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Abstract

The elastic properties of the medium are scale-dependent and therefore it would be ideal to make the best possible use of the seismic data by
integrating it with the available well-log data. Effective medium theory (EMT) uses homogeneous physical properties to calculate the effective
properties of a heterogeneous medium thereby bridging the gap between the macro- and micro- physical properties. Depending upon the
complexity of the medium, different effective medium theories are used. Pair Correlation Function (PCF) approximation method that takes into
account the effect of scattering is a very effective tool in understanding the heterogeneity of the medium. It considers the interactions between
any two points of a heterogeneous medium. The maximum heterogeneity is recorded when there are fluid filled inclusions in the matrix. The
study has previously been successfully carried out mostly on well-log data to distinguish the productive zones from the non- productive zones.
The correlation function has two parts: amplitude and correlation radius. This work deals mainly with the amplitude part of the PCF that tends
to be higher if the properties of the medium are drastically different in composition from its surroundings. The amplitudes of PCF are
calculated for elastic stiffness tensors, density, and porosity. The seismic and well-log data are from the northern part of South Marsh Island in
the Gulf of Mexico. The Tertiary sediments of interest are generally interbedded sands and shales. Apart from distinguishing the productive
layer, an interesting correlation between the gamma ray-log and the amplitude of PCF has been observed through this study. This could help in

quantifying the net to gross sands in a reservoir. We are also extending its application to the downscaled velocities to understand the measure
of heterogeneity from 3D seismic data.
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Motivation

* Better and effective integration of the seismic and well-log data to
understand the subsurface

* On the look out for a methodology that can help map the producing
zones as well as enable to understand the heterogeneity of the reservoir

* Net sand thickness estimation and understanding of depositional
element or environment ???



Objective

 To understand heterogeneity using correlations of fluctuations of various
measured and calculated parameters like velocity, density, porosity and
stiffness tensors



Pair Correlation Function (PCF) Approximation method

* Introduced by Lifshitz and Rosenzweig in 1947 and modified by
Shermergor, 1977

 Modified and applied by Chesnokov et al., 1995
* An averaging and upscaling technique

* |dentify the productive from the non — productive zones



Pair Correlation Function Approximation method

The effective stiffness tensor and density using the pair correlation function method is given by :

C;kl (v, K) =<LCjjq > + || B g;nkri (F)Gr?,p,nq (v, r)e 'Kdr

p"(@,K) = (p(r) — »* [ cos(k, NG (w,1) B(r)dr

Where,

w = cyclic frequency

k = wave vector,

B = correlation function,

Ciini (i, j, k, 1 =1, 2, 3) = 4th rank effective elasticity tensor, and

G° = dynamic Green’s function which depends on medium properties and frequency.

Chesnokov, 2001



Pair Correlation Function

Bija (r) isthe pair correlation function

cc Pamn

Bijk () = <Ciljkl (X)C'pqmn (X+T))
B(r) = (o (x)po (X +r))

where, Ci, (X) = Cjjy (X) —<(C;jq (X)) the fluctuation of stiffness tensor

£ (X) = p(X) —{ (X)) the fluctuation of density tensor

Fluctuation|is the deviation of the function from its averaged value

Chesnokov et al., 1995



Components of Pair Correlation function

Chesnokov, 1995

PCF Amplitude Correlation

| 1“1“5

Bija  (r) 5 Ajq [e(r)

®(r) - Function describing co-ordinate dependency of the
correlation function

cc Pamn

Aiji () = <Ci'jk| (X)C;oqmn (X»‘ window



Averaging window

* Medium within the window is statistically homogeneous.

1800

1900+
* The logging step is one feet
 Window length = wavelength (calculated from velocity and =
frequency) .
£ 2100
1 <
<C33> — chg(r) 2200+
LW r=1
2 ~
Css3(r) =V (r)o(r)
Where, _— 1 ; —
Cg; = Stiffness Tensor s I
L, = Window length 3 .
V. = P-wave Velo city Modified from Tiwary et. al, 2009
p
p= Bulk Density

Backus, 1952
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South Marsh Island

* Terrigenous sediments deposited by the shifting Mississippi depocenter
from the Oligo-Miocene to the present.

* Sediments are dominated by shale with inter bedded sands deposited by
fluvial and deltaic systems.

 Dominated by listric normal faults that sole into evacuated salt sheets,
or welds.
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Basemap showing the well locations and correlation
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Well A — Layer Attributes
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Well A - Amplitude of fluctuations of C33 and Density
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Basemap showing the well locations and correlation
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Well B - Amplitude of fluctuations of C33 and Density
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Basemap showing the well locations and correlation
of gamma ray logs
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Well C- Amplitude of fluctuations of C33 and Density
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Basemap showing the well locations and correlation
of gamma ray logs
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Well D- Amplitude of fluctuations of C33 and Density
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Basemap showing the well locations and correlation
of gamma ray logs
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Well F- Amplitude of fluctuations of C33 and Density
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Amplitude map extracted along th
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Conclusions

* Can identify/detect the hydrocarbon zone

* Reflects the inhomogeneity of the sands, which is supported by the
GR log or calculated volume of shale

 Understand the depositional element

* High confidence Time-Depth table very crucial for integrating this
study with seismic



What next?

Can identify the hydrocarbon zones (already proved)

!

Calibration with GR log as well as seismic amplitude maps

}

Fluid Substitution to check if this works for hydrocarbon + sand
heterogeneity

}

Downscaling to predict logs

}

Perform the same operation on the predicted logs

!

Look for sweet spots to drill wells
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