
4.4. Two-dimensional canyons

Figure 4.13: The input impedance volume convolved with the source wavelet for the
270m wide canyon. For comparison with �gures 4.12 and 4.18.
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4.4. Two-dimensional canyons

Figure 4.14: The KPSDM stack from the 2D modelling of a 100m wide canyon.
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4.4. Two-dimensional canyons

Figure 4.15: The input impedance volume convolved with the source wavelet for the
100m wide canyon. For comparison with �gures 4.14 and 4.19.

Figure 4.16: The RTM stack from the 2D modelling of a 1km wide canyon.
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4.4. Two-dimensional canyons

Figure 4.17: The RTM stack from the 2D modelling of a 500m wide canyon.
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4.4. Two-dimensional canyons

Figure 4.18: The RTM stack from the 2D modelling of a 270m wide canyon. Note the
prism wave artifacts at the base of the canyon.
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4.4. Two-dimensional canyons

Figure 4.19: The RTM stack from the 2D modelling of a 100m wide canyon. Note the
prism wave artifacts at the base of the canyon.
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4.4. Two-dimensional canyons

Figure 4.20: The near angle stack from the KPSDM migrated data over the 270m wide
canyon showing the distortion fanning out beneath the sea�oor canyon.
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4.4. Two-dimensional canyons

Figure 4.21: The mid angle stack from the KPSDM migrated data over the 270m wide
canyon showing the distortion fanning out beneath the sea�oor canyon.
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4.4. Two-dimensional canyons

Figure 4.22: The far angle stack from the KPSDM migrated data over the 270m wide
canyon showing the distortion fanning out beneath the sea�oor canyon.

Figure 4.23: KPSDM cdps starting from the centre of the 270m wide canyon and spaced
every 25m. The green line shows the mute used to generate the stacked image. The red
circles highlight the distortions generated by the canyon moving the wider o�set in gathers
further from the centre of the canyon.
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4.4. Two-dimensional canyons

Figure 4.24: A KPSDM near o�set section from the 270m wide canyon showing the
distortion generated by the sea�oor canyon separating with depth. The e�ect of the prism
waves are also very obvious at the base of the canyon.

Figure 4.25: RTM migrated pseudo-CDP gathers from the 270m wide canyon with the
mute used in the full stack overlaid.
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4.4. Two-dimensional canyons

Figure 4.26: The near angle stack from the KPSDM migrated data over the 500m wide
canyon showing the distortion fanning out beneath the sea�oor canyon.
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4.4. Two-dimensional canyons

Figure 4.27: The mid angle stack from the KPSDM migrated data over the 500m wide
canyon showing the distortion fanning out beneath the sea�oor canyon.
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4.4. Two-dimensional canyons

Figure 4.28: The far angle stack from the KPSDM migrated data over the 500m wide
canyon showing the distortion fanning out beneath the sea�oor canyon.
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4.4. Two-dimensional canyons

Figure 4.29: The near angle stack from the RTM migrated data over the 270m wide
canyon showing little distortion beneath the sea�oor canyon.
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4.4. Two-dimensional canyons

Figure 4.30: The mid angle stack from the RTM migrated data over the 270m wide
canyon showing little distortion beneath the sea�oor canyon.
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4.4. Two-dimensional canyons

Figure 4.31: The far angle stack from the RTM migrated data over the 270m wide
canyon showing little distortion beneath the sea�oor canyon.
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4.4. Two-dimensional canyons

Figure 4.32: The KPSDM stack generated using the data from the 270m wide canyon
and the velocity from the 500m wide canyon showing increased distortion adjacent to and
beneath the canyon.
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4.4. Two-dimensional canyons

Figure 4.33: The RTM stack generated using the data from the 270m wide canyon and
the velocity from the 500m wide canyon showing some distortion adjacent to and beneath
the canyon.
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4.5. Computational resource management

4.5 Computational resource management

As discussed in the introduction, the increasing availability of computational power has

made this project feasible in an academic environment. Despite this, the scale and com-

plexity of the modelling I conduct presents signi�cant computational challenges.

EFDM-PML 3D is parallelised for multiple threads using OpenMP, but is not paral-

lelised for multiple nodes; so each simulation is run on a single node. The nodes available

could �t 2.6 billion grid points for elastic wave propagation simulation, this limits the grid

spacing in the model to a minimum of 3.8m and a maximum frequency of 35Hz to prevent

any signi�cant dispersion.

The 3D synthetic modelling required 5000 shots to be simulated in order to cover the

target area. The node size limitations made it impractical to simulate each shot on the

full model grid, so each shot was simulated on a subset of the full model, each subset

was 5.2km inline x 1.5km crossline x 3km deep with a grid spacing of 4m. Each shot was

simulated for 6000 x 0.5ms time steps. After several rounds of testing each shot took 2.5

hours to run on a single node, resulting in 12,500 node hours for the �nal simulation.

The time migrations were less computationally expensive and therefore ran on a single

workstation over a week. The depth migrations required 10 nodes for a week per migration

with the ray-tracing being the most computationally expensive component. I found it

was not feasible to run the RTM code on CPUs as the computation would have required

hundreds of days of node time; therefore, I used a GPU version of the migration algorithm

which was able to migrate a single shot in 40 minutes. This enabled me to migrate all

5000 shots in each dataset in 61 hours using 55 GPU nodes. In addition, each migration

required multiple tests on data subsets that were also computationally intensive, increasing

the overall computational cost.

4.6 Plane-wave modelling

To mitigate the cost of full 3D shot simulation I conduct an initial plane wave modelling

run to highlight the canyon e�ects and target the 3D shot simulation For this simulation,

I created a velocity model using a 7 km x 7 km section of the bathymetry map (indicated
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4.6. Plane-wave modelling

Figure 4.34: A cross-section of the velocity model used for plane wave modelling.

by the red square in Figure 4.1) and inserted a polynomial velocity gradient beneath it

based on the migration velocity model. Figure 4.34 shows a cross-section of the velocity

model. I used the density model to create horizontal impedance contrasts at 1 km and

2 km depths, and dipping from 2 km to provide targets for analysis (see Figure 4.35).

Inserting density contrasts rather than velocity contrasts produces impedance changes to

image without increasing the velocity complexity and potentially compounding the sea�oor

velocity e�ects. This data is not migrated, instead I record the re�ected wave�eld at the sea

surface and extract the energy of the event corresponding to the �rst horizontal re�ector.

The extracted energy map is shown in Figure 4.36, and shows that there are amplitude

variations of over an order of magnitude (i.e., energy variations of two orders of magnitude)

with less than 200m of lateral separation. While migration can correct for some of this

e�ect, the fact that the illumination is so low at some locations would make it di�cult to

image those locations in the presence of noise.
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4.6. Plane-wave modelling

Figure 4.35: A cross-section of the density model used for plane wave modelling.

Figure 4.36: An energy map of the event corresponding to the density contrast at 1.5
km depth in the plane wave modelling.
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4.7. 3D shot modeling and migration

4.7 3D shot modeling and migration

4.7.1 Shot modeling

I target the same area in the 3D shot modelling as I did in the plane wave modelling. I

extract the shot geometry from the original survey (Figure 4.2) and use it in the synthetic

survey resulting in shots approximately every 20m inline and �ip-�opping 50m crossline. I

used an idealised receiver geometry with the receivers every 12.5m and eight cables exactly

parallel to the inline direction (north-south) with 100m spacing. This acquisition geometry

is shown in Figure 4.37 with the shot locations in blue and receiver locations in black. I

extend the subset of the bathymetry map shown in Figure 4.1 in the inline direction to

allow for full fold coverage over the target area, and used the subset of shots that contained

midpoints inside the 7 km x 7 km target area.

The velocity model used for 3D shot modelling is constructed in the same way as the

model used for the plane-wave modelling, with a velocity gradient hanging o� the sea�oor.

An example inline is shown in Figure 4.38. The density model is developed in a similar

way, but with the horizontal contrasts at 1.5 km and 2.0 km depth to account for the

deeper sea�oor over this larger area. The density model also contains point di�ractors at

1.75km depth and 250m intervals.

This modelling provides me with a directly comparable synthetic survey so that I can

isolate the e�ects of the sea�oor canyons and migration technique, and compare these

results to observations in the real data.

4.7.2 Kirchho� time migration results

I apply 3D KPSTM to the 3D synthetic results and �eld data to assess whether time mi-

gration is able to correctly migrate the data beneath the sea�oor canyons and compensate

for the distortions produced by the lateral velocity variations. Figure 4.39 shows a cross-

section of the KPSTM synthetic data. The image is accurate beneath the �at and more

benign parts of the sea�oor where the horizontal re�ectors are imaged as �at, constant

amplitude events. However, the horizontal re�ectors at both 1.5km and 2km are clearly

not imaged as horizontal re�ectors beneath the sea�oor canyons, and are therefore incor-
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4.7. 3D shot modeling and migration

Figure 4.37: This �gure shows the source and receiver locations used dor the synthetic
3D modelling, the source locations are shown in blue, the receiver locations in black.
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4.7. 3D shot modeling and migration

Figure 4.38: An inline cross-section through the velocity model used for 3D shot mod-
elling.

rectly positioned, both exhibit signi�cant push-down and amplitude defocussing. This is

emphasised by the time map of the �rst event shown in Figure 4.40, which clearly shows

the imprint of the sea�oor canyons on the sub-surface re�ector at 1.5km depth. The ef-

fect on the amplitudes can be seen most clearly near the edges of the canyons where the

image is entirely defocussed. Similar e�ects are observed in the �eld data when it is time

migrated. Figure 4.41 shows that in the �eld data the amplitudes beneath the canyons are

similarly washed out and the structure is similarly distorted.
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4.7. 3D shot modeling and migration

Figure 4.39: An oblique cross-section from the KPSTM volume of the synthetic data
showing the structural and amplitude distortion in the horizontal re�ectors caused by the
time migration.

4.7.3 Kirchho� depth migration results

Figure 4.42 shows an oblique line from the 3D synthetic data migrated with KPSDM. The

horizontal re�ectors at 1.5km and 2km depth are much more clearly imaged and more

accurately positioned than in the KPSTM result, although some residual structural dis-

tortion remains. This is important to note - despite using the `correct' velocity model, i.e.

the model used in the forward modelling - the KPSDM is unable to fully correct for the

distortion caused by the canyons. The distorted image occurs despite the canyons in this

area being signi�cantly more benign than those in the 2D synthetic modelling. The persis-

tent distortion is shown in the depth map of the �rst re�ector shown in Figure 4.43, which

contains lateral depth variations of up to 30m as a result of the distortion produced by

the canyons which the migration was unable to correct. Similarly, an amplitude extraction

around this surface (Figure 4.44) shows a lateral amplitude variation of up to a factor of

two beneath the canyons.

Figure 4.45 shows a KPSDM near (270m) o�set section from the synthetic data. Some

distortions are visible in this section with variation in the deep re�ectors beneath the

canyon. There is also remnant noise visible generated during the forward modelling as a

result of imperfect boundary conditions and restricted modelling domains. It is noteworthy
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4.7. 3D shot modeling and migration

Figure 4.40: A time map of the horizontal re�ector at 1.5km showing the imprint of the
sea�oor canyons on the migrated re�ector. The black contours are 500m sea�oor contours
demonstrating the correlation between the sea�oor bathymetry and the sub-surface image
distortion.
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4.7. 3D shot modeling and migration

Figure 4.41: An inline from the KPSTM volume of the �eld data showing the structural
distortion and amplitude washout beneath the canyons due to time migration.

that these remnant distortions remain despite using the same velocity model for forward

modelling and migration. Figure 4.46 shows some of the migrated CDP gathers near

this canyon, there is less evidence of distortion in these gathers although there is a slight

distortion that moves to nearer o�set for gathers nearer the base of the canyon (left to

right).

The canyons in the �eld data I examined are about 1500m wide and 300m deep with

water depths varying from 200m to 1000m as shown in the bathymetry map in Figure 4.1.

These pro�les correspond to a width to depth ratio of about 5:1, that is larger than the
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4.7. 3D shot modeling and migration

Figure 4.42: An oblique line through the stacked KPSDM synthetic data running or-
thogonal to the canyons and showing the lateral structural and amplitude distortions.

ratio of 3:1 which cause signi�cant structural and amplitude distortion in the 2D models.

However, the results from the synthetic 3D modelling suggest that there may still be some

distortion, even with these broad canyons and a correct velocity model.

Figures 4.47 and 4.48 show an inline and an oblique line from the KPSDM �eld data.

In both cases it is di�cult to distinguish complex geology from imaging e�ects as paleo-

canyons beneath the sea�oor mirror the modern day sea�oor and may mask distortions in

the image. Figure 4.49 shows some migrated CDP gathers near the sea�oor canyons with

no clear distortions. Figure 4.50 shows a migrated near (725m) o�set section with some

distortion in the image visible beneath the sea�oor and paleo-canyons.

Figures 4.51 and 4.52 show depth maps of geological horizons 1.7km and 2.8km below

the sea surface. Both horizons are at least Cretaceous in age and are not eroded by the

canyons in the prograding Cenozoic shelf edge. However, both depth maps show some

conformance with the modern day sea�oor contours overlain in white. Given their age this

conformance is unlikely to be geological, instead it is almost certainly a result of slight

distortions to the image caused by the shallow sea�oor canyons. The depth variation
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