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NAZ field data application
While separated wavefield imaging (SWIM) benefits from 
large streamer array utilized in WAZ survey geometries, it 
also improves the resolution of shallow subsurface targets 
when applied to narrow azimuth (NAZ) data. Acquisition 
footprint and poor near-surface image resolution present 
ongoing challenges in particular in shallow water environ-
ments when only primaries are used for imaging. In order 
to improve the image resolution, high-density 3D (HD3D) 
acquisition survey geometries can be designed comprising 
denser sail-line spacing and richer near offset information. 

Figure 6 shows a zoom view centered on the water bottom, 
sediment and top salt. In the plots, the angle gathers are 
displayed in inline (zero-degree azimuth) and cross-line 
(90-degree azimuth) directions with maximum angles rang-
ing from -70 to +70 degrees. The zero-degree azimuth 
angle gathers from SWIM (Figure 6C) is much more finely 
sampled than the gathers from imaging with primaries only 
(Figure 6A). Moreover, in the 90-degree azimuth direction 
only very few reflection angles are imaged (Figure 6B), while 
SWIM enables the creation of densely populated angle gath-
ers that are easier to interpret (Figure 6D).

Figure 7 Images from primaries (A) and from multiples (B) in the cross-line direction. The image from primaries is contaminated by a very strong acquisition 
footprint. The image from multiples shows significant improved illumination in the shallow subsurface.

Figure 8 Depth slices at 105 m below sea surface from imaging of primaries (A) and imaging of multiples (B). The image from multiples not only includes greater 
coverage of the subsurface at this depth but the image also includes details that are not present in the primary wavefield image. Imaging of multiples enhances 
subsurface imaging illumination and resolution.
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However, this inadvertently increases the cost of both acqui-
sition and data processing. As has been discussed above, 
free-surface multiples provide a significantly wider and 
denser sampling of shallow reflectors than is possible with 
primaries arrivals. Separated wavefield imaging therefore 
provides a possible low-cost alternative to high-density 
acquisition geometries in shallow water environments.

We illustrate the near-surface image improvements from 
SWIM using a NAZ dataset from offshore Malaysia. Within 
a 25 km by 23.4 km testing area, 49 consecutive sail-lines 
of dual-sensor streamer data are imaged utilizing up- and 
down-going wavefield estimates. Figure 7 shows cross-line 
sections through the depth image for (A) the primary only 
image and (B) and the SWIM image. Significant gaps are 
visible in the primary only image of the very shallow over-
burden caused by the limited illumination fold due to the 
large sail-line separation and the required mutes to eliminate 
refracted energy arrivals.

In contrast, the SWIM images provide a complete 
near-surface image (Figure 7B). These significant image 
improvements are confirmed on a shallow depth slice at 
105 m below the sea surface (Figure 8). The SWIM data 
(B) provides a shallow channel image of unseen clarity and 
structural detail.

Conclusions
Free-surface multiples contain valuable information about 
the subsurface that can be used to improve the subsurface 
image instead of discarding multiples as unwanted noise. In 
dual-sensor towed streamer acquisition, the recorded data 
can be accurately deghosted by separating the data into 
up-going and down-going components. These up-going and 
down-going wavefield components form the natural input 
for shot profile wave equation migration. In separated wave-
field imaging (SWIM) the down-going wavefield is used as a 
virtual areal source, resulting in images with increased angu-
lar illumination. The use of the multiples also improves the 
extent of the subsurface image and its resolution. Significant 
near-surface image improvements are observed for both 
wide-azimuth and narrow azimuth geometries.

The process of imaging with multiples can create cross-
talk, which can be partially mitigated by using improved 
deconvolution imaging conditions, but is still subject to 
ongoing and active research.
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