AVA Inversion.
Although the preferred way of calculating real AVA responses of a reservoir is by using a realistic overburden and reservoir model, which both might consist of multiple relatively thin layers. If we use the standard calculation based on a flat interface between two half spaces and a plane wave, we ignore the influence of multiples and conversions. Still, it is useful to use this simplified model to study the influence of anisotropy due to fine layering and aligned cracks in the reservoir below an anisotropic shale on the results of inversion.
Therefore, I have designed exercises in which observed AVA can be inverted to relative changes in reservoir properties, going from Iso-shale/Iso-sandstone to VTI-shale/VTI-sandstone to VTI-shale/Ortho-sandstone.
For a fixed VTI shale over an orthorhombic sandstone, the sandstone is fully described by the independent unknowns: VP, VS, ρ, ε1, δ1, γ1 ε2, δ2, γ2. So in the most general weak-anisotropy description: 9 independent sandstone parameters. Therefore, for a fully unconstrained unique inversion at least 9 independent observations are needed. But the AVAZ equation used in my exercises is based on only 5 observations: A,B,C, D1_Normal,D2_Tangential., which is not enough to fully describe a general orthorhombic sandstone.
With constraints such as predefined Vp/VS, ε/δ, Gardner density trend, fracture density, porosity the inversion may become workable, but then the result is model-constrained, not fully unconstrained. Using 5 observations and a 5 parameter model-dependent inversion, additional constraints are needed to obtain a stable model-dependent result. The remaining issue is that the 5 observables (A,B,C,D1,D2) are not perfectly independent (A and  both respond to impedance contrasts, and both respond to anisotropy contrasts,  is often noisy and correlated with ). Hence, mathematically we may have enough equations, but physically the inversion may still be non-unique and an additional constraint is needed. This constraints could be: 1) constrain sandstone porosity: , then: VP, ρ, anisotropy become coupled or 2) constrain anisotropy shape: , with fixed  or 3) add more data, use full R(θ,φ) data instead of only A,B,C,D1,D2. Note that although D1,D2 are a function of the fracture/crack properties, the fracture/crack type cannot be derived directly from D1 and D2 as an additional rock-physics model would be needed.
AVA forward modelling and inversion is not only dealt with in my AVA course but also in a number of my other courses, mainly in exercises.
