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Summary

Here we present a case study from the North Sea to
demonstrate how fracture orientations can be estimated
from 3D marine streamer data. The data include a 3D
survey shot ten years ago using a two-streamer 3D boat.
Super gathers are formed from the two streamers com-
bined with crossed 2D lines from other vintage surveys
to overcome the lack of azimuthal coverage. This gives
rise to at least three azimuthal gathers for each CDP
point along any particular crossed 2D line. The approach
requires careful data processing to match the acquisition
geometry, phase and amplitude characteristics of the 2D
and 3D surveys. Azimuthal AVO analysis is then carried
out for each CDP point along the crossed 2D lines. In
this way, the lateral variation in fracture orientations
can be determined, and the results agree with previous
analysis of orthogonal 2D lines (Liu et al., 1999).

Introduction

Azimuthal P -wave AVO has been used successfully for
characterizing a variety of fractured gas reservoirs in
land 3D data (e.g. Lynn et al., 1996; Mallick et al., 1998;
Grimm et al., 1998). However, the application of P-wave
fracture detection to marine data is a challenge because
of the lack of azimuthal coverage in marine streamer sur-
veys. MacBeth et al. (1997) reported the �rst example of
this phenomenon for a marine dataset comprising several
crossed 2D lines from di�erent vintages. In this paper,
we examine the possibility to combine crossed 2D lines
with 3D multi-steamer surveys for fracture detection.

Study area and datasets

The Data were recorded over a salt-induced structure in
the Central North Sea with intensive faulting in the area
(Figure 1). The target is the Eko�sk and Tor formations
in the Chalk sequence. The top and bottom of the target
are at 3130ms and 3200ms two way time, respectively.
The chalk sequence is approximately 200m thick and is
known to be fractured. High hydrocarbon saturations
are believed to be related to the fractured/fault zones.

There are total 88 swathes in the 3D data and each swath
has two receiver lines, which are parallel to each other. In
addition, there are ten 2D lines (Figure 1). These datasets
were shot about ten years ago. The azimuth of the 3D
swathes is also parallel to the main fault system at the
target depth. For such a dataset, initially it appears to be
inadequate for azimuthal analysis for fracture detection,
simply because of the lack of azimuthal coverages.

Fig. 1: Depth map of the target (Eko�sk). The dashed lines
show the shot direction of the 3D swathes, and the solid lines
show the crossed 2D lines. There are total 88 swathes and ten
2D lines across the 3D area.

Data processing

We utilise the multi-streamer con�guration in the 3D
survey to increase azimuthal coverage. Combined with
a crossed 2D line, this will give rise to at least three
azimuthal gathers at each CDP point along the crossed
2D line. To ful�ll this goal, we develop the following
three-match processing scheme. The �rst match is the ge-
ometry match which matches the coordinate values from
the navigation �les to their corresponding traces. This
proves to be very time consuming for vintage datasets
because of possible missings in shots and navigation
data. The second match is the CDP bin match between
the 2D and 3D surveys. This is also time consuming,
due to variations in acquisition geometry among di�erent
2D lines and between the 2D and 3D surveys. The third
match is the data match which deals with time shifts and
source signature di�erences among these vintage surveys.

Azimuthal AVO analysis

The key question to be addressed is whether su�cient az-
imuthal variations in P-wave attributes can be observed
to perform a reliable analysis? For this, we will focus on
azimuthal AVO analysis, since azimuthal velocity and
moveout analysis often require longer o�set coverage
than AVO analysis. This is aided by the presence of
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strong and coherent reection events from the top and
bottom of the target (Figure 3).

6.265e+06

6.2652e+06

6.2654e+06

6.2656e+06

6.2658e+06

Y
-a

xi
s

479600 479800 480000 480200 480400
X-axis

6.2655e+06

6.267e+06

6.2685e+06

6.27e+06

6.2715e+06

6.273e+06

Y
-a

xi
s

477000 478000 479000 480000
X-axis

Fig. 2: Azimuth distribution analysis. Left - the distribution
for a given CDP. Right - the distribution for all CDPs along a
crossed 2D line

Fig. 3: The top and bottom reections from the target as iden-
ti�ed in the super gather of the combined 2D and 3D surveys.

Firstly, the amplitudes at all o�sets at the top target in-
terface are picked up, and traces with o�set separation
less than 10m are summed together. Secondly, we use the
following equation for azimuthal AVO analysis:

F (�; �) = A(�) +B(�) cos 2�; (1)

where F (�; �) represents the P -wave amplitude, � is the
incidence angle, � is the azimuthal angle measured from
the fracture strike, and A(�) and B(�) are azimuthally
invariant coe�cients. We use the least-square method
to calculate the three parameters for di�erent o�sets. For
each o�set distribution, a set of A, B and � are calculated
and the results are averaged over all o�sets for a given
CDP (Figure 4).

Conclusions

We have evaluated the possibility of using 3D marine
streamer data for determining the fracture orientation.
Careful processing is required to match the acquisition
geometry and compensate for variations in time shifts

Fig. 4: Results of azimuth AVO analysis. The fracture orien-
tation calculated for each o�set distribution for a given CDP
(left) and the fracture orientation for each CDP along a given
crossed 2D line (right).

and source signatures. For this, we have proposed a
three-match scheme: geometry match, CDP bin match
and data match. The result from this case study reveals
good potential for further applications to modern 3D
marine surveys with wider-azimuthal coverage and
improved data quality.
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