theopess which describes the dissipation of energyaterials under stress.

1.1  Seismic Waves

Yield maps of the distribution of seismic velocitieinterface between rock units and the reflectoefficient of the
interface. Measuring the velocity of seismic watlesugh the earth layers provides foremost elumdab the composition
and constitution of the layers [3]. The velocitiescrustal rocks vary due to rock porosity, pressuemperature, fluid
saturation and other physical parameters. Velatitycture of the Earth’s interior, attenuation stawe, and materials with
their state in the Earth can be estimated throogéstigation of the propagation of seismic waves.

Basically, seismic waves comprise of body waves @auntace waves. Body waves include compressiordlsaear waves
while the surface waves are the love waves an®&R#yeigh. For the purpose of this work we are foogi®n compressional
and shear wave€ompressional wave directs the motion of the plaritong the direction of wave propagation. Theiplar
motion associated with compressional wave congibtalternating compression and rarefactions dusiigch adjacent
particles of the solid are closer together anch&artipart in one successive half cycle[4]. Theaiglaf compressional wave
can be expressed in terms of other elastic corsstaptandp.
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Compressional wave velocity in the crust of contisedbeneath the sedimentary layers varies from $Sktnghallow depths to
about 7km/s at a depth of 30 - 50km. the lower ciiks indicate the presence of pores and crack® mih@n the intrinsic
velocities of the rock.
Shear waves propagate by a pure shear strain iireetidn perpendicular to the direction of wave oot The velocity of
propagation of a body wave in any homogeneous,ogiat material is given by the velocity;\6f a shear body wave, which
involves a pure shear strain

v = [ﬁ]l/ R ERLT T 5)

Individual particle motions involve oscillations @it a fixed point, in a plane at right angles te threction of wave
propagation. If all the particle oscillations amnfined to a plane, the shear wave is said to &eeppolarized.
It can be observed from these equations that casjomal waves always travel faster than shear wiaviit®e same medium.
The ratiovy/vs in any material are determined solely by the valuBoisson’s ratio (s) for that material

1
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The vp/vgratio, however, is independent of density and camuged to derive a Poisson’s ratio, which is aebdithological
diagnostic indicator. If this information is reqed, then botlv, andvs must be determined in the seismic survey [5].

1.2  Anelastic Attenuation Factor

In reflective seismology, the anelastic attenuafamtor is often expressed as a seismic Qualitypfg€-factor for short) this
is inversely proportional to attenuation. Q-facfoiantifies the effect of anelastic attenuation @eiamic wavelet caused by
fluid movement and grain boundary friction. As s@is wave propagates through a medium, the elastcgy associated
with the wave is gradually absorbed by the medienentually ending up as heat energy which is atfermred to as
absorption i.e. anelastic attenuation and will éwelly cause the total disappearance of the seis@mies [7]
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Where x(t) = Ae2Q sin@t - - - == === ===~ (8)
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E is the fraction of energy lost per cycle [8]
This behavior is said to be dispersive becauserdte of attenuation increases with frequency. Taehepreferentially
attenuates higher frequencies, resulting in the édsignal resolution as seismic wave propagatesigh rock materials.

1.3  Attenuation as Function of Pressure
Compressional wave velocity is strongly dependenéffiective stress. For a rock buried in the earth,confining pressure
is the pressure of the overlying rock column aredgbre-space pressure may be greater or less ydaoskatic pressure; or
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(if there is a connected porosity to the surfacpladto the confining shear pressure. The effeqinessure is the difference
between the confining and pore pressure.

Velocity change with pressure depends on the aosfncracks, pores and grain boundaries, whichtieddly stiffens the
rock mineral frame[6]. In general, velocity risedth increasing confining pressure and then lewdfsto a “terminal
velocity” when the effective pressure is high. The effect is probably due to crack closure. At effective pressure, cracks
are opened and easily closed with increase insstissthe effective pressure increases the craekalbhclosed, k goes up
and the velocity increases. This also holds fongka in attenuation of the rock.

In all cases, attenuation decreases (Q increasts)nereasing pressure. Experimental data vergfytins are found in many
write-ups[8-15].For these data and the theoretizadels to be presented, the pressure given isiffieeethtial pressure,
Pi=P—Pr——— — — — — — (10)

Where R is the confining pressure angi® the pore fluid pressure. This relationship Bdior all rocks, as demonstrated by
laboratory tests[16-18]. The attenuation of P-wavediabase and graywacke was measured up to aupeesf 4 kilobars
(kb) by a pulse transmission method with a prengifrequency of 0.9 MHz. Although not stated exgic the samples are
assumed to be air-dry[9].

However, even at depth, as the pore pressure sEseabove hydrostatic, the effective pressure dsescas does the
velocity. Over-pressured zones can be detecteg@tenentary sequence by their anomalously lowcitxs.

Finally, we can infer that pressure impacts on ciéikes are: -

(). Increasing pore pressure softens the elastieral frame by opening cracks and flaws, tendinipwer velocities.

(ii). Increasing pore pressure tends to make te fluid or gasless compressible, tending to iaseevelocities.

(iii). Changing pore pressure can change the atidur as gas goes in and out of solution. Velogitien be sensitive to
saturation.

(iv). High pore pressures persisting over longiqur of time can inhibit diagenesis and preservegity, tending to
keep velocities low. The only way to know the gree dependence of velocities for a particular iedk measure
it[19].

2.0 Experimental Work

The experimental set-up comprises a sine-audiabggnerator which continuously generates sinusevdaeform through
the rock samples in turn with a pair of receivimgl &ransmitting transducers on either side of tduk samples. One converts
the electrical signal into a mechanical strain ae eide of the rock and vice-visa on the other sidihe rock sample and
readings were recorded by Double-beam oscillos&adk samples collected from Shagamu in Ogun sitatiie western
Dahomey basin,were sandstone, limestone, and Sitadee rock samples were cut into a size of thiskige0 cm cube.
Incident waves were allowed to pass through frojoh#nnel of the double beam oscilloscope while taesimitted wave
passes through the,¥hannel of the oscilloscope for comparison. Bbthincident wave amplitude;Aand the transmitted
wave amplitude Athrough the rock samples were measured simultafeon the double-beam oscilloscope. Signals in the
range 1Hz to 1MHz were investigated as they travére rock samples. Pressure variations were @utaising materials of
5Kg to 50Kg weight of the circular base and radiiBcm, placed on each rock samples as the sigaaksrse the rocks. The
incident wave amplitude is related to the transdittvave by the following equation

Ay = Ager — — — — (11)

In li—jJ =2kr— — — — — — (12)

Where k is the Attenuation coefficient in inverseter (m") and r is the thickness of the rock samples inensefm). Q-
Absorption operates with the amplitude spectrura séismic pulse with frequencies f that obeys¢hation 13. The travel
time of the pulse at t=0is denoted by tO angf Ais the un-attenuated amplitude spectrum ofpihise

4P = 14y (Dl V) - — — — (13)
] = - (14)
| Q

3.0 Results and Discussion

The static and dynamic biaxial test implemented abnfining pressure range of 9.4 kPa, 18.4 kPa2&rklPa dynamic load
for the three rock samples were specified with @riceous frequency set from 1Hz to 100MHz. The datiéained from the
attenuation experiment on the sandstone, limesiodeshale were recorded and calculations of teawdtion coefficient for
these rock samples were made using equation (h&)data were plotted using 2010 Microsoft excek Tésults obtained
show how the rock samples behave under differerggure conditions at room temperature.

The experimental data show that sandstone attehimte logarithmic decrement, though it is in thegative region under
atmospheric conditions, but it increases as thespre increased. The varying confining pressurdifigrent frequencies
shows that Q-factor increasing from the range (130 -44.3) at a lower frequency to a higher raoige39.4 to -16.29).
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This indicates that attenuation decreases (Q isesawith increasing shear pressure on the samda®shown in Figure 2.
At Atmospheric pressure (ATP) the absorption cogdfit was at 1.49% and at higher confining sheasgure (CSP), the
absorptiog?coefficient increases to 2.73%, which result of shear pressure on the sandstone wittvarage mass density
of 2.33gcn.

Limestone attenuated in a logarithmic decremetiiénnegative region under atmospheric conditiohg Varying confining
pressure at different frequencies shows that @faicicreases from the range ( -46.5 to -31.3) kiwaer frequency to a
higher range of (-31.4 to -13.9). This indicatest thttenuation decreases (Q increases) with inageabear pressure on the
limestone as shown below inFigure 3. At ATP theoaption coefficient was at 1.48% and at higher gun§ pressure, the
absorption coefficient increases to 2.25%, whiclassa result of shear pressure on the limestorte avitaverage mass
density of 3.79gcm

Shale attenuated slowly in a logarithmic decrenagt negative region under atmospheric conditidhs. varying confining
pressure at different frequencies also shows thftc@r increases from the range ( -26.9 to -1atdpwer frequency to a
higher range of (-18.0 to -8.7). This indicate thtienuation decreases (Q increases) with incrgadirar pressure on the
shale as shown below in thefigure 4. At ATP theogbitson coefficient was at 1.49% and at higher oon§ pressure, the
absorpsgn coefficient increases to 1.99%, which i®sult of shear pressure on the shale with arage mass density of
2.68gcnt.

The correlation of this rock sample was also deteeoh to understand their attenuation absorptioe tatder the same
confining shear pressure. It was shown that sandsattenuated the most at 2.73 and closely folloetimestone in 2.25
while shale is the least attenuated at 1.99, asrsiw Figures 5,6,7 and 8. Although, all in the aidge direction. This result
at room temperature and atmospheric pressure cmmd& in good agreement with the findings of otlseismologists

elsewhere [6, 18, 19, 20].
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Figure 2: Q-factor of sandstone increases with varying Candirshear Pressure at different frequency
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ATTENUATION DATA FOR LIMESTONE
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Figure 3: Q-factor of Limestone increases with varying CoimiinShear Pressure at different frequency
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Figure 4: Q-factor of Shale increases with varying ConfinBiiear Pressure at different frequency.

Journal of the Nigerian Association of Mathematic&hysics Volume 35, (May, 2016), 301 — 310

305



Effects of Pressure on... Olorode, Aregbede and Akintunde J of NAMP

9 T T T T i T T T
i i il i il il I
0i1 00 000 000 00000 DO000 1000000010000000 09

o 0
£
= 0
‘5 o a—— e I
£ 30
g i
S I i i
pe 0 ] 1] i
2
"6 =
=] 50
c
£ >
< 60

70

Frequency (Hz)
—4—sandstone —f—Limestone —A—Shale  Pressure at Atmospheric

Figure 5: Q-factor of the three rocks samples increases megpect to frequency for CSP at Atmospheric Pressihie Q-
factor of sandstone, limestone and Shale incrdas@s493%, 1.489% and 1908% respectively.
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Figure 6: Q-factor of the three rocks samples increases veéfipect to frequency for CSP at 9.4KPa. The Q-facfo
sandstone, limestone and Shale increases by 2.0268%,% and 1.694% respectively with CSP
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Figure 7: Q-factor of the three rocks samples increases wetipect to frequency for CSP at 18.7KPa. The (®fact
sandstone, limestone and Shale increases by 2.288%1% and 1.908% respectively with CSP
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Figure 8 Q-factor of the three rock samples increases weéipect to frequency for CSP at 28KPa. The Q-faofor
sandstone, limestone and Shale increases by 2.722%8% and 2.000% respectively with CSP
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The correlation of this rock sample was also deteech to understand their attenuation absorptioa tatder the same
confining shear pressure. It revealed that sandstdtenuated the most at 2.73 and closely folloledimestone at 2.25

while shale is the least attenuated at 1.99, awrsliw Figures 2,3,4 and 5 although, all in the tiegadirection. This result

at room temperature and atmospheric pressure @mmdsconsistent with the findings ofsome otheentists [3, 19,20].The

results obtained gave a clearer picture of geneehlvior of the rocks and their attenuation tremdshe presence of

increasing confining shear pressure. This is cabgedilatation, the opening of micro-cracks withrmal perpendicular to

the biaxial confining shear stress direction. Tkerdase in attenuation is mainly an effect of lsssecurring in the pore-

space by differential motion between rock-frame pode-fluid. It is simple to understand that att&tion is reduced when
the porosity is reduced.However, local pore-presstein alter the effect significantly. The drivingrde is then the

differential pressure between confining pressuikthe pore-pressure [21].This is caused by therpesive lowering of the

apparent frequency of seismic wave with increasiistance of travel through the earth. In all casétgnuation decreases
(Q-increases) with increasing pressure.

4.0 Conclusion

Finally, it can be concluded that within limits ekperimental error, that increased confining sh@assure causes the
attenuation coefficient of the rock samples to dase. It is suggested that the combined effectuad Saturation and
pressure on attenuation of this rock samples canvastigated. Rock samples from another locatenmtze obtained and the
effects of pressure should be investigated in amstudy the dynamics of the earth.

Table 1: Attenuation Data for Sandstone

Attenuation Coefficient (ki)

Frequency Atmospheric Pressure Pressure at Pressure at Pressure at
(Hz) 9400(Nnm?) 1870.7(Nn¥) 27962.96(Nr)
1 -59.1283 -54.8733 -48.5601 -44.3717

10 -52.4466 -44.6203 -37.7733 -35.7733

100 -51.2283 -40.7117 -35.0564 -32.6751
1000 -49.7117 -38.6567 -34.0867 -30.6176

10000 -46.4867 -36.6217 -32.4083 -28.4501
100000 -44.7583 -34.9333 -30.0667 -26.1851
1000000 -43.9901 -32.8783 -27.4654 -23.7583
10000000 -42.4767 -30.3759 -25.2931 -21.2369
100000000 -40.8558 -28.3081 -23.0676 -18.5727
1000000000 -39.4757 -27.0773 -21.1517 -16.2906

Table 2: Attenuation Data for Limestone

Attenuation Coefficient (Km'™)

Frequency Atmospheric Pressure Pressure at Pressure at Pressure at
(Hz) 9400(Nm?) 1870.7(Nn¥) 27962.96(Nrif)
1 -46.5897 -41.2544 -37.0245 -31.3167

10 -40.5502 -33.5879 -31.2587 -25.4587

100 -39.8987 -30.0014 -28.9654 -23.9564
1000 -38.8721 -27.5684 -25.4651 -22.4653
10000 -37.0001 -26.0025 -23.7367 -21.2603
100000 -36.0653 -24.2358 -21.2733 -19.2715
1000000 -34.7608 -23.6587 -20.0667 -18.0009
10000000 -33.0352 -22.8548 -18.9483 -16.2004
100000000 -32.1601 -21.8701 -18.0967 -14.9351
1000000000 -31.4301 -21.0702 -17.6783 -13.9383
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Table 3: Shows the Attenuation Data for Shale
Attenuation Coefficient (Km'™)

Frequency Atmospheric Pressure
(Hz)

1 -26.9633
10 -23.7452
100 -23.1865
1000 -22.9565
10000 -22.6508
100000 -21.5665
1000000 -20.6562
10000000 -19.3559
100000000 -18.6254
1000000000 -18.0003
5.0 References

Pressure at
9400(Nm?)
-23.9047
-20.5785
-19.4457
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-12.3442
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Pressure at
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-17.4433
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