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SUMMARY

Multicomponent data are degraded due to near-surface scattering and
Ion-ideal or unexpected source behaviour. These effects cannot be
neglected when interpreting relative wavefield attributes derived from
compressional and shear waves.They confuse analyses based on standard
scalar procedures and a prima facia interpretation of the vector wavefield
properties. Here, we highlight two unique polar matrix decompositions
‘or near-surface correction in offset VSPs, consider their inherent
mathematical constraints and how they impact on subsurface
n terpretation. The subsurface response  may be assumed complex
symmetric  
orthogonal 

  and the near-surface response to be complex
  or  can be unitary   

  hermitean   Neither assumption is suitable for the
near-surface operator,although the former is more appropriate for a
general anelastic subsurface.The first method is applied to a four
component subset of a six component field data from a configuration of
three concentric rings and walkaway source positions forming offset VSPs
in the Cymric field, California. The correction appears successfull in
automatically converting the wavefield into its ideal form, and the qS1
polarizations scatter around N15ºE in agreement with the layer stripping
of Winterstein and Meadows (199 1).

INTRODUCTION

Excitation and interaction of the seismic wavefield in the near-surface
carries with it not just the traditional difficulties associated with
near-surface multiples,but also scattering from heterogeneities, local
conversions, polarity reversals,and source imbalance.Many of the
interpretational difficulties with near-offset VSP data can be alleviated by
near-surface correction using a simple matrix operator designed from the
shallowest recordings. Results from application of this technique to
four-component VSP (Zeng and MacBeth 1992), and more recently a
nine-component data, are encouraging. Here, our objective is to analyse
possible ways of extending the scope of this type of correction to offset
VSPs, for which the correction can now no longer be completely
deterministic but must include a mathematical constraint for the medium
properties.

DATA ANALYSIS

Multicomponent field data
The data for this work comes from the study of Winterstein and Meadows
(199 1 ), which is one of the few surveys specifically designed to analyse
subsurface anisotropy. For this acquisition use was made of two
alternating ARISTM sources, with locations forming three rings of offset
VSPs with radii nominally 60, 100, and 210m, and a walkaway VSP
(Figure I). A single three-component receiver was positioned at 472m
depth in the slightly deviated well, being moved to 305m depth for
recording the inner ring. Full data acquisition? conditioning and
processing details are discussed in Winterstein and Meadows (1991).
The six-component data are shown in Figure 2(a).

A particularly interesting feature of these data is that near-offset VSP
analysis using layer stripping reveals a 240m anisotropic surface layer of
Tulare sands and Pebble conglomerate with a strong 14% birefringence
which then reduces to 6% in the subsurface, with a corresponding change
in the qS1 (fast shear-wave) polarization direction from N60°E to N10ºE

FIGURE 1 . Plan view of source positions and wellhead for Cymric offset
VSPs, adapted from Winterstein and Meadows (199 1). Three-component
receiver tool is positioned at 472m depth. Dashed lines are for reference.

The offset data show lags between split shear-waves which vary strongly
with source location and indicate strong, site dependent near-surface
effects. This dataset appears suitable for testing and developing our
correction method. In our work we are encouraged by the analysis of
Winterstein and Meadows (1991), who applied a site-dependent
anisotropic correction to each sourcelocation to reveal subsurface
polarizations consistent with the near-offset data. Here we build upon this
work by analysing possible automatic methods for processing these
near-surface effects.

Vector convolutional model for offset VSP data
As with the scalar convolutional model, this provides a useable
approximation to the recorded wavefield for the purposes of processing
and subsequent analysis.Details of the assumptions made in this
approach are given by Zeng and MacBeth (1993). Here we extend this to
interpretation of the offset VSP data.

The three-component vector displacements  at the ith recordings
station in the offset VSP generated by m non-parallel single source
motions,      are collected together in a single data matrix 

      and related to the source matrix  
    A nine-component recording may be described in

the frequency domain by the compact form:

where the 3x3 matrix  represents the medium response which
contains information on the anisotropic properties of the subsurface and
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FIGURE 2. (a) Recorded six-component data matrix formed by
three-component vector displacements for in-line (Y) and cross-line (X)
sources recorded along X, Y and Z (vertical) directions. (b) Synthetic
seismograms corresponding to recorded data matrix, computed using a
uniform anisotropic subsurface and birefringence values from Winterstein
and Meadows (1991).

near-surface layers. Pi(t) is a station dependent noise term. Here we
assume ideal instrumentation (G(W) =  =  with preprocessing to
align the receiver and source components along the in-line (Y) and
crossline (X) directions. It is further assumed that the shear-wave portion
of the wavefield can be visually separated from the compressional waves.

For a weak anisotropic elastic medium (1 to 6% birefringence) the
split shear-waves  and  possess linear polarizations, being mutually
orthogonal and lying in a plane normal to the ray direction (Figure 3).
In this case, and transformation to and from the dynamic axes is
appropriate at oblique incidence, and the singular matrix response 
can be constructed:

(2)

where  is the angle of incidence and  is the polarization angle of the
qS2 wave (slow shear-wave) relative to the projection of the in-line (Y)
direction into the dynamic plane (Figure 3). The 3x3 matrix  is a
three-dimensional orthogonal rotation operator about the Z-axis by an
angle  and  is the diagonal phase matrix  ,0},
with =  and  the traveltime. If the raypaths remain in
the vertical plane which includes the source and receivers (a reasonable
approximation for weak anisotropy) and the X-axis is orthogonal to this,

the resultant matrix is symmetric and may be written (Li et al. 1993):

where a =   a n d   =  s i n @ ) ,  A ( o )  =   +
 B(o) =      ;  a n d   =

 +  The equation is directly tested on the
field data in Figure 4(a), and the synthetic seismograms for a model with
a uniform anisotropic symmetry and orientation.We plot the matrix
elements:

   
     

which are expected to be in-phase; and the matrix elements:

     

(4a)
(4b)

(4c)

which are expected to be out of phase.We see that the ideal symmetric
form of  in Equation (3) may not be generally realized in practice
but is satisfied by the synthetic seismograms which are computed using a
full-wave modelling package Taylor( 1991) and the anisotropic model of
Winterstein and Meadows (I 991) without the polarization change (Figure
4(b)). The departure from this behaviour is thought to be due to the
near-surface, and can be partly emulated (but not intentially matched) by
incorporating the observed polarization change (Figure 4(c)).
Representing this near-surface effect by the multicomponent operator
N(w),  can be re-written as  (defining a reference level
Z =  where a simple convolution in the frequency domain is justified),
where  is now the subsurface operator conforming to our model
expectations. The processing objective is seen as postmultiplication by an
appropriate multicomponent operator to recover a data matrix as close to
the ideal form of Equation (3) as possible.

Near-surface correction
Due to inherent nonuniqueness in Equation (I), N(w) cannot be solved
directly without imposing mathematical constraints on the form of the
matrices. The constraints take one of two forms, which result in a
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FIGURE 4. Cross-plots of time-series from different components of data
matrix for comparison of phase relationships. Patterns in first two boxes
should be linear indicating in-phase motion, and those for the last box are
expected to be out of phase. (a) Recorded field data from Figure 2(a); (b)
Ideal synthetic seismograms from Figure 2(b); (c) Synthetic seismograms
with directional change for anisotropic symmetry axis in near-surface; (d)
four-component subset of field data with near-surface correction.

SYNTHETIC FOR CHANGE IN ANISOTROPY

(d) OBSERVED AFTER
CORRECTION

104


