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Two algorithms are presented to estimate Q from marine multi- offset VSP (walkaway) data. The walkaway geometry, 
where an array of 3C receivers remains fixed in a borehole for a line or pattern of shots, provides the opportunity to 
make many measurements of earth attenuation through the same depth interval. As with conventional VSP, high SNR 
direct arrivals are recorded for Q analysis but in the case of walkaways the additional attenuation due to moveout time 
difference is exploited to measure effective Q. 

The first algorithm follows the classical spectral ratio approach but makes use of the data redundancy provided by the 
walkaway geometry. The second algorithm is a waveform inversion through inverse extrapolation and coherency 
optimization. Neither algorithm requires knowledge of the source spectrum. The two techniques are compared on a 
real data set and show good agreement 

INTRODUCTION 

Q is a parameter that quantifies frequency-dependent attenuation due to anelastic absorption, and VSP data have been 
used to estimate Q, the quality factor, for many years (e.g. Ganley and Kanasewich (1980)). The most popular method 
for doing so is based on spectral ratios, where data from two receiver depths straddling an assumed constant Q 
medium are selected. The spectral amplitude A at frequency S and time tz is related to the spectral amplitude at 
time i, by: 

A(f,r,)-:A(f,t,)e-dc’,-tl)‘Q. (1) 

Rearranging and taking the logarithm, 

In 4fYt2) [ 1 - =-tlf(t2 -t,)/Q. 
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(2) 

A linear regression of the left-hand side versus frequency therefore yields a slope which is equal to -n(r, -r,)/Q 

Recently Dasgupta and Clarke (1998) proposed using a spectral ratio approach to estimate Q from surface seismic 
reflection data. In their approach the spectral ratios are computed between the source wavelet spectrum (reference) 
and windowed events in CMP gathers. The intercept of a linear regression to l/Q values versus offset provides the 
effective or cumulative Q estimate down to the zero offset two-way time. The estimated Q values represent effective Q 
in that frequency-dependent scattering effects are rolled into the Q estimate. This is true for the algorithms presented 
here as well. 

Among the problems with using surface data to estimate Q are NMQ stretch, offset-dependent tuning of reflections and 
generally poor signal to noise due to multiples and mode conversions. Using an incorrect source spectrum will also 
bias Q estimates. Many of these problems are obviated if multi-offset VSP data are used, 

The advent of multi-receiver 3C VSP tools has made multi-offset VSP (walkaway) surveys cost effective to acquire 
(particularly offshore), but this type of VSP data has only recently been used for Q estimation (Leaney and Hope 
(1998)). The walkaway geometry is actually ideally suited to estimating Q for a number of reasons: 1) a 3-component 
direct arrival is recorded with high signal-to-noise, 2) common shot velocity filtering attenuates reflections and downward 
traveling mode conversions, and 3) the receiver is essentially at a common depth point so estimated effective Q values 
are appropriate for use in prestack surface processing. 

In this paper two algorithms are described to estimate Q from marine multi-offset VSP data. The first is based on 
spectral ratios while the second is a waveform inversion through coherency optimization. As with the CMP approach of 
Dasgupta and Clarke (1998), the assumption is that the same effective Q exists across the spatial aperture of the data 
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