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» Data Acquisition

— Line layout and acquisition specifications



Survey Program Map
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2012 Survey Parameters

For all lines except MCS-01 and NTMCS-01:

— OFFSET (increment) : 195-8070m (@75m)
— CDP Interval : 12.5m

— Record Length : 12300ms

— Fold : 106

= For MCS-01 only:

— OFFSET (increment) : 300-8175m (@75m)
— CDP Interval : 12.5m

— Record Length : 12300ms

— Fold : 106

= For NTMCS-01 only:

— OFFSET (increment) : 300-8175m (@75m)
— CDP Interval : 12.5m

— Record Length : 12300ms

— Fold : 80
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2021 Survey Parameters

= For first 11 lines shown in the table:
— OFFSET (increment) : 225-15150m (@75m)
— CDP Interval : 12.5m

— Record Length : 15000ms

— Fold : 200

= For rest of the lines in the 2021 survey

— OFFSET (increment) : 225-12150m (@75m)
— CDP Interval : 12.5m

— Record Length : 15000ms

— Fold : 160

MGL2104PD09
MGL2104TD09D10
MGL2104PD10
MGL2104TD10D11
MGL2104PD11
MGL2104TD11D12

MGL2104PD12
MGL2104TD12S01
MGL2104PS01A
MGL2104TEST2
MGL2104PS01B




* Pre-processing

— Flow and data examples



General Pre-processing Workflow

» Reformat SEG-D to Internal format
= Geometry merge and QC

= Geometrical spreading correction

= Debias and De-bubble Filter

= Noise attenuation
=  Swell noise attenuation
= Seismic interference attenuation
= Radial filter for residual noise attenuation

= Acquisition Footprint Removal
» De-ghosting, Residual De-bubble
= Guided Wave Removal - Shallow data only

= Multiple attenuation

= SPMA (Short Period Multiple Attenuation) - Shallow data only
= SRME (Free Surface Related Multiple Elimination)

= Zero Phase Operator

» Resample to 4ms and Trace Decimation (as needed) with Spatial anti-aliasing
= Merge line segments

= High resolution parabolic radon de-multiple

= Apex-shifted multiple attenuation (ASMA)

» Residual noise attenuation, Phase only Q, and TVF

» Geometrical spreading correction removed

= Pre-stack time and depth migration

= Post processing
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De-bubble Filter

The aim of debubble is to remove the bubble train from the acquired wavelet.

An input signature was derived from the data by flattening and stacking nearest offset small angle traces at
the water-bottom. Geology stacked out well, and a good representation of the signal resulted, containing the
real ghost notches and bubble energy

A gapped deconvolutional operator was designed and optimized and an operator obtained which removed
the bubble train present in the wavelet.

The periodic bubble train in the wavelet was successfully deconvolved, leaving minimal residual bubble
energy in the seismic.

One signature for entire 2021 survey is derived from the near offset data (0-500m)
Initial De-bubble filter was derived from data driven signature
Bubble energy was found to be present up to 40-45Hz

Final de-bubble filter was derived to work on the frequency range of 3-5-40-45Hz only
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MGL2104 survey: Data Derived Signature before De-bubble
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MGL2104 survey: Data Derived Signature after De-bubble
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Amplitude Spectra Analysis Window (blue box)
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Amplitude Spectra
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06. CSC_020_20_02_FINAL_SIGNATURE_2021_survey_aft_debubble Trace_Index 1 to 1, 0.014s to 2.398s

07. CSC_020_20_01_2021_survey_FINAL_SIGNATURE Trace_index 1 to 1, 0.014s to 2.398s ion
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MGL2104PD09 : CHAN 1 before De-bubble
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MGL2104PD09 : CHAN 1 after De-bubble
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MGL2104PD09 : CHAN 1 difference De-bubble
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MGL2104PDO09 : Amplitude Spectra Analysis Window (blue box)
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MGL2104PD09 : Amplitude Spectra
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Noise Attenuation

Swell noise attenuation:

— Input data is sorted into different domains (gathers, shots, channels).There are user specified
frequency bands, and temporal and spatial windows tested for each survey. Each window is analyzed
for each frequency band, and the median amplitude is calculated within that window. The program
takes the ratio of the median trace to all other traces within that window and if the ratio of any trace in
that window exceeds the user specified threshold it will get attenuated.

e Strum and linear noise attenuation:

18

— Radial Domain filter is used to address strum noise.

— Shot records were mapped into the radial domain at user specified velocity dips. The choice of dip
velocities was the key focus of the testing. A high cut filter’ was then applied in radial domain,
retaining any very low ‘apparent frequency’ events, which corresponded to linear dipping noise in shot
domain with the specified velocity. Finally, this noise model was subtracted in x-t domain.

— Radial filtering proved extremely effective at attenuating low frequency, low velocity noise while
preserving under-lying primary signal. Note: The process was parameterized with dip velocities slower

than water velocity to safely ensure that no primary would be damaged.
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Noise Attenuation

* Denoise flow is comprised of the following:
— De-spike to remove large spikes

— SHOT domain denoise - 3 passes — Low, Mid and High frequency targeted
— CHAN domain denoise - 2 passes — Low, Mid and High frequency targeted

— Linear noise attenuation with Radial filter to address Strum noise
— Dips used in linear noise modelling (m/s) — 100, 300, 500, 700, 900, 1100, 1300, 1370
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Shot and Channel domain denoise pass parameters

Band selection

Min Fregeuncy:
Max Frequency:

Band Width:

Window definition

Start Mode:
Window:
Overlap:

Median Width(s):
Thresholdis):

Minimum Ensemble:

START_EROM_ZERO
2000

50
0,480/15000,480/
0,12/15000,3/

5

ms

%

traces

traces

ms, ratio

Band selection

Min Fregeuncy:
Max Frequency:

Band Width:

Window definition

Start Mode:
Window:
Overlap:

Median Widthis):
Thresholdi(s):

Minimum Ensemble:

40

START_FROM_ZERO
500

50

0.51/15000.51/
0,.8/15000,3/

5

ms

%

traces

Band selection
Min Fregeuncy: 6
Max Frequency: |20

Band Width: | 2

Window definition

Start Mode: | START FROM HEADER
Start Header: | ST_TIME_OL
Delay From Start Header: | 1000

Window: | 250

Overlap: |50
traces

Median Width(s): | 0.51/15000.51/
ms, ratio
Threshold(s): | 0.6/15000.3f

Minimum Ensemble: |5

Hz

Hz

ms
ms
Yo
traces
ms, ratio

traces
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Shot domain denoise pass 1,2 & 3

Band selection

Window definition

Min Fregeuncy:
Max Frequency:

Band Width:

Start Mode:
Window:
Overlap:

Median Widthis):
Threshold(s):

Minimum Ensemble:

START_I_’ROM_ZERO
2000

50
0,500/15000,3000/
0,12/15000,3/

5

ms

%

traces

traces

ms, ratio

Band selection

Min Fregeuncy:
Max Frequency:

Band Width:

Window definition

Start Mode:
Window:
Overlap:

Median Width(s):
Threshaold(s):

Minimum Ensemble:
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START_EROM_ZERO
500

50

0,11/15000,21f
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traces

Channel domain denoise pass 1,2
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MGL2104PD09 : RMS Amplitude Deep Window (14300-14800ms)
After De-noise
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MGL2104PD09 : SHOT GATHERSs before De-noise
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MGL2104PDO09 : SHOT GATHERSs after De-noise

-2_SHOT_QC_2021 survey all_combined < ACQ D1 » @
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MGL2104PDO09 : SHOT GATHERSs difference De-noise
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MGL2104PDO09 : BRUTE STACK before De-noise

CDP
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MGL2104PDO09 : BRUTE STACK after De-noise
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MGL2104PDO09 : BRUTE STACK difference De-noise

CDP
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MGL2104PD14 : RMS Amplitude Deep Window (14300-14800ms)
Before De-noise
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MGL2104PD14 : RMS Amplitude Deep Window (14300-14800ms)
After De-noise
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MGL2104PD14 : SHOT GATHERS before De-noise
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MGL2104PD14 : SHOT GATHERS after De-noise

€SC_030_30_13 Despike_Pass-2 SHOT_QC_2021 survey all_combined 4 ACQ_ID26 » @
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MGL2104PD14 : SHOT GATHERS difference De-noise
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MGL2104PD14 : BRUTE STACK before De-noise

CDP
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MGL2104PD14 : BRUTE STACK after De-noise
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MGL2104PS06 : BRUTE STACK difference De-noise

CDP
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Acquisition Footprint Removal — Channel Corrections

* Absolute mean amplitude measured in a signal window after application of section based scalars.

* Measured amplitudes are locally smoothed across channels within a cable using a running mean with
outlier rejection in order to calculate reference amplitudes. Smoothing window of 15 channels was used.

e Scalars are then calculated for each section based on comparison of reference to measured:

smoothed
scalar =

measured
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MGL2104PD09 : Deep Window (14300-14800ms) RMS
Before Footprint Attenuation
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MGL2104PD09 : Deep Window (14300-14800ms) RMS
After Footprint Attenuation
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MGL2104PD09 : SHOT Gather before Footprint Attenuation
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MGL2104PD09 : SHOT Gather after Footprint Attenuation

CHAN

1 11 21 31 41 51 61 71 81 91 101 111 121 131 141 151 161 171 181 191 201 211 221 231 241 251 261 271 281 291 301 311 321 331 341 351 367
L 1 1 1 1 1 1 1 1 1 1 1 1 ! 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1

3.52

3.70

3.80

3.90

4.00

4.10

4.20

4.30

4.40

4.50

4.60

4.70

4.80

TIME

4.90

5.30

5.40

5.50

5.60

5.70

5.80

5.90

SC_040_30_11_Footprint Attenuation_SHOT_QC_2021_survey_all_combined < M :SHOT BLK 94 » @

T T T T T T T

6.05 L _—— — —— S—
1 10 20 30 40 50 60 70

1 2 . T T T T T 1 T I“ T - T & T - T T T T T T T T T T T T
80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 367

-142

-130

-120

-110

-100

10
20
30
40

50

60




Source & Receiver De-ghosting (WiBand ™)

A signal reaching a receiver is followed shortly by its reflection from the water surface with the opposite
polarity. The same effect occurs at the source. These ghosts interfere with the primary signal, creating
notches in the amplitude spectrum.

ION’s proprietary WiBand™ algorithm accounts for this process recovering those frequencies within the
source and receiver ghost notches.

WiBand™ data-adaptively derives a stable operator to remove the effects of the source and receiver
ghosts from the data prior to migration. As such, it strives to recover the signal weakened by the ghosts,
rather than ‘creating’ new signal, and relies on the presence of usable signal at and near the ghost
frequencies in the raw data.

Key parameters in Deghosting
— Source Depth — 11 - 13m

— Receiver Depth — Based on depth header

— Reflection Coefficient search
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MGL2104PDO09 : Stack after WiBAND
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MGL2104PD09 : Blue box is window selected for Amplitude Spectra
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MGL2104PD09 : Amplitude Spectra
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MGL2104PDO09 : SHOT Gather before WiBAND
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MGL2104PDO09 : SHOT Gather after WIBAND
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MGL2104PD11 : Stack after WIiBAND

72312

73312

74312 75312 76312 77312 78312 79312

A l‘\h" W
AR
'T?"F\“aﬁ;"f
{0 A

AR
A PR } ,
/ ,‘\’o‘l .'5\””\

AR
I

(' | o
|

R
AT

SC_060_30_21_Final WiBAND_V1_brute_agc_stk_QC_2021 survey_all_combined <«
[ LA "
12219

A TR T L T
12053

WA
'

N

h“na:"']’?(‘_N')'.'.". ‘»I.J" Y"“\‘ s /,‘y \i J‘

L)
iy ;Tfﬁ"1

\‘II' |"" |
AR

iy,

' oAy A
"0‘,‘1"‘ "‘\ W ""."A"\\\‘V i\ ,'\' "
W LM i

/ BN N
J W) ""‘,"l’(i /) ‘u AV ( ‘\.J‘){ll, /

TERR NS
ff /&;ﬂﬁ{é‘ i

i
/, |
f U Y
it N

1 ‘(.\1:‘!)( "/“‘f)
N
o

:" A’t"l

il

N y/v*"ﬁg
\,

‘l}'“ )

H NN A

AR NN

J'm y'”Ju.,‘$V73tn

‘:$h{.;

A A
AT IS wn I;‘A
ol

|

v‘“‘
| W'
i YO
(AN 7

VAN
( ‘V\JL |

} J
Wi Wy (
\ |
1A

\ LT
’.l‘ AN ‘,‘,“"‘ ‘ "\
A\l 1) LY TR YR/
WU A L A A |
ACQ ID5 »
MG Y e g LN T

12719 12886 13053 13219

IR NI/
12553

N L

12386

80312

13386

81312

13553

82312

13719

CDP
83312

6
SHOT4CDP

84312

14053

85312

14219

86312

14386

87312

14553

88312

14719

89312

90312

91312

92312

93312

94312

95873




MGL2104PD11 : Blue box is window selected for Amplitude Spectra
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MGL2104PD11 : Amplitude Spectra
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Zero-Phase Conversion

This process was implemented to rotate the data to zero-phase, a polarity flip so that the water bottom
IS a peak.

An input signature was derived from the data by flattening and stacking near-offset small-angle traces
at the water bottom post WiBand. The geological variation stacked out well, and a good representation
of the de-ghosted far-field signature resulted.

The previously debubbled wavelet was zero-phased and a matching filter designed to convolve the
seismic to its zero phased form. A zero-phasing operator was thereby obtained and was applied to the
seismic dataset.

A zero-phased and symmetric wavelet at water bottom was obtained after application of the zero-
phasing operator. The polarity achieved was a peak (positive number) for increase in acoustic
impendence for the zero-phase wavelet (i.e., the water-bottom shows as a central peak). The peak was
centered to coincide with the Al change associated with the water bottom event.
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Wavelet - Before Zero Phase
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Octave Panels - Before Zero Phase
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Octave Panels - After Zero Phase
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Onset time - Before Zero Phase
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Onset time - After Zero Phase
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SPMA (Short Period Multiple attenuation)

« Data acquisition in shallow water introduces noise in the form of short period multiples that may not be
effectively removed using traditional 2D SRME technologies.

 |ON employs a proprietary short period multiple attenuation (SPMA) technique, in combination with 2D
SRME to remove this noise and to improve image resolution throughout the seismic section. This method
uses pre stack migration to overcome the problem of predicting multiples when near offset data are
missing, then uses standard adaptive subtraction and matching techniques to attenuate the short period
reverberations.

« SPMA is only effective in shallow water so its application was restricted to areas with a two-way water
bottom time of less than 1100ms.

« Key parameter in predicting multiples - Water bottom time
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MGL2104PD12 CHAN - 1 before SPMA
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MGL2104PD12 CHAN - 1 after SPMA
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MGL2104PD12 CHAN -1 difference SPMA
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MGL2104PD12 STACK before SPMA
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MGL2104PD12 STACK after SPMA
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MGL2104PD12 STACK difference SPMA
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MGL2104PD13 CHAN - 1 before SPMA
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MGL2104PD13 CHAN -1 after SPMA
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MGL2104PD13 CHAN -1 difference SPMA
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MGL2104PD13 STACK before SPMA
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MGL2104PD13 STACK after SPMA
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MGL2104PD13 STACK difference SPMA
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Surface Related Multiple Elimination (SRME)

» 2D SRME is a data driven process where primary reflections arriving on different source-
receiver pairs are convolved to emulate the ray path taken by an associated multiple bounce
which involves the sea surface. Thus predicting a multiple model, (Multiples without a bounce
at free surface will not be predicted).

200 — | =
ac0 — |
600 — |
800 — |2
1000 — |£
1200 — |5

14900 — (=

1600 — |

= 2D SRME Processing had the following main steps:
» Data Preparation
= Multiple Prediction
= Adaptive Subtraction
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SRME — Subtraction parameters

Global matching parameters

Temporal Window Size: 4000
Spatial Window Size: 2001
Temporal Overlap: 50

Spatial Overlap: 50

Mumber of temporal filter coefficients: 101

traces

%

Y

SaAMps

Local matching parameters

|_Low FREQ PARAMETERS:| | MD FREQ PARAMETERS: |
= LHiGH FREQ PaRAMETERS: |

Temporal Window Size:

Spatial Window Size:

Temporal Overlap:

Spatial Overlap:

Number of temporal filter coefficients:

Mumber of spatial filter coefficients:

Temporal Window Size: 500 ms Temporal Window Size: 100 ms
Spatial Window Size: 31 traces Spatial Window Size: 11 traces
Temporal Overlap: 50 % Temporal Overlap: 50 o
Spatial Overlap: 50 % Spatial Overlap: 50 o,
Nurmnber of temporal filter coefficients: 17 samps Number of tempaoral filter coefficients: 9 SaMmps
Mumber of spatial filter coefficients: 11 tres Mumber of spatial filter coefficients: ' 5 tres
Transition Freq 1: 20 Hz Transition Freq 1: | 80 Hz
Transition Freg 2: 30 Hz IR (Fesslzk (e, iz

Subtraction parameters in 3 different frequency ranges

74

Max Frequency:

100

11

125

ms

traces

Ya

o

samps

tres

Hz
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MGL2104PD09 STACK before SRME
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MGL2104PD09 STACK after SRME
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MGL2104PD09 STACK difference SRME
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MGL2104PD19 STACK before SRME
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MGL2104PD19 STACK difference SRME
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High Resolution Parabolic Radon Multiple Attenuation

High-resolution parabolic radon technique is applied for long period multiple attenuation.

Multiples are modeled in parabolic radon domain.

Modeled multiples are subtracted from original input in T-X domain.

Parameters:

Number of P-values
Min. P-value
Max. P-value

Reference offset
Multiple Model Mute

600

-3000ms

7000ms

9200m

600-1000 (sine square taper in P-values)
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MGL2104PS03 : CDPs after Radon

CDP
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MGL2104PS03 : Stack before Radon
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MGL2104PS03 : Stack after Radon
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MGL2104PS03 : Stack diff Radon
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MGL2104PD19 : CDPs before Radon
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MGL2104PD19 : CDPs after Radon
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Apex-Shifted Multiple Attenuation (ASMA)

* A conventional hyperbolic radon transform consists of axis of move-out (P) and time
with an apex for the move-out at zero offset.

* Because the apex of the multiple may be at any offset, an extra dimension to the
transform is needed to sample all possibilities.

* Multiples with apex at non-zero offset are modeled using a hyperbolic focusing
operation. Time

* Modeled multiples are further conditioned by removing half cycles where the peak
amplitude is below a given threshold.

* Modeled multiples are adaptively subtracted from original input.




MGL2104PD19 : CDPs before ASMA
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MGL2104PD19 : CDPs after ASMA
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MGL2104PD16 : CDPs before ASMA

208036 208237 208438 208639 208840 209845 210649 210850
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MGL2104PD16 : CDPs after ASMA

208237 208438 208639 209041 210649 210850




MGL2104PD16 : Stack before ASMA

CDP
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MGL2104PD16 : Stack after ASMA

CDP
201570 202054 202554 203054 203554 204054 204554 205054 205554 206054 206554 207054 207554 208054 208554 209054 209554 210054 210818




MGL2104PD14 : Stack before ASMA

CDP
237694 238234 238734 239234 239734 240234 240734 241234 241734 242234 242734 243234 243734 244234 244734 245234 245734 246193




MGL2104PD14 : Stack after ASMA

CDP
237694 238234 238734 239234 239734 240234 240734 241234 241734 242234 242734 243234 243734 244234 244734 245234 245734 246193
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Phase Only Q

When seismic waves propagate through the Earth’s subsurface, anelasticity and inhomogeneity will result in:

— Dissipation as the wave energy is absorbed by the media
— Velocity dispersion where different frequency components travel with different speeds

Consequently, the phase of the wavelet generally rotates with increased travel time. Phase-only Q compensation
(Phase only inverse-Q filtering) attempts to correct for this phase rotation, aiming to give a wavelet which is
approximately zero-phase throughout the section.

The filter is derived from a direct frequency domain implementation. Prior to migration the data had a phase only
inverse-Q filter applied. Amplitude-Q is typically applied during or after migration.

Application of phase only inverse-Q gave improved phase stability with increasing time, confirmed against a well
synthetic.

Parameters:

e Quality Factor: 100
» Reference frequency: 40 hz
» Application start time: referenced from water bottom

1ON




* Pre-stack Depth Migration (PSDM)

— Flow and data examples
— Potential fields modeling
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PSDM Velocity Model Building Summary

e PSDM Workflow

Velocity Model Building - velocity updates examples

FWI results

Anisotropy results

Residual Move-out Correction

Gravity Modeling




Velocity Model Building and Kirchhoff PSDM Workflow

« Initial velocity & initial Kirchhoff migration

« Initial velocity model built from converted PSTM velocities to depth

* |sotropic sediment velocity updates (tomographic update)
* Run Auto-picker followed by tomographic inversion to update the sediment velocity
« Smooth the updated velocity
* Run Kirchhoff pre-stack depth migration

* Max depth 40 km
» Max frequency 45 Hz
» Migration aperture 6 km

» Reflection and Diving wave FWI (deeper water section)
« Residual tomographic velocity update

» Data-derived Anisotropy parameters
» Epsilon derived from scans on isotropic depth gathers
» Delta created from scaling epsilon grid (x0.5)
« Anisotropy grids were merged/tapered at water bottom horizon and masked below Basement / wedge horizon

» Velocity tie analysis
103 « 3D velocity gridding was run to ensure velocities tie at every 2D line intersection

1ON



Velocity Model Building and Kirchhoff PSDM Workflow

* Incorporate potential field data to get crustal velocities
« Gravity model defined using a combination of the USGS model and interpretation of the shallow prism
» For shelf section, available streamer refraction or OBS velocity model used for some lines (details in next slide)

» To finalize the velocity model, sediment velocity grids were merged with crustal velocities

 Final Kirchhoff PSDM + RMOC
« 8 km migration aperture for 12 km cable length lines
* 9 km migration aperture for 15 km cable length lines
« Max Migration dip angle: 90 degrees
« Max frequency: 100 Hz

» Depth sample rate: 5 meters

104
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Shelf section: Velocity Model Building and Kirchhoff PSDM Workflow

» Details on available streamer refraction or OBS velocity model for some lines

PDO09, PD12, PD16 and PD19
- Reflection tomography merged with provided streamer tomography velocities
- Velocity then merged with USGS 3D velocity model merged to oceanic crust

PD13, PD14, MCSO01, PS01ACD and PS01B
- Reflection tomography merged with OBS 3D velocity model
- Velocity then merged with USGS 3D velocity model merged to oceanic crust

For other lines without streamer tomography or OBS velocity model
- Reflection tomography merged with USGS 3D velocity model merged to oceanic crust

All 2D lines: Hang provided “Oregon 1D profile” below top of crust horizon

1ON
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Examples of PSDM Velocity Updates

(Tomography & FWI included in model building)

« Results of lines PD-04, PD-14, PS-05 & TD-15D14A
« Comparison of initial, intermediate and final PSDM results

« Set of images corresponding to PSDM velocity/stack overlay, PSDM stack only & gather

1ON



Line PD-04
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PD-04 - Initial PSDM Stack and Velocity

CDP::OFFSET
377772 378500 379000 379500 380000 380500 381000 381500 382000 382500 383000 383500 384000 384500 385000 385500 386000 386500 387000 387500 388584

vel_all_sed_init / Image_all_init_agc.stk <« PD-04 » @




PD-04 — Updated PSDM Stack and Velocity

CDP::OFFSET
377772 378500 379000 379500 380000 380500 381000 381500 382000 382500 383000 383500 384000 384500 385000 385500 386000 386500 387000 387500 388584

vel_all_sed_6b / Image_all_fnl_pta_6b_agc.stk <« PD-04 » @




PD-04 - Final PSDM Stack and Velocity

CDP::OFFSET
377772 378500 379000 379500 380000 380500 381000 381500 382000 382500 383000 383500 384000 384500 385000 385500 386000 386500 387000 387500 388584
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PD-04 - Initial PSDM Stack

CDP::OFFSET
377772 378500 379000 379500 380000 380500 381000 381500 382000 382500 383000 383500 384000 384500 385000 385500 386000 386500 387000 387500 388584

Image_all_init_agc.stk <« PD-04 » @




PD-04 — Updated PSDM Stack

CDP::OFFSET
377772 378500 379000 379500 380000 380500 381000 381500 382000 382500 383000 383500 384000 384500 385000 385500 386000 386500 387000 387500 388584

Image_all_fnl_pta_6b_agc.stk <« PD-04 »




PD-04 - Final PSDM Stack

CDP::OFFSET
377772 378500 379000 379500 380000 380500 381000 381500 382000 382500 383000 383500 384000 384500 385000 385500 386000 386500 387000 387500 388584
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Image_sed_12e_vti02_agc.stk <




S A

N Y e
2N
Rt
Shreer
ST
\_ﬁzﬂqmm
AT L
NN
NS
IS S
W
" ‘Jf Dyis
NN
v
4731 A
ATz
3_%,. ;

= <A\ . ——
I Ra s
2R

385500 386000 386500 387000 387500

385000

i‘\.syw.

3533_\ yar

384500

__ 1% |

3l 7_# ,

i »m.
DN :
%ﬁﬁ Lm\\i..,. =
DR ERaw
_“33,. ) fu
JINF: x_ﬂ.,.

1 ﬂ
WS
(i .j.:_....(‘.
I a7
(it Av_a.....” .
:3_{. TN
s
QM RGN T7AE s
_ .. g

,5,,171 1 ﬂ\:«ﬂa -

384000

383500

&
v
w
w
e
i
(]
(8]

383000

382000 382500

381500

381000

380500

380000

:.:Wﬂ\‘y\,, ?
[l :? \n

379500
»>

| PSDM Gathers

.
378500

Itla

__ 3\.\- ﬁna\\ ‘,
ffec s
{liih T2

Image_init 4 re

377772

PD-04 - In




N A A
i
Izt
Nt
SN
Mtz
Difiras
NG
Wil
Wiz
NG
Y ,_.743_:«
N
DT
Nifire
O Wiz

Dk

387500

387000

385500 386000 386500

385000

d_g_g:? Wi

=R

___, __:_g ] \_1

384000 384500

383500

,_:3:3 Au

; 37- J .fv\.‘.
TS %R ,.,.

IHfifme .\.ﬂuww.f
iR o .

IS

{liings= Jm? .

Il e,
e _.«_,,,www.

:, ¢::J) «.m\..zﬂﬂt u\l..\...‘:

&
v
w
w
e
i
(]
(8]

379500 380000 380500 381000 381500 382000 382500 383000
> ©

< PD-04

379000

il Zw wm 5

i e

378500

all fnl pta 6b

Image_

377772

PD-04 - Updated PSDM Gathers




e e s
SAN LT
St
AT
Hhyce=

et
\;/,4_1_ G
N
2/41« T

386500 387000 387500

386000

AN
(i

__J/»I/ . l..lu\i..\ul

NN e

WS

385500

P —

= (e a\\ww\, mew
Wiricac. 7o

v ,;-,‘//~=\_« \«_)m;\ T .
,. z, J«aiml.,ﬂ — ==

__J J.ﬂlﬂl o = e e e

385000

384500

A -
L e S S i A= =

M

——— e e S S R e e S

e Frirs zz o 2o
2l y;:ilaﬂf‘ l.\ﬂ@w, e i
AmnaE er A
IS ;

;_;%44 o n\\\\ e
i rerere s

_: _J:JJA!/ ’-*ﬂﬁvﬁl w'ﬂnt\!nt«‘n‘.\r/,.-rl\.

384000

383500

&
v
w
w
e
i
(]
(8]

383000

NS e
e =
_3 .j DY P
NS v

__J 4/1;‘:3\\‘. e

—

M e
(1M q\\\\.«twvw.. et S

e = .
Y\*\'LT.!l‘!.-ﬁ L LR N

381000 381500 382000 382500

380500

———
N aﬂw\.i’. i ois

fﬂf e J\ivﬁw(‘du.\\l., eFe LS. -2

380000

.«.“‘Ill\\.vlw.
(KN =

——

N e e
——— o e KTk

#sw\ e o

379500
>

PD-04

ey S E LSz sy

W i T

WL - Sase R SRS

F

379000
viio2 -«

378500
2e

= 1y et e m e s

it —

Image sed 1

377772

PD-04 - Final PSDM Gathers




Line PD-14

1ON

117




PD-14 - Initial PSDM Stack and Velocity

FFSET
237658 238500 239000 239500 240000 240500 241000 241500 242000 242500 243000 243500 244000 244500 245000 245500 246108

vel_all_sed_init / Image_all_init_agc.stk <« PD-14 » @




PD-14 — Updated PSDM Stack and Velocity

CDP::OFFSET
237658 238500 239000 239500 240000 240500 241000 241500 242000 242500 243000 243500 244000 244500 245000 245500 246108

vel_all_sed_6b / Image_all_fnl_pta_6b_agcstk <« PD-14 » @




PD-14 - Final PSDM Stack and Velocity

FFSET
237658 238500 239000 239500 240000 240500 241000 241500 242000 242500 243000 243500 244000 245000 245500 246108

_ T
vel_all_sed_12e_vti02 / Image_sed_12e_vti02_agc.stk <« PD-14 » @ &\ p - _
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PD-14 - Initial PSDM Stack

DP::OFFSET
237658 238500 239000 239500 240000 240500 241000 241500 242000 242500 243000 243500 244000 244500 245000 245500 246108

Image_all_init_agc.stk <« PD-14 » @




PD-14 - Updated PSDM Stack and Velocity

CDP::OFFSET
237658 238500 239000 239500 240000 240500 241000 241500 242000 242500 243000 243500 244000 244500 245000 245500 246108

"

Image_all_fnl_pta_6b_agc.stk <« PD-14 » @




PD-14 - Final PSDM Stack and Velocity

CDP::OFFSET
237658 238500 239000 239500 240000 240500 241000 241500 242000 242500 243000 243500 244000 244500 245000 245500 246108

Image_sed _12e vti02_agcstk <« PD-14 » @
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Line PS-05
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PS-05 - Initial PSDM Stack and Velocity

CDP::OFFSET
322236 324000 325000 326000 327000 328000 329000 330000 331000 332000 333000 334000 335000 336000 337000 338000 339000 340000 341918

vel_all_sed_init / Image_all_init_agc.stk <« Ps-05 » [;




PS-05 - Updated PSDM Stack and Velocity

CDP::OFFSET
322236 324000 325000 326000 327000 328000 329000 330000 331000 332000 333000 334000 335000 336000 337000 338000 339000 340000 341918

vel_all_sed_6b / Image_all_fnl_pta_6b_agc.stk <« PS-05




PS-05 - Final PSDM Stack and Velocity

CDP::OFFSET
322236 324000 325000 326000 327000 328000 329000 330000 331000 332000 333000 334000 335000 336000 337000 338000 339000 340000 341918

e_vti02_agc.stk <« PS-




PS-05 - Initial PSDM Stack

CDP::OFFSET
322236 324000 325000 326000 327000 328000 329000 330000 331000 332000 333000 334000 335000 336000 337000 338000 339000 340000 341918
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PS-05 - Updated PSDM Stack

CDP::OFFSET
322236 324000 325000 326000 327000 328000 329000 330000 331000 332000 333000 334000 335000 336000 337000 338000 339000 340000 341918

Image_all_fnl_pta_6b_agc.stk




PS-05 - Final PSDM Stack

CDP::OFFSET
322236 324000 325000 326000 327000 328000 329000 330000 331000 332000 333000 334000 335000 336000 337000 338000 339000 340000 341918
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| PSDM Gathers
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Line TD-15D14A
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TD-15D14A - Initial PSDM Stack and Velocity

CDP::OFFSET
230336 230600 230800 231000 231200 231400 231600 231800 232000 232200 232400 232600 232800 233000 233200 233400 233668

vel_all_sed_init / Image_all_init_agc.stk <« TD-15D14A » @




TD-15D14A - Updated PSDM Stack and Velocity

CDP::OFFSET
230336 230600 230800 231000 231200 231400 231600 231800 232000 232200 232400 232600 232800 233000 233200 233400 233668

vel_all_sed_6b / Image_all_fnl_pta_6b_agc.stk <« TD-15D14A » @




TD-15D14A - Final PSDM Stack and Velocity

CDP::OFFSET
230336 230600 230800 231000 231200 231400 231600 231800 232000 232200 232400 232600 232800 233000 233200 233400 233668

sed_12e_vti02 / Image_sed_12e_vti02_agc.stk <« TD-15D14A » @
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TD-15D14A - Initial PSDM Stack

CDP::OFFSET
230336 230600 230800 231000 231200 231400 232000 232200 232400 232600 232800 233000 233200 233400 233668

Image_all_init_agc.stk <« TD-15D14A » @




TD-15D14A - Updated PSDM Stack

CDP::OFFSET
230336 230600 230800 231000 231200 231400 231600 232000 232200 232400 232600 232800 233000 233200 233400 233668

Image_all_fnl_pta_6b_agc.stk <« TD-15D14A » @




TD-15D14A - Final PSDM Stack

CDP::OFFSET
230336 230600 230800 231000 231200 231400 231600 232000 232200 232400 232600 232800 233000 233200 233400 233668

<« TD-15D14A » ©®




TD-15D14A - Initial PSDM Gathers

CDP::OFFSET
230336 230600 230800 231000 231200 231400 231600 231800 232000 232200 232400 232600 232800 233000 233200 233400 233668
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TD-15D14A - Updated PSDM Gathers

CDP::OFFSET
230336 230600 230800 231000 231200 231400 231600 231800 232000 232200 233200 233400 233668

Image_all_fnl_pta_6b <« TD-15D14A » @




TD-15D14A - Final PSDM Gathers

CDP::OFFSET
230336 230600 230800 231000 231200 231800 232000 232200 232400 232600 232800 233000 233200 233400 233668
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FWI Summary

» Due to the variability of geology and water depth varying approaches to FWI were tested

» Different FWI cost-functions, frequency ranges, offset ranges, types of events (reflection, refraction and
diving waves) were tested

» Below we present results from some of the items tested:
a) Reflection data FWI (water bottom approx. 1 to 2.5 km meter depth)
b) Diving Waves data FWI (water bottom >2.5 km depth)

« Sediment FWI Velocities were then merged with velocities derived with reflection tomography (next slide
show)
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Velocity Model Building Merge Methodology
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Reflection Data FWI

Applied to section of 2D line: water bottom approx. 1 to 2.5 km meter depth

Cost Function — Sphere
Offsets — Up to 6.0km

Data Length — Water bottom to basement plus 1.0 sec
Bandpass Filter — 0-2-13-15Hz




Data selection for Reflection FWI
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PD-08:

Input FWI Velocity
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PD-08: Output FWI Velocity

CDP::OFFSET

471854 472250 472500 472750 473000 473250 473500 473750 474000 474250 474500 474750 475000 475250 475500 475750 476000 476250 476500 476750 477000 477250 477666

DEPTH

e
AR

,,1'/ Wh\n

6400 ‘ oy \\... _-c ). ap,,,. /\'mg

6600 | LA LI 4 N

N * 0‘. ;‘ ‘“' \

" o ) By ,.

“I ) »\m rM g "'l“‘v ' &‘&\v m‘*"‘:‘“' ‘~\
A/h N’f;:”’;ﬁ’/ V"wa'/f'm'\}n\" :J' f “ '

\:T‘ ‘%" /‘K:

{ | "
7060 ST e .n r\‘ RJ

, f ) h'
4."3'“ N |0‘ :"" "/‘ o‘ \”i\ \\ ” ,”M‘ h \\
\. *“ 1“%"/’/." lx’ (\‘ “’l. \ .’ '4/' A\ ,&.‘h\f" .' c.\ ’/""" ” ’ ) }\“\ﬂ)\ﬂ

1478

1800

g I 2000

2200

2400

2600

| || 2800

L B 3000

R N 5200

A w
"y *!’\,:“M

YN

3400

3600

4000

-0.9

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

0.9

1ON




PD-08: Input FWI Stack
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PD-08: Output FWI Stack
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PD-08: Output FWI Stack (Zoom selection)
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PD-08: Input FWI Gathers (Zoom)
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PD-08: Output FWI Gathers (Zoom)
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PD-10: Input FWI Velocity
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PD-10: Output FWI Velocity
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PD-10: Input FWI Stack
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PD-10: Output FWI Stack
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Diving Wave FWI

Applied to section of 2D line: approx. greater than 2.5 km meter depth

Cost Function — Travel Time
Cross-correlation Window Length — 400ms
Min/Max Lag — -200ms/+200ms

Offsets — Full cable

Data Length — First Break plus 3.0 sec
Bandpass Filter — 0-10-12-15Hz




Data selection for Diving Waves FWI
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PD-04: Input FWI Velocity
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PD-04: Output FWI Velocity
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PD-04: Input FWI Stack
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PD-04: Output FWI Stack
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PD-04: Output FWI Stack (Zoom selection)
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PD-04: Input FWI Gathers (Zoom)
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PD-04: Output FWI Gathers (Zoom)
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PD-16: Input FWI Velocity
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PD-16: Output FWI Velocity
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PD-16: Input FWI Stack
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PD-16: Output FWI Stack
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PD-16: Output FWI Stack (Zoom selection)
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PD-16: Input FWI Gathers (Zoom)
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PD-16: Output FWI Gathers (Zoom)
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182

Data Derived Anisotropy Parameters

» Epsilon derived from scans on final isotropic depth gathers
» Delta derived from scaling delta grid by x0.5

« Masked delta and epsilon fields
« Masked to zero above the water bottom & below Top of crust / wedge horizon
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PD-13 Delta / PSDM Stack Overlay
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PD-13 Isotropic PSDM Stack overlay
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PD-13 Anisotropic PSDM Stack overlay
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PD-13 Isotropic PSDM Stack
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PD-13 Anisotropic PSDM Stack
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PD-13 Isotropic PSDM Gathers
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PD-13 Anisotropic PSDM Gathers
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PD-13 Isotropic PSDM Stack — ZOOM SELECTION WINDOW
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PD-13 Isotropic PSDM Stack - ZOOM
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PD-13 Anisotropic PSDM Stack - ZOOM
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PD-13 Isotropic PSDM Gathers - ZOOM
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PD-13 Anisotropic PSDM Gathers - ZOOM
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PD-08 Delta/PSDM Stack Overlay
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PD-08 Isotropic PSDM Stack overlay
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PD-08 Anisotropic PSDM Stack
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PD-08 Isotropic PSDM Stack
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PD-08 Anisotropic PSDM Stack
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PD-08 Isotropic PSDM Gathers
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PD-08 Anisotropic PSDM Gathers
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PD-08 Isotropic PSDM Stack — ZOOM SELECTION WINDOW
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PD-08 Isotropic PSDM Stack - ZOOM
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PD-08 Anisotropic PSDM Stack - ZOOM
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PD-08 Isotropic PSDM Gathers - ZOOM
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PD-08 Anisotropic PSDM Gathers - ZOOM
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Residual Move-out Correction

» Final PSDM gathers are scanned and have RMOC applied
« Comparison of before and after applying RMOC
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PD-05 Final PSDM Stack
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PD-05 Final PSDM Stack with RMOC
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PD-05 Final PSDM Stack with RMOC - ZOOM
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PD-16 Final PSDM Stack
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PD-16 Final PSDM Stack with RMOC
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PD-16 Final PSDM Stack — ZOOM SELECTION WINDOW

CDP::OFFSET
201550 202500 203000 203500 204000 204500 205000 205500 206000 206500 207000 207500 208000 208500 209000 209500 210000 210500 211094

'. ,,..n\w‘\
,y\,u-'" -4'\\“0\‘0-\
. NS \ \

,' ‘.\'

e

e e

.

PD-16 »




PD-16 Final PSDM Stack - ZOOM
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PD-16 Final PSDM Stack with RMOC - ZOOM
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Gravity Modeling

Incorporate potential field data to obtain crustal velocities

Gravity model was used to aid the interpretation of Basement and Moho horizons
Crustal horizons were picked on seismic sections

Gravity analysis performed to ensure quality of crustal velocity model

To finalize the velocity model, sediment velocity grids were merged with crustal velocities

1ON



CANADA

MCS-01: Final PSDM Stack with velocity overlay ey
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MCS-01: Gravity Analysis

Arbitrary Line

® Observed Gravity_ M Calculated Gravity_

100000 200000 ' 300000 ' 400000

- 19160.0

Red - calculated gravity ™
Green — observed gravity \\ X

- 19120.0 191720.0
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—

23 226531.281 4983069.500 24862.281 3.246 0.000 2807.485 3698.601 3898.612 10038.710 ion




PD-04: Final PSDM Stack with velocity overlay
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PD-04: Gravity Analysis

m Observed Gravity, ® Calculated Gravity,

20000 ' 40000 ' 60000 80000 100000 120000
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- Red - calculated gravity ]
- 19120.0 Green — observed gravity 19120.0 -
-19110.0 19110.0 -
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e e L L

Mem amm s
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PD-07: Final PSDM Stack with velocity overlay
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PD-04: Gravity Analysis

m Observed Gravity, ® Calculated Gravity,

- ' 20000 ' 40000 60000 80000 ' 100000 ' 120000 -

- 19160.0 19160.0 -
19150.0 19150.0 -
19140.0 _ 10140.0 -

] Red - calculated gravity ]

Green — observed gravity
- 19130.0 10130.0 -
~19120.0 | . . | . . 120.0
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PD-13: Final PSDM Stack with velocity overlay <y

W, s A s
” e Ay N <
O Y )y N A Yo : 3 -

=

1000 - » v - 7 ' . A AN NP ARAN,
PPN ¢ AL, . e
o’ ; - e — Y o ﬂ)‘l‘ \'\\\
5000 - o - : : R g . o ’ -
; Ny R Doty St B -2 761 N [.rn?’ IR &\l\é@

6000 »

b
N

N

/,
Pl Pl . 4
e AL WA A -

i Ay L)
"‘/j"}‘m??:’\ BRI

7 4 “NR" : '

7000
8000
9000
10000

11000

18000
19000
20000

21(

25000

000




PD-13: Gravity Analysis

23

m Observed Gravity, ® Calculated Gravity,

20000 ' 40000 60000 80000

- 19120.0 Red — calculated gravity 19120.0 -
) Green — observed gravity -
- 19100.0 19100.0 -
—19080.0 19080.0 -

W cas2_den_v70_ mI1_topo_s| v70.Ict_ mI2_topo_bathy_v70.Ict mI6_top_oc_base_wedge_cont_bsmt_v70.Ict | m110_top_slab_v70.lct | mI11_oc_moho_v71.lct_

352275.031 4922814.000 16253.131 2.950 0.000 392.649 3586.785 13199.129 20915.436
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PD-19: Final PSDM Stack with velocity overlay
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PD-19: Gravity Analysis

24

m Observed Gravity, ® Calculated Gravity,
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Post Processing Workflow (PSDM)

Input migrated RMO-corrected CDP gathers
Depth-to-time conversion

High-resolution radon de-multiple

Linear noise attenuation

Angle mute — 0-30°

Stack

Inverse Q (Amplitude Only)

Time variant band pass filter (relative to water bottom)
Signal Coherency Enhancement

Scaling (RAP scale)

Time-to-depth conversion

Output to SEGY
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High Resolution Radon Demultiple

A high-resolution Radon demultiple was applied following the residual move-out correction. This was used
to attenuate residual multiples due to the improved velocity control at this point in the imaging flow, which
allowed multiples to be better distinguished from underlying primary energy.

The data were mapped to 7-q space using a parabolic Radon transform. Testing focused on two aspects of
the process, firstly optimising parameters for the transform to ensure the data was fully mapped in r-q
space, and secondly designing a suitable mute to create a model of the multiples. The multiple model was
then transformed back to the x-t domain and subtracted from the input data.

Application of the Radon demultiple effectively attenuated residual multiples and unwanted noise from the
gathers, enhancing the data and resulting in a cleaner, higher quality final stack.

Radon key parameters
P —value -1000 to 6000
Reference offset — 11000m
No.of P-values — 500
P-mute 200 to 300
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Linear Noise Attenuation

» Following the Radon a Radial Filter was applied to remove linear noise.

» Radial key parameters
Dips used in modelling linear noise — 1000, 1200, 1400, 1600, 1800, 2100, 2700, 3000, -1400, -2000, -3000 m/sec




Radon Demultiple Gathers
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Radon Demultiple Gathers
output LINE - MGL2104PD
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Linear Noise Attenuation Gathers
output LINE - MGL2104PD09
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Radon Demultiple Gathers - Input LINE - MGL2104TDO7DO08
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Radon Demultiple Gathers - Output LINE - MGL2104TDO7D

466924 467125 467326 467728 467929 - 468130

1000 1025 1050 1075 1100 1125 1150 1175 1200 1225 1250 1275 1300 1325 1350 1375 1400
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Linear Noise Attenuation - Output LINE - MGL2104TD0O7D08
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Time Variant Filter

= Parameters:
— Type: Ormsby bandpass (cosine tapers)
— Phase: zero
— Filter varied on some lines due to geological differences
— Application start time: referenced from water bottom

Time Freq. 1 Freq. 2 Freq. 3 Freq. 4
(ms) (Hz) (Hz) (Hz) (Hz)

0 0 0 90 110
1000 0 0 80 100
2000 0 0 60 70
3000 0 0 50 60

10000 0 0 40 50
14000 0 0 30 40
18000 2 3 20 25
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Inverse Q (Amplitude Only)

= Amplitude Q compensation or inverse Amplitude Q filtering corrected for this preferential attenuation of

high frequencies. The filter response was applied using the fast short term (windowed) FFT and IFFT.
This allowed Q amplitude compensation to be applied without becoming unstable in lower signal to
noise scenarios associated with increasing depth (time). Prior to migration the data already had a
phase only inverse-Q filter applied. Amplitude Q was applied after migration and post-stack.

= Q is referenced from the Water Bottom.

= Parameters:

252

— Q Value: 100 (entire survey)
— Reference Frequency: 40Hz
— Maximum Amplitude Gain: 3
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PSDM Stack - Before Post Stack Processing LINE - MGL2104PD17
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PSDM Stack - After Post Stack Processing LINE - MGL2104PD17
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PSDM Stack - Before Post Stack Processing LINE - MGL2104PD08
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PSDM Stack - After Post Stack Processing LINE - MGL2104PD08
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PSDM Stack - After Post Stack Processing LINE - MGL2104PS05
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