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Introducing Factor 50

Interrogate the 3D ultra high-res seismic (UHRS)

experiment
(Implications for seismic processing)

Implications for seismic interpretation




’Conventlonal’ selsmlc Ultra high-resolution seismic
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dimensions of the recorded

a)

UHRS,

3,200 Hz

the apparatus used to acquire |

the seismic, and
the environmental conditions
countered in the field

Frequency Hz

300

1,500

2,300

3.500

4,500

6,001



o

—

= Summary:

-

A

1. Introducing Factor 50

> -

o
-
s

2. Interrogate the 3D ultra high-res seismic (UHRS)

e
——

experiment
(Implications for seismic processing)

Implications for seismic interpretation




‘Conventional’ 12-streamer 3D seismic acquisition set-up

-
Conventional NAZ spec:
Cable length 8000m Triple source
Cable spacing 150m Shot point interval 18.7m
Channel spacing 12.5m Source depth 7m
Cable depth I9m Source array length  8m

Neartrace offset  150m i cize vy 6.25x12.5m

Sub-surf 4000 x 825m

Sample rate 2ms
footprint



‘Conventional’ 12-streamer 3D seismic acquisition set-up

Scaled by 50 for equivalent UHRS spec:

> |
Conventional NAZ spec:
Cable length 8000m Triple source Cable length 160m
Cable spacing 150m o ey S Cable spacing 3m
Channel spacing 12.5m Sooreeterth Cary Channel spacing 0.25m
Cable depth Im Source array length  8m Cable depth 0.18m
Near trace offset 150m Sl s | 625 512,55 Near trace offset 3m
Sample rate 2ms Sub-su-rf L Sample rate 0.04ms
footprint

Triple source
0.38m
0.14m

Source array length 0.16m

Shot point interval

Source depth

Bin size (iixc) 0.125x0.25m

Sub-surf
footprint

80 x 16.5m




Cost-effective 3D UHRS 12-streamer acquisition set-up

Actual cost-effective UHRS spec:

Cable length 75m
Cable spacing 12.5m
Channel spacing 1.56m
Cable depth 2m

Near trace offset 2m

Sample rate 0.125ms

*includes missing bins; swath move-up can be
89.06m

Quad source
Shot point interval 0.78m
Source depth n/a

Source array length  1.8m

Bin size (iixc) 0.78 x 1.56m

Sub-surf 35 x
footprint 110.93m*




Cost-effective 3D UHRS 12-streamer acquisition set-up

Scaled by 50 for equivalent ‘conventional’ data spec

Cable length 3,750m
Cable spacing 625m :
Channel spacing 78.13m :
Cable depth 100m
Near trace offset 100m
Sample rate 6.25ms

Quad source Cable length 75m

S o i ey e T Cable spacing 12.5m
SoTTTTNTr /G Channel spacing 1.56m
Source array length 90 Cable depth 2m

Bin size (ixc) 39.1x78.1m leNedrtraceoffset  2m

Sub-surf 1,750 x

SestEr E cAc gt Sample rate 0.125ms

*includes missing bins; swath move-up can be
89.06m

Actual cost-effective UHRS spec:

Quad source
Shot point interval 0.78m
Source depth n/a

Source array length  1.8m

Bin size (iixc) 0.78 x 1.56m

Sub-surf 35 x
footprint 110.93m*



Cost-effective 3D UHRS 12-streamer acquisition set-up

Scaled by 50 for equivalent ‘conventional’ data spec Actual cost-effectiv

Cable length 3,750m  Quad source Cable length 75m r

Cable spacing 625m Shot point interval  39.1m Cable spacing 12.5m | 0.78m

Channel spacing 78.13m (< Scurceacpin /G T STTeNTE 1.56m n/a

Cable depth 100m Source array length 90 Cable depth 2m n 1.8m

Near trace offset 100m Bin size (ixd) 39.1x 78.1m Near trace offset 2m 5 78 x 1.56m

Sample rate 6.25ms Sub-su-rf s Sample rate 0.125ms  Sub- 35X
footprmt 5'546'8m* *includes missing bins; swath move-up can be footprin 110.93m*

89.06m



Cost-effective 3D UHRS 12-streamer acquisition set-up

Scaled by 50 for equivalent ‘conventional’ data spec

Cable length 3,750m  Quad source Cable length

Cable spacing 625m Shot point interval  39.1m Cable spacing 12.5m | 0.78m
Channel spacing 78.13m  Source depth n/a Channel spacing 1.56m n/a
Cable depth 100m Sourcearrayengar=5C8 Eorstecrepti 2m th 1.8m
Near trace offset 100m Bin size (ixd) 39.1x 78.1m Near trace offset 2m | 78 x 1.56m
Sample rate 6.25ms Sub-su-rf 1,750 Sample rate 0.125ms  SUP=E 35X
footprmt 5'546'8m* *includes missing bins; swath move-up can be footprint 110.93m*

89.06m



Environmental conditions: Tide and wave heights
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Environmental conditions: Tide and wave heights

2m
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Environmental conditions: Tide and wave heights

Tidal range of 2m in UHRS would
be the equivalent of 100m in
conventional 3D seismic
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Environmental conditions: Tide and wave heights

Tidal range of 2m in UHRS would
be the equivalent of 100m in
conventional 3D seismic

2m




Environmental conditions: Tide and wave heights

Wave height of 1m would be
the equivalent of 50m in
‘conventional’ 3D seismic!

Sparker source
» 1m

[\ Y

Seismic streamer
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Environmental conditions: Tide and wave heights

Wave height of 1m would be
the equivalent of 50m in
‘conventional’ 3D seismic!

Sparker source
» 1m

[\ Y

Seismic streamer

23



Synthetic data with ‘conventional’ seismic dimensions

@00 1300 1200 1300 1400 1500 1600 1700 1800 1300

Cable depth (wave height variatjons are negligible)

1100 1200 1300 1400 1500 1§00 1700 1800 18500

2500 ms .

5000 ms
5000 ms

Raw stack, with velocity overlay (green lines show location of CMPs)

Example NMO corrected CMPs (orange line = stack mute)



50
Synthetic data with UHRS seismic dimensions 600\\60\ VM

arying cable depth due to surface wave motio I T T € T Y

Example NMO corrected CMPs (orange line = stack mute) Raw stack, with velocity overlay (green lines show location of CMPs)



What about positional errors?

For a Gaussian distribution of positional errors*:

A 10cm standard deviation of positioning leads to 7.8dB attenuation of signal at 3.2kHz

A 5m standard deviation of positioning leads to 7.8dB attenuation of signal at 64Hz

VN
* F(-nap) = 13.085

Where § is the standard deviation (in time); Fis the frequency that you are N dB down

(Equation A1.16 in Survey Design and Seismic Acquisition for Land, Marine, and In-Between. (Monk, 2020))
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Evaluation on synthetic data: NO navigational errors




Evaluation on synthetic data: Average 40cm nav-error on recvrs




Evaluation on synthetic data: Average 80cm nav-error on recvrs




Evaluation on synthetic data: Average 1.2m nav-error on recvrs




Evaluation on synthetic data: NO navigational errors

REGULARIZED DATA (BEFORE MIGRATION)




Evaluation on synthetic data: Average 40cm nav-error on recvrs

REGULARIZED DATA (BEFORE MIGRATION)




Evaluation on synthetic data: Average 80cm nav-error on recvrs

REGULARIZED DATA (BEFORE MIGRATION)




Evaluation on synthetic data: Average 1.2m nav-error on recvrs

REGULARIZED DATA (BEFORE MIGRATION)




Evaluation on synthetic data: NO navigational errors

REGULARIZED DATA (BEFORE MIGRATION) PRE-STACK TIME MIGRATED




Evaluation on synthetic data: Average 40cm nav-error on recvrs

REGULARIZED DATA (BEFORE MIGRATION) PRE-STACK TIME MIGRATED




Evaluation on synthetic data: Average 80cm nav-error on recvrs

REGULARIZED DATA (BEFORE MIGRATION) PRE-STACK TIME MIGRATED
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Evaluation on synthetic data: Average 1.2m nav-error on recvrs

REGULARIZED DATA (BEFORE MIGRATION) PRE-STACK TIME MIGRATED

HREERE.BEHEER




1. Introducing Factor 50

Interrogate the 3D ultra high-res seismic.(UHRS)

experiment
(Implications for seismic processing)

3. Implications for seismic interpretation

4. Conclusions
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Sample ‘conventional’ seismic
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UHRS Zoom: 50 times as much information to interpret!
7.8km
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Concluding statements:

1. FACTOR 50: applicable to
a) the spatial and temporal dimensions of the recorded UHRS,
b) the apparatus used to acquire the seismic, and
c) the environmental conditions encountered in the field

2. Tide heights and wave-motion have an ‘exaggerated’ effect on UHRS
processing.

3. Spare a thought for those interpreting / building ground models at wind-
farm sites.
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Thank You

Nick Woodburn
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Velocities:

TWT from seabed (ms) in sample offshore oil & gas

basins
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