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Summary 
 
We present an analysis of anisotropic attenuation of direct 
arrivals of a 3D VSP dataset with receiver depths between 
800m and 930m, above the reservoir. A clear azimuthal 
variation of attenuation is present, and this appears to 
correlate with measured traveltime anisotropy. We suggest 
that this effect may be important for processing and 
interpretation of multi-azimuth reflection data.  
 
Introduction 
 
Anisotropy is often used to characterize fracture systems. 
However, azimuthal variation of amplitude or traveltime 
does not only occur at the target, but also in the 
overburden. Hence the effect of HTI anisotropy at the 
overburden may distort the target image.  
 
Maultzsch et al. (2003) discusses the effect of anisotropic 
overburden on azimuthal amplitude analysis and concludes 
that anisotropic attenuation might be very significant when 
the overburden contains cracks and pores which may lead 
to the distortion of the target amplitude.  It is not clear 
whether such an effect could be expected in real field data 
however. 
 
Here we present a clear example of the field observation of 
azimuthal variations of attenuation in the overburden. The 
attenuation anisotropy appears to have the same principal 
directions as would be inferred from traveltime anisotropy 
analysis. We suggest that care should be taken to account 
for this effect during processing and interpretation of multi-
azimuth reflection data. 
 
Method 
 
The method used in the anisotropic attenuation analysis 
proceeds in the following steps 
• Window the seismic traces around the first arrivals. 
• Calculate the damped instantaneous frequency using the 

following equation, 
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where x(t) is the seismic trace, y(t) is its Hilbert 
transform, and ε is a damping factor that minimizes the 
noisy low amplitude areas without affecting the 
instantaneous frequency when the amplitude envelope is 
large. 

 
• Weight the instantaneous frequency by the seismic trace 

amplitude envelope, 

)(

)()(
)(

tW

tWtf
tf Ttm

Ttm

Ttm

Ttm
w

Σ

Σ
+

−

+

−=  

where, W(t) is the seismic trace amplitude envelope, 

with 
2)()( tytW = , 2T is the weighting window 

length and tm is the time at which the amplitude 
envelope reaches its maximum. 
 

• In principle, if the instantaneous frequencies are plotted 
as a function of azimuth, we should see higher 
instantaneous frequencies at the azimuth of minimum 
attenuation if the medium is anisotropic. The variations 
of instantaneous frequency with azimuth can be 
approximated to first order with one term of their 
Fourier series, i.e., following a cos2φ behavior. Hence 
an equation of the form C1+ C2cos2(θ-φ) can be fitted to 
the instantaneous frequencies, where θ is the azimuth, 
and the parameters C1, C2 and φ can be estimated from 
best fitting cosine curve. The parameter φ will provide 
us with the azimuth of minimum attenuation. 
 

• The Spectral Ratio method can be used to calculate the 
relative azimuthal attenuation between a referece trace at 
a reference azimuth  at shallow depth and traces at all 
azimuths at a deeper depth. A cosine curve is fitted to 
the calculated Q values to investigate the presence of 
anisotropic attenuation and to estimate the azimuth of 
minimum attenuation. 

 
Ken 71- J41 3D VSP data 
 
In this paper, we use 3D/3-C VSP data from the Ken 71 
area of the Shengli oilfield (Qian et al. 2007). This zone of 
3 km2 is in the Yellow River delta beside the Bohai Sea. 
The area is relatively flat, and the reservoir is a gentle 
anticline with heavy faulting. The reservoir has undergone 
production through waterflooding, which has altered the 
fluid composition and pressure. In 2005, an integrated 
program of reservoir geophysics was implemented to 
characterize the bypassed oil in the area. This included the 
acquisition of high-resolution 3D/3-C data, cores, logs, 3D 
VSP, and crosswell seismic. The 3D VSP data was shot at 
relatively shallow depth (800m to 930m depth) for imaging 
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purposes. Hence the direct arrivals at this depth provide us 
with an opportunity to study attenuation anisotropy in the 
overburden.  
 
Analysis: Frequency, travel time and attenuation 
anisotropy 
 
The dataset consists of 7097 shot gathers gathered at 3km x 
3km area. 14 receivers at depth 800m to 930m at 10m 
spacing have been used to acquire the data. Fig. 1 shows 
the geometry of the 3D VSP dataset and the location of the 
well and the receivers 

 
Fig. 1: The geometry of Ken 71- J41 3D VSP dataset 

 
Since we have high density of shot gathers in the dataset, 
walk around datasets with very good azimuthal coverage 
can be sorted from the data. An example of two walk-
around gathers at offsets 825m and 1250m are shown in 
Fig. 2. The results shown in this study are from the offset 
1250m walk-around gather. 

 
Fig. 2: Geometry of walkaround shot gathers at offsets 825m and 
1250m 

 
The Z component of the 3-C data has been used in this 
analyis. The Z component of a typical shotgather in the 
dataset is shown in Fig. 3. The first arrivals are picked and 
seismic traces are windowed around the first arrivals to 
analyze the amplitude, frequency and traveltime.  
 

 
Fig. 3: A typical Z component from a shot gather in the dataset 

 
Instantaneous frequencies are calculated from the 
windowed traces and plotted as a function of depth for all 
the shots in the walk-around gather in Fig.3. Each line in 
the plot represents the instantaneous frequencies of a single 
shot gather. Obviously, there is a significant difference in 
instantaneous frequencies between different shot gathers.  
To minimize the effect of frequency differences between 
different shots, we have normalized the instantaneous 
frequencies of first arrivals at all receivers by making the 
first arrival instantaneous frequency equal at the first 
receiver for all azimuths. Fig.4 shows the plot of the 
instantaneous frequencies after the correction has been 
applied.  
 

 
Fig. 3: Calculated instantanous frequencies as a function of depth 
for all shot gathers in a walk around data set.  
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Fig.4: Normalized instantaneous frequencies as a function of depth 
for all shot gathers in a walkaround data set. 

 
Fig.5: Cosine fit to normalized instantaneous frequencies at 
depth 810, 830, 850, 870, 890, 910 and 930m, respectively 
from top to bottom. 

 

 
Fig. 6: Coefficients and Phi (φ) from cosine fit 

 
 

 
Fig. 7: Cosine fit to normalized travel times at depth 810, 
830, 850, 870, 890, 910 and 930m, respectively from top to 
bottom. 
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Fig. 8: Coefficients and Phi (φ) from cosine fit to arrival 
time 
 

 
 

Fig. 9: a) Rose diagrams showing the azimuth of minimum 
attenuation from the frequency analyis and  b) azimuth of 
minimum traveltime from the traveltime analyis 
 
Instantaneous frequencies at a specific depth, when plotted 
as a function of azimuth, present a clear sinusoidal 
variation. Hence the equation, C1+C2cos2(θ-φ) has been 
fitted to the instantaneous frequencies and has been plotted 
in Fig. 5. Fig. 6 shows the parameters C1, C2 and φ as a 
function of depth.  The parameter C1 represents an average 
instantaneous frequency and obviously it decreases with 
depth as expected. The parameter C2 is the amplitude of 
the cosine curve and it increases with depth as expected. 
The parameter φ is consistent with depth and gives an 
azimuth of minimum attenuation of 92 degrees. 
 

 
Fig. 10: Estimated attenuation between the sum of first arrivals at 
first three receivers(depth 800-830m) and at the deeper three 
receivers(depth 900-930m) 

 
Fig. 11: Relative attenuation between a reference trace at a 
reference azimuth  at 800m depth and traces at all azimuths at 
930m depth. 

 
Similar analysis has been made to the arrival times for first 
breaks and it is plotted in Fig. 7 and the coefficients from 
cosine fit are plotted in Fig. 8. The parameter C1 increases 
with depth as it should, but the parameter C2 does not show 
an increase in amplitude unlike frequency analysis. The 
parameter φ is very consistent with an average azimuth of 
minimum travel time of 97 degrees.  Rose diagrams 
showing the azimuth of minimum attenuation from the 
frequency analyis and  azimuth of minimum traveltime 
from the traveltime analyis are plotted in Fig. 9. 
 
The seismic attenuation Q has been calculated between the 
sum of traces at 800 to 830m depth and sum of traces at 
900 to 930m depth.  The Q value averages at 25.52 and it is 
plotted in Fig. 10. 
  
Now, the relative attenuation has been calculated using the 
spectral ratio method, between the sum of first arrival 
traces at the first three receivers (depth 800-830m) at a 
reference azimuth  and the sum of deeper three receivers 
(depth 900-930m) for all azimuths. The calculated Q values 
along with the cosine fit are shown in Fig. 11.  The 
parameter φ from the cosine fit gives us 96 degrees as the 
azimuth of minimum attenuation which is consistent with 
the results from the frequency and travel time analysis.   
 
Conclusions 
 
This study has demonstrated that potentially significant 
azimuthal variations in attenuation can occur in the 
overburden. Our analysis suggests that the azimuth of 
minimum attenuation corresponds to the azimuth of 
minimum traveltime, although less ambiguity appears to 
exist for the attenuation measurements. If this turns out to 
be a pervasive effect, then care will have to be taken in the 
analysis of multi-azimuth reflection data. 
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