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Problem
T e

The full sonic wave is suitable for determination the fracturing, anisotropy and permeability of the
rocks

* On the basis of accustic measurements using Stoneley arrival times inversion
* With algorithms based on simplified, empirical observation
* In-situ permeability can be estimated with full wave logging
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Stoneley wave

The full waveform (compressional, shear, surface
and flexural waves)

Surface wave

The result of interaction of in fluid compressional
wave propagation and in solid shear wave
propagation

Slightly dispersive

If frequency is heading to zero, the wave becomes a
tube wave

The attenuation of ampilitude exhibits frequency
dependence

It can propagate to big distances along the borehole
It’s frequency, generaly is OkHz-10kHz; top: 500Hz

Low frequency Stoneley waves are sensitive to
formation permeability

(they slow down relative to the impermeable
medium)

In permeable medium Stoneley waves slow down
and attenuate
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Permeability estimation from Stoneley
waves

It’s base: the wave slowness increase at low frequency, in porous
media

Buffin (1996) determination: there is a good correlation between
on core measured permeability and permeability index calculated
from Stoneley component of full sonic waveform

Bala (2010) described the relationship between Stoneley wave index
and permeability measured in laboratory with a function which is
linear on segments

It provides permeability without knowledge of porosity

Mutual relationship between logarithm of permeability derived from
laboratory measurements and Stoneley wave index

The permeabibility estimation from Stoneley waves is based on full
waveform



Buffin’s (1996) results
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Bala’s(2010)results
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The flowchart of modeling
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Synthetic model
S

Number of | Sequence | Layer thicknessy POR | SXO | VSH | SWIRR | DTS

layers (m) (us/m)
1. layers shale 5 0.15 1.0 0.5 0.6 691
2.layers water-bearing 5 0.23 1.0 0.3 0.2 738
3.layers shaly sand 3 0.07 1.0 0.8 1.0 674
4.layers | hydrocarbon- 7 0.25 0.7 0.1 0.2 793

reservoir
5.layers shale 5 0.1 1.0 0.7 0.8 678




Homogeneous model
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Inhomogenous model
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The result of permeability ws _&_ mm s moww g 5 me
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The testing of the model

Noise Model Rank na’ ,b” 2l ,d”
[%] distance correlation coefficient coefficient coefficient coefficient
(%)
1 3.67 0.99 11.75 17.81 3.55 -5.45
2 6.86 0.98 3.34 13.31 2.14 3.45
3 9.83 0.98 4.06 5.64 1.75 2.36
4 11.86 0.98 3.88 3.71 143 2.45
5 12.09 0.96 2.24 4.52 1.18 3.95




Application on In-situ data




Examination on field data

Logarithm of core permeability (mD)
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The result of permeability calculation

Depth
1m:200m

=870.0

x875.0

x880.0

x885.0

PERM (BUFFIN)

GR DTSTC IST
APl 200 200 psiiab 260 g 0.95
DTSTM
200 ps/i@b 260
DDTST
———71 I

115 001 mD 1000
PERM (MAG) I
2

0.01 mD 1000
PERM (NEMLIN)

0.01 mD 1000

[
¢

*

>
2

H
|
4
¢
>







Acknowledgement

The research was supported by the Hungarian

Scientific Research Found in the form of project
number PD 109408.

Thanks to dr. Peter Boult (GINKO ENP GNG) for his
consent to use the Australian data set.

Thanks to dr. Peter Norbert Szabd for his
consultancy and for his help



Referencies

A. Timur, 1968: An Investigation Of Permeability, Porosity, And Residual Water Saturation Relationships. Spwla 9th
Annual Logging Symposium, pp. 1-18.

Buffin (1996): Permeability From Waveform Sonic Data In The Otway Basin, SPWLA 37th Annual Logging
Symposium, June 16-19,1996, pp.1-5.

Balan, B., Mohaghegh, S., Ameri, S., 1995: State-Of-The-Art in Permeability Determination From Well Log Data:
Part 1- A Comparative Study, Model Development. SPE 30978, pp. 1-10.

C. Spearman, 1904: The Proof and Measurement of Association between Two Things. The American Journal of
Psychology, Vol. 15, No. 1 (Jan., 1904), pp. 72-101.

Jarzyna J., Bala M., Cichy A., Gadek W., Gasior I., Karczewski J.,, Marzencki K., Stadtm{ller M., Twarég W., Zorski
T., 2002. GeoWin®- System for processing and interpretation of well logging. Proc. of the 8th Conference and
Exhibition of EEGS-European Section. Aveiro. Portugal, Sept. 8-12, (CD only)

M.J. Bala (2010): Can We Determine Permeability with the Stoneley Wave Slowness from Acoustic Full Waveform.
EAGE Proceedings, pp. 1-5.

Szabd N.P. (2012): mélyfirdsi geofizikai kollégium eléaddsanyag

Tang, X.M., C.H. Cheng, and M.N. Tokséz, 1990, Stoneley wave propagation in a fluid filled borehole with a
vertical fracture, Geophysics, 56, pp. 447-460.



Thank you for your attention!

Good Luck!



