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Summary 

We investigated the effects of changes in rock properties on 
AVO responses. In the slope-intercept domain, reflections 
from wet sands and shales fall on a trend, the Fluid Line. 
Reflections from the tops of sands containing gas or light 
hydrocarbons fall on a trend below the Fluid Line; 
reflections from the base of gas sands fall on a trend above 
the Fluid Line. The distance of these trends from the Fluid 
Line depends upon pore fluid compressibility; i.e., distance 
increases with increasing compressibility. But, if all other 
factors are equal, base of sand reflections are displaced 
further from the Fluid Line than top of sand reflections. 
Consequently, base of sand reflections, which identify 
down-dip limits and fluid contacts, will be more prominent 
than top of sand reflections. Porosity changes affect 
acoustic impedance, but do not significantly impact the 
Vp/Vs contrast. As a result, porosity changes move the 
AVO response along trends parallel to the Fluid Line. 

Effects of Elastic Property Changes on AVO 

For small angles of incidence 8, usually less than 30”, 
Shuey (1985) and others have shown that the 
compressional wave reflection coefficient is approximately 

R(B) = A+ Bsin2(0) 
(1) 

In (I), 0 is the angle of incidence, A is the intercept or 
value of the reflection coefficient at normal incidence, and 
B is the slope, which measures amplitude increase or 
decrease with incidence angle or offset. 

For small perturbations in velocity and density at a 
reflecting interface, the intercept and slope may be 
approximated by (Aki and Richards, 1980) 

A=&+* a,,d 
~ 2P 

(2) 

In (2) and (3), a, p, and p are the averages of the 
compressional wave velocity (VP), shear wave velocity 
(I’s), and density above and below the reflecting interface; 
Aa, Al3, and Ap are the differences in compressional wave 
velocity, shear wave velocity, and density between the 
layer below and the layer above the reflector. 

Let y =/X+X Neglecting second order terms, 
Ay Afl Aa -z-m-. 
Y P a 

(4) 

Substituting (4) into (3) and collecting terms shows that 

B=(l-8y2)A-4yAy+(4y2-l)*. 
2P 

If the ratio y is close to %, the last term can be neglected as 
a second order perturbation, yielding the equation 

B=(l-8y2)A-4yAy. (5) 
Equation (5) describes a family of lines that are parallel to 
the line 

B=(l-8y2)A. (6) 
See Figure 1. We call the line defined by (6) the “Fluid 
Line”. The slope of the Fluid Line depends on the 
background Vp/Vs ratio (@G’s = l/y). The slope of the 
Fluid Line is -1 if Vp/V..=d (y=%) and the Fluid Line trend 
rotates counterclockwise as background Vp/Vx increases. 

Figure 1. Intercept (A) vs. Slope (B) Cross Plot. AVO responses at 
top of sand are shown for the four classes of gas sands 

These observations about the Fluid Line hold whether the 
background VpNs is constant or slowly varying (Castagna, 
et al., 1998). 

The Fluid Line is important because reflections from wet 
sands and shales, which have little contrast in Vp/Vs, tend 
to fall on the Fluid Line trend; reflections from 
hydrocarbon bearing sands do not. 
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