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Outline

« Why do we need |low-frequencies and where did they
go?
- How do we get low-frequencies back?
= Borrow them
= Predict them
= Record them

 Low-freguency conclusions
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Full Spectrum & Band-Limited Reflectivity

Full Spectrum Reflectivity
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Recursion Formula
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(Oldenburg et al., 1983).
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Full Spectrum Inversion/model
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Band-Limited Inversion
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Impedance Impedance

Impedance

Real Well Log Example

0-5 Hz Filtered Impedance
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(From Lindseth 1979).



How do we get low-frequencies
back?

eModel them

Borrow them
ePredict them
Record them
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Borrow low-frequencies using BLIMP
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BLIMP Steps 1 & 2

Step 1. Remove the linear trend from the impedance log

Impedance
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BLIMP Steps 3 & 4

Step 3: Compute the Fourier transform of the impedances

107 10
Impedance Log Spectra
===Inverted Reflectivity Spectra
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Step 4: Determine a scalar using the mean power
of the impedance log spectra and apply it
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BLIMP Steps 5 & 6

8 Step 5: Apply filters to the impedance log and inverted reflectivity spectra

x 10
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X 1088tep 6: Combine the filtered impedance log and inverted reflectivity spectra
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BLIMP Step 7

Step 7: Inverse Fourier transform the solution and add the linear trend
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BLIMP Inversion Problems

- Sensitive to low-frequency cut-off

- Best applied to one trace or a model without
structure

- Relies heavily on log information
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Prediction Filters
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Multi-Lag Prediction Filter
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Prediction Filters

Frequencies Predicted
from Positive Spectra

from Negative Spectra
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12 Layer Model
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12 Layer Model with Noise
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Reflectivity Impedance For Noisy 12 Layer Model
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12 Layer Model with Ricker Wavelet
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Well 12-27
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Prediction Filter Problems

- Sensitive to spectra curvature

» Sensitive to Noise

- Sensitive to prediction filter length
- Sensitive to complicated models
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Accelerometer CMP Stacks

Processed Accelerometer Stacked Data

CMP Gather Number
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10Hz Geophone CMP Stacks

Processed 10Hz Geophone Stacked Data
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4.5Hz Geophone CMP Stacks

Processed 4.5Hz Geophone Stacked Data

CMP Gather Number
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Creating the Stacked Traces

Determining Closest Traces to Well
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B) Accelerometer Amplitude Spectra
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Processed Accelerometer Processed 10Hz Processed 4.5Hz
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BLIMP - 1Hz cut-off
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BLIMP - 5Hz cut-off

Accelerometer BLIMP Inversion

Foe =5 E=40
0.3 ot
0.4" i‘,

0.5 “%‘
0.6/ '

‘.,
QO P
£07
— | ._l‘
0.8 , >
0.9' e
1 .
a% =.
RS
1.1k A, pue )
0 10 20
Impedance
10%(kg*m/(m3*s))

10Hz Geophone BLIMP Inversion 4.5Hz Geophone BLIMP Inversion

Foutor=D E=38 Feyror=D E=39
N
0.3- i % 03 g
;‘ »
0.4 - 0.4 -,
1 "
0.5 A 0.5 £ o
“ .
5 0.6 5 5 0.6 1Y
(¢D) N () ‘i:
€ 0.7- \, € 0.7-
= I = b
0.8 h-d 0.8 ¥,
t:, ‘\.u‘
0.9- Ko 0.9- ..'.53%“
:‘n 7
1 .. 1 ...%__ "
P kL
1.1- Jdauit 1.1 ok J'-l ‘
0 10 0 20
Impedance Impedance
10%*(kg*m/(m3*s)) 108 (kg*m/(m3+s))

Well Impedance === Blimp Inversion == Impedance Trend




T e vy s e —————_————————————————————————_————_———————————

: (
RERRREAFES R |

Record Them - INOVA Low-
Dwell



IIHLLL |||||||||||||||||||||

Processed Accelerometer Processed 10Hz Processed 4.5Hz
Stacked Trace Stacked Trace Stacked Trace
03. g ‘ - 0.3L — ‘ 0.3L — ‘ -
0.4 - 0.4- 0.4- 4
0.5- - ) ) .
0.6 - ) . ) .
w
(¢b)
= 0.7 - ) 1 ) .
|_
0.8 - ) 8 ) 8
0.9 - ) . ) .
1 _ _ _
1.1- * - 1.1= ‘ : 1.12 ‘ ;
-0.06 004 -0.02 002 -0.06 -0.04 -0.02 002 -0.06 -0.04 -0.02 002

Amplltude Amplltude Amplltude



Processed Accelerometer Processed 10Hz Processed 4.5Hz
Impedance Inversion Impedance Inversion Impedance Inversion

Impedance Impedance Impedance
10%(kg*m/(m>*s)) 10°%(kg*m/(m>*s)) 10%(kg*m/(m>*s))



BLIMP 1Hz cut-off

Accelerometer BLIMP Inversion
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BLIMP 5Hz cut-off
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BLIMP 3Hz cut-off

Accelerometer BLIMP Inversion
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Conclusions

* BLIMPIinversion relies heavily on the low
frequencies of the well impedance and isvery
sensitive to the low frequency cut-off value.

» Prediction filter low frequency recovery methods are
good for ssimple models with flat wavelets currently
this method is not suitable for wells or real data.

» Recording lower frequenciesin thefield is possible
even down to 1Hz but some well information is still
required.
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