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Figure B.17: Time shift curves for the 2 synthetic shot gather pairs based on the 2 models shown in
Figure B.15, for the direct wave in (a) and (b), the 2nd multiple in (c) and (d), and the 4th multiple
in (e) and (f). (a), (c) and (e) correspond to the model with thin low-velocity layer. (b), (d) and
(f) correspond to the model with thick low-velocity layer. Note the difference in smoothness and
quality for the time shift curves to the left and right.
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Since the thickness of the low-velocity layer in the thin layer model is only 10 meters,

the direct wave and the reflection from the first boundary below the sea bottom arrives al-

most simultaneously. The two events do not separate, and the direct wave pulse just gets

a little extended as shown in Figure B.18 (a). In the model with thick low-velocity layer,

the reflection from the first boundary below the sea bottom is clearly separating from

the seabed reflection, as seen in Figure B.18 (b). Hence, the number of separate events

which can interfere with the water layer events becomes much higher in the model with

thick low-velocity layer than for the model with thin low-velocity layer. These interfering

events create "zones" where the wave field becomes complex and it is difficult to separate

the water column events from the interfering events. This may have affected the quality

of the time shift curves, resulting in less precise estimates of the velocity change for the

model with thick low-velocity layer. However, the error in the estimates in Figure B.18

was relatively small, indicating that the TSCI method is relatively robust to the changes

that occur in the wave field as the subsurface layer thickness varies.

(a) (b)

Figure B.18: Traces show the zero offset direct wave and the reflection from the first boundary
below the sea bottom for the model with thin low-velocity layer (a) and the model with the thick
low-velocity layer (b). Note that the two events merge to become 1 event in (a), while there is
larger separation between the events in (b).
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more by the vertical tidal change than the model with shallower water depth. The relative

time shift for zero offset in Figure B.19 is 1. This is because the propagation direction in

both models is vertical for zero offset, and the two models will be time shifted equally.

Figure B.19: Figure illustrates Equation B.11 for the direct wave (n = 1), and shows the relative
time shift between two models with different water layer thickness. z1 is 320 meters and z2 is 350
meters. The velocity used in the calculation of the traveltimes was v = 1490 m/s.

Equation B.11 is plotted for a fixed offset for the direct wave and the 9 first multiples in

Figure B.20. Note how the relative time shift and the differences between the two models

reduce with multiple order. This is because higher multiple orders induce more vertical

propagation for both the model with large water depth and the model with shallow water

depth. This reduces the difference between the time shifts of the two models.

Figure B.20: Figure illustrates the relative time shift between two models with different water
layer thickness in Equation B.11. z1 is 320 meters and z2 is 350 meters. The offset is fixed to 3000
meters, while the multiple order varies. The velocity used in the calculation of the traveltimes was
v = 1490 m/s.
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maximum traveltime difference is º 3.3 ms for 6000 meter offset.

Figure B.22: Raytracing for the direct wave through the blue water velocity profile in Figure B.21.
The water depth is 350 meters. Note the increased bending of the rays for increased offset. The
y-axis is largely exaggerated compared to the x-axis to enhance the visibility of the ray bending.

As seen in Figure B.22, the ray bending increases as the proportion of horizontal prop-

agation direction increases. Hence, the effect of ray bending is largest for the direct wave.

As the multiple order increases, the angle of incidence becomes closer vertical, and the

ray bending effect reduces. For the maximum offset included for the direct wave in this

project, 4000 meters, the bent ray has a reduced traveltime with º 0.8 ms compared to a

straight ray. This is not a large value, but the ray bending will affect the shape of the time

shift curves slightly at the large offsets in this project.
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Figure B.23: Differences in travelled distance between the bent rays in Figure B.22 and the cor-
responding straight rays with the same start and stop points. The differences are calculated by:
(Travelled Distance Bent Rays) - (Travelled Distance Straight Rays). Note the increase in difference
with offset as the rays get more and more bent.

Figure B.24: Traveltime differences between the bent rays in Figure B.22 and the corresponding
straight rays with the same start and stop points. The differences are calculated by: (Traveltime
Bent Rays) - (Traveltime Straight Rays). Note the increase in difference with offset as the rays get
more and more bent.
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