Sonic Waves propagation

Sonic processing

LWD vs. Wireline Acoustic logging
Special applications

» Dipole ™ Vs in “slow” formations
» Cross-Dipole m Anisotropy

» Stoneley ™ Permeability

» Waveform attenuation
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au Petrophysical properties:

4
K = o(amaphis) oo 1 = pV;
» Pore content identification

mFree gas, gas hydrate,...
b Porosity




Wave propagation in a borehole




Wave propagation in a borehole
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How it could be
done ...
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A llustration from the 1935 patent
on acoustic logging by Conrad
Schlumberger. The field engineer
(13) was supposed to slide a sleeve
(17) until sound coming from
receivers (3 and 4) appeared to
arrive simultaneously at each ear.

&Mn{’vmr
Sluro rdlecos

w
N

O

|

A\




Acoustic Wireline Logging
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Wireline logging tools Cablehead
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Porosity Sonde
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Sonic progessip§:
preprocessing filter
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Waveform No.
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Logging in Slow formations

Monopole Source Monopole Source Dipole Source

i Wellbore

Sonic Waveforms

ompressional Shear Compressional Shear  Flexural
wave wave Fluid wave Compressional wave Fluid wave wave wave  wave
X 1 !

Fast formation: Slow formation: Slow formation:
Vp > Vs > Vfluid Vp > Vfluid > Vs Vp > Vfluid > Vs



Ve ta veIOCIty close to Vs
n be recorded even if Vs is lower

than the fluid velocity

The flexural wave is dispersive (velocity
changes with frequency), which can be
taken into account

Slowness

“ 'recordmg two * mdependent” Vs logs
Processing uses STC similar to monopole

processing - but corrected for the effect
of dispersion
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Animations: Dr. Dan Russell, Kettering University: http://www.kettering.edu/~drussell/Demos/rad2/mdqg.html



http://www.kettering.edu/~drussell/Demos/rad2/mdq.html
http://www.kettering.edu/~drussell/Demos/rad2/mdq.html

Acoustic Logging Sources

Monopole:
pulse radiates equally
in all directions

Dipole
two monopole sources of
equal strength and
opposite phase

T ! - e
| t wd
k151
p
: = 23 e i
- — — ad -
s s wa prry
~ - s o s
pres > > - - — i s
; - - E mes o o tm E -
= i @i
=
1EIE1E
L
bininid } $uee

Animations: Dr. Dan Russell, Kettering University: http://www.kettering.edu/~drussell/Demos/rad2/mdg.html


http://www.kettering.edu/~drussell/Demos/rad2/mdq.html
http://www.kettering.edu/~drussell/Demos/rad2/mdq.html
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(o S of“recelvers aligned with
the two transmitters

- R3x>
» Waveforms are recorded ‘in-line’ and RO <A
‘cross-line’ R1x -

» Combined analysis of inline and “
crossline waveforms allows to rotate B dturbe /
the waveforms along a slow and a fast ~ borehole ;
azimuth
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Borehole
/ flexural wave
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Particle
motion
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Particle
motion

Particle
motion

Compressional-
wave amplitude

Slow shear-
wave amplitude

Fast shear-
wave amplitude

’

Horizontal axis
of symmetry




Inline Travel Time Cross Receiver Dipole Azimuth
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Stress orientation m the Mallik Fleld
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Permeability estimation
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from Stoneley Wa

Effect

Receiver

» When generated at low frequency,
Stoneley waves travel as a tube wave

» They loose amplitude at the

contact of permeable intervals, and
b 4 Permeable " Attenuated
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Analysis of
Stoneley
permeability in
oceanic crust
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In enuation is mostly'due'to 'fI‘I‘C’[IOn and
flu1d flow - i.e. the fabric of formation and of the

pore space




Sonic Attenuation
in Gas Hydrate-
bearing sediments
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Extrusives: Transiti
flows,pillows, sheets Zone
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» Vertical Seismic Profiles (VSP
VAL

thetic seismograms from logs
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Vertical Seismic Profiles (VSP)
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Generating Synthetic Seismograms from logs

. Synthetic
i Reflectiyit

Density | oYty ( eismogram

Vp log _ ensity and Vp
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Velocity survey (synthetic seismogram calibration)

X!| Velocity Survey

Mode: HMove point Select checkshot... I checkshot name [EFPOI'I Vsp Parameters...

Reference depth -11.30 Select sonic... ] sonic name liﬂTRP JUELLEDIT Select drift curve...

Checkshot Drift curve Logs
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