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= O UtlINE

=  Objective:
To evaluate FWI initial model and wavelet.

= Procedure:

Initial depth velocity model was converted and smoothed from legacy time RMS model. This is

used for FWI synthetic shot modelling.
FWI synthetic shot data is compared with real shot data for both streamer and OBN survey to

evaluate the initial model.
= Display:

Initial velocity, source wavelet, and FWI synthetic.
= Observation and Recommendation:

The water velocity of the initial model is quite reasonable. At some places the velocity just

beneath sea floor may be too fast.
Current OBN data seems to have recording issues. The shape of the wavelet from real data does

not match with synthetic data.
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Initial Velocity Model
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Initial Velocity Model (12.5m x 18.75m) 4

643 1275 1907 2539 3171 3803 1 97 183 289 385 481 577 673 769
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= Se( 018 Gun 1 Cable 2 Phase Time Slice: 2.5Hz 6
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== Se 018 Gun 1 Cable 2 Phase Time Slice: 3.0Hz
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== Se 018 Gun 1 Cable 2 Phase Time Slice: 3.5Hz
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FWI Synthetic VS Real Data
Streamer

Lcce



== SOUrce \Wavelet 10

= A 20 Hz (40 dB/Oct)
minimum phase filter
Is applied to both
source wavelet and
seismic data for FWI

synthetic and
inversion.
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Streamer: FWI Synthetic Data

SHOTRECORD / CABTR
33030285 164 240 316 392 204%§02 85 161 237 313 389 2%9?02 386 2803?&

= FWI Synthetic shots
generated up to 10
Hz.
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Streamer: Real Data (<10 Hz)

SHOTRECORD / CABTR
33030285 164 240 316 392 204%§02 85 161 237 313 389 2%9?02 386 2803?&

° = Synthetic and read
data have a good
match around water
bottom reflection.

1

Differences are
observed in the diving
wave zone indicating

velocity errors in the
initial model.

164
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= Streamer Shallow: FWI Synthetic Overlay on Real 13
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387

= Synthetic and read
data have a good
“* match around water
:«  bottom reflection.

= Differences are
observed in the diving

22 wave zone indicating

.. Vvelocity errors in the
initial model.

87






FWI Synthetic VS Real Data
Streamer

Lcce



OBS: FWI Synthetic Data

LINE 11276 /SHOTPOINT

2627 2673 2719 2765 2811 2857 2949 2995 3041 3087 3179 3225 3271 3317 3363 34%}276

= FWI Synthetic data
generated up to 10
Hz.

2627 2673 2719 2765 2811 2857 2903 2949 2995 3041 3087 3133 3179 3225 3271 3317 3363
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OBS: Real Data (< 10 Hz)

LINE 11276 /SHOTPOINT

2627 2673

2627 2673
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2719

2719
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2765

2811

2857

2857

2903

2903

2949

2949

2995

2995

3041

3087

3133

3133

3179

3179

3225

3225

3271

3271

3317

3317

3363

3363

24b4 278

3409 __ _

Compared with FWI
synthetic data, the
real data matches at a
few places (COrange
Arrow).

The shape of
wavelets do not
match between
synthetic and real
data.




OBS: Real Data (Raw)

LINE 11276 /SHOTPOINT

2627 2673 2719 2765 2811 2857 2903 2949 2995 3041 3087 3133 3179 3225 3271 3317 3363 34%}276

° = The color of the raw
data seems gray and
is not similar with

normal seismic data.

2627 2673 2719 2765 2811 2857 2903 2949 2995 3041 3087 3133 3179 3225
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OBS: Real Data (>2 Hz)

LINE 11276 /SHOTPOINT

2627 2673 2719 2765 2811 2857 2903 2949 2995 3041 3087 3133 3179 3225 3271 3317 3363 34%}276

= After 2 Hz low cut
filter, removing DC
noise, the color
remains abnormal.

2627 2673 2719 2765 2811 2857 2903 2949 2995 3041 3087 3133 3179 3225
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= OBS: Real Data (Raw) 20
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OBS Real Data (> 2Hz)

e
o
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21

= The first break energy

Is recorded as a
trough, and followed
by the ghost peak.
This observation is
consistent with
streamer data.

= Below the first break,

there’s around 50ms
of negative values
that remains almost
the same, followed by
50ms of positive with
almost same value.
This is not normal.



OBS Real Data (Raw)
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== OBS:. Real Data (> 2Hz) 23
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= Summary

© 2020 CGG

The shape of the wavelet is one of the key components for FWI
Inversion.

FWI synthetic data matches well with streamer data around water
bottom, indication a reasonable water velocity in the initial model.

FW!I synthetic data does not match well with OBS data around
water bottom.

The OBS data shows abnormal recordings that will affect the FWI.

24
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= O UtlINE
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Objective:
To QC isotropic (ISO) FWI result.
Procedure:

Isotropic FWI was run with both streamer and OBS data from 2.5 Hz to 7Hz. Only refraction
energy is used in the velocity inversion. For OBS data, a mute is applied to exclude the data that
Is affected by the recording issue.

To evaluate the result, a depth migration volume was generated using data after low cut filter.

Display:
Velocity and FWI synthetic.
Observation and Recommendation:

Current ISO FWI gives reasonable update down to ~2km beneath Water Bottom (WB). Velocity
updated deeper than this depth is hard to be evaluated at the moment, due to interference of
multiples. We’re working on a VMB depth migration volume with major preprocessing steps
applied (de-ghost and de-multiple), so we can evaluate the ISO fwi model and proceed to ISO
tomography before building TTI model and TTI FWI.



Streamer 001: FWI Input

SHOTRECORD / CABTR
}20302 79 200302 284%?02 75 231 309 387 2803?&)

® = The reflection energy
(below the blue line)
is muted.

157 235 313 391 77 155 233 311 389
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OBS Node 058: Mute on FWI Input

LINE 11204 /SHOTPOINT

&8]0204 1020 1160 1300 1440 1580 1720 1860 2000 2140 2280 2420 2560

gse  wma  we  mm mee SRR
° = The reflection energy
(below the blue line)
is muted, where
recording issue
happens when
amplitudes are high.

1020 1160 1300 1440 1580 1720 1860 2000 2140 2280 2420 2560 2700 2840 2980
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Velocity Model
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Inline 436 East: Initial Velocity

= Initial velocity is
smooth.

Crossline

E <-> W

2000

4000




= Inline 436 East: ISO FWI Velocity

m/s

ISO FWI gives
reasonable update
that follows geology,
down to 2km beneath
water bottom.



Inline 436 East: ISO FWI Velocity Perturbation

Crossline

E <-> W

ISO FWI gives
reasonable update
that follows geology,
down to 2km beneath
water bottom.

The perturbation
deeper than 2km
beneath water bottom
is hard to be
assessed, due to
interference of
multiples on seismic
data.




Inline 436 West: Initial Velocity

= Initial velocity is
smooth.




Inline 436 West: ISO FWI Velocity

A A
AN
A.J Lndd ,‘i‘:,ff/y,ﬂ
s

i

ISO FWI gives
reasonable update
that follows geology,
down to 2km beneath
water bottom.




Inline 436 West: ISO FWI Velocity Perturbation

Crossline

E <-> W

ISO FWI gives
reasonable update
that follows geology,
down to 2km beneath
water bottom.

The perturbation
deeper than 2km
beneath water bottom
is hard to be
assessed, due to
interference of
multiples on seismic
data.




FWI Synthetic VS Real Data
Streamer ( < 7 Hz)
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Streamer 001: Real Shots

SHOTRECORD /[ CABTR
}20302 5 200302 284(2?02 - 35 28038%

° = With initial velocity,
synthetic shot and
real data matches not
very well from mid to
far channels.

1

157
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Streamer 001: ISO FWI Synthetic Shots with Initial Velocity

SHOTRECORD / CABTR
}20302 79 157 235 313 391 200302 311 389 284%?02 75 153 231 309 387 2803?&)

° = With initial velocity,
synthetic shot and
real data matches not

very well from mid to
far channels.

157 235

© 2020 CGG




Streamer 001: ISO FWI Synthetic Shots with Updated Velocity

SHOTRECORD /[ CABTR
}20302 5

157 235 313 391 200302 311 389 284%?02 75 153 231 309 387 2803?&:

° = After ISO FWI date,
synthetic shots and
real data matches
better through out all
channels.

157 235 313

© 2020 CGG




Streamer 001: Real Shots

SHOTRECORD /[ CABTR
}20302 5

157 235 313 391 200302 77 155 233 311 389 284%?02 75 309 387 2803?&:

° = After ISO FWI date,
synthetic shots and
real data matches
better through out all
channels.

157 235 313

© 2020 CGG




== Streamer 001 Synthetic Overlaid on Real: Initial Velocity

SHOTRECORD 120302 [ CABTR

120302 2%
I N

54

80

106

132

158

184

210

236

262

288

314

340

366

392

418

444120302

0

__ 28
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158

184

210
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288

314

¢ = With initial velocity,
synthetic shot and
real data matches not
very well from mid to
far channels.

0.5

1.5

25
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= Streamer 001 Synthetic Overlaid on Real: ISO FW!I Velocity

SHOTRECORD 120302 [ CABTR
120302 2%
I

54 80 106 132 158 184 210 236 262 288 314 340 366 392 418 444120302

° = After ISO FWI date,
synthetic shots and
real data matches
better through out all
channels.

‘\,/ Synthetic
-+ -

Real

_._ 28 54 80 106 132 158 184 210 238 262
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== Streamer 001 Synthetic Overlaid on Real: Initial Velocity 19

SHOTRECORD 200302 [ CABTR

200302 28 54 80 106 132 158 184 210 236 262 288 314 340 366 392 418 444200302
! "

= With initial velocity,
synthetic shot and
real data matches not
very well from mid to
far channels.

Synthetic

E & Rea

-___ 28 54 80 106 132 158 184 210 238 262 288 314 340 366 392 418 444
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== Streamer 001 Synthetic Overlaid on Real: ISO FW!I Velocity 20

SHOTRECORD 200302 [ CABTR

200302 28 54 80 106 132 158 184 210 236 262 288 314 340 366 392 418 444200302
! "

° = After ISO FWI date,
synthetic shots and
real data matches
better through out all
channels.

0.5

-

1.5

25

35

% m‘1111!11111111111111 =~ Ve

W Real

4.5
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FWI Synthetic VS Real Data
OBS

Lcce



OBS 058 : Real Data

LINE 11204 /SHOTPOINT

& 20 1020 1160 1300 1860 2000 2140 2280 2420 2560 2840 2980 3120

° = With initial velocity,

2 synthetic shot and
real data matches not
very well.

1160 1300 1440 1580 1860

© 2020 CGG

2000 2140 2280 2560 2700 2840 2980 3120 3260




LINE 11204 /SEQ

OBS 058 : ISO FWI Synthetic Data with Initial Velocity

}1]234%351341020 112041160 112041300 112041440 112041580 112041720 112041860 112042000 112042140 112042280 112042420 112042560 112042700 112042840 112042980 112043120 112043260 11}011'1390%

= With initial velocity,
synthetic shot and
real data matches not
very well.

© 2020 CGG



OBS 058 : ISO FWI Synthetic Data with Updated Velocity

LINE 11204 /SEQ

}1]234%351341020 112041160 112041300 112041440 112041580 112041720 112041860 112042000 112042140 112042280 112042420 112042560 112042700 112042840 112042980 112043120 112043260 11}011'1390%

° = After ISO FWI date,
synthetic shots and
real data matches
better.

Mismatches at far
offset remains, where
ISO FWI may suffer

from cycle skipping
due to large velocity
error in deep section.

© 2020 CGG



OBS 058 : Real Data

LINE 11204 /SHOTPOINT

&8]0204 1020 1160 1300 1440 1580 1720 1860 2000 2140 2280 2420 2560 2840 2980 3120

After ISO FWI date,
synthetic shots and
real data matches
better.

Mismatches at far
offset remains, where
ISO FWI may suffer

from cycle skipping
due to large velocity
error in deep section
and/or anisotropic
effect.

1020 1160 1300 1440 1580 1720 2000 2280 2420 2560 2700 2840 2980 3120

© 2020 CGG




== OBS 058 Synthetic Overlaid on Real: Initial Velocity 26

LINE 11204 [ SHOTPOINT

0 T ° = With initial velocity,
: ' synthetic shot and
, 2 real data matches not
. 3 very well.
4 | 4
. 5
. .
. ;
. 6
I
© 1 e ’
10 i m 10
1 1
" 6k 12
13 i . 13
14 i 14 ‘\,/ Synthetic
15 15
: i . B & Real

1230 1358 1426 1494 1562 1630 1698 1766 1834 1902 1970 2038 2106 2174 2242 2310 2378 2446 2514
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== Streamer 001 Synthetic Overlaid on Real: ISO FW!I Velocity 27

LINE 11204 [ SHOTPOINT

1290 1358 1426

1494

1562

1630

1698

1766

1834

1902

1970

2038

2106

2174

2242

2310

2378

2446

2514

16

il

0

1

10

11

12

13

14

15

16

1230 1358 1426
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1494

1562

1630

1698

1766

1834

1902

1970

2038

2106

2174

2242

2310

2378

2446

2514

After ISO FWI date,
synthetic shots and
real data matches
better.

Mismatches at far
offset remains, where
ISO FWI may suffer
from cycle skipping
due to large velocity
error in deep section
and/or anisotropic
effect.

Synthetic

E 5 Real



= Summary 28
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ISO FWI gives reasonable update that follows geology down to
~2km beneath water bottom.

Deeper than 2km beneath water bottom, we have less confidence
due to increasing chances of cycle skipping and/or anisotropic
effects.

We plan to use reasonable update to continue with ISO
tomography, which may provide better starting model for TTI1 FWI,
especially in the deep section.
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= O UtlINE
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Objective:
To QC isotropic (ISO) FWI result via depth migration.
Procedure:

The VMB migration input is prepared from the production data after linear noise attenuation.
Several key steps were applied to reasonably clean the data. These processes include WCS,
RMC, 2D deghost, 3D demultiple, and some simple denoise.

Kirchhoff depth migrations were done with 5 km aperture and down to 15 km. A time variant scale
was applied to balance the amplitude for QC purpose.

Display:
Velocity and migrated depth full stack & gathers.
Observation and Recommendation:

ISO FWI velocity gives overall flatter gathers and improvements on migrated stack, compared to
initial velocity. We recommend to move on to ISO tomography.



Velocity Model
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== Inline 436 East: Initial Velocity

= Initial velocity is
smooth.
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= Inline 436 East: Modified ISO FWI Velocity

ISO FWI gives
reasonable update
that follows geology,
down to 2km beneath
water bottom.



Inline 436 East: Modified ISO FWI Velocity Perturbation

ISO FWI gives
reasonable update
that follows geology,
down to 2km beneath
water bottom.

The perturbation
deeper than 2km
beneath water bottom

is removed with taper.




Inline 436 West: Initial Velocity

= Initial velocity is
smooth.

E<-> W

Crossline




 Inline 436 West: Modified 1ISO FWI Velocity

E<->W

Crossline

ISO FWI gives
reasonable update
that follows geology,
down to 2km beneath
water bottom.




Inline 436 West: Modified ISO FWI Velocity Perturbation

ISO FWI gives
reasonable update
that follows geology,
down to 2km beneath
water bottom.

The perturbation
deeper than 2km
beneath water bottom

is removed with taper.
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Inline 236 CDP Gathers: Initial
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Inline 236 CDP Gathers: ISO FWI
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Inline 436 CDP Gathers: Initial 21
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Inline 436 CDP Gathers: ISO FWI
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Inline 636 CDP Gathers: Initial 27
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Inline 636 CDP Gathers: ISO FWI 28
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IT1 - Isotropic Tomography

NZ 3D Processing

ar
25 November 2020 1S N
ﬂﬁ.ﬂ! INSTITUTE FOR GEOPHYSICS CGG

cgg.com Passion for Geoscience



= O UtlINE

© 2020 CGG

Objective:
To update overall velocity trend and get accurate shallow velocity for anisotropy analysis.
Procedure:

The input is migration result after isotropic (ISO) FWI update.
Residual move-out information was picked on CDP gathers on a grid size 50m X 56.25m.
Isotropic non-linear tomography was applied globally from water bottom to 15 km.

Display:
Velocity and migrated depth full stack & gathers.

Observation and Recommendation:

Iteration 1 (IT1) tomography globally flattens CDP gathers. Events in the deep area are simpler
and more geological, compared to previous result. Events close to water bottom are flat from
near to far angle, indicating a reasonable velocity for anisotropy analysis.



Velocity Model
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= Inline 436 East: ISO FWI Velocity

4

Starting model is from
Modified ISO FWI
velocity.

Deep area velocity
trend still follows
water bottom.



= Inline 436 East: IT1 ISO Tomography Velocity

5

IT1 ISO tomography
overall slows down
the velocity and
provides some details
that follow geology.



== Inline 436 East: Velocity Perturbation

Crossline

m/s

IT1 ISO tomography
overall slows down
the velocity and
provides some details
that follow geology.



Inline 436 West: ISO FWI Velocity

El<-> W

Crossline

Starting model is from
Modified ISO FWI
velocity.

Deep area velocity
trend still follows
water bottom.




Inline 436 West: IT1 ISO Tomography Velocity

E <> W

Crossline

8

IT1 ISO tomography
overall slows down
the velocity and
provides some details
that follow geology.

More smoothed
update in low S/N
area.




Inline 436 West: Velocity Perturbation

Crossline

m/s

IT1 ISO tomography
overall slows down
the velocity and
provides some details
that follow geology.

More smoothed
update in low S/N
area.




Kirchhoff Depth Migration
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Inline 236 CDP Gathers: ISO FWI 0 Ui
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Inline 236 CDP Gathers: IT1 ISO Tomogray 439 Mluts 16
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Inline 436 CDP Gathers: ISO FWI S5V
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Inline 436 CDP Gathers: IT1 ISO Tomogray 339 Wluty | 22
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Inline 636 CDP Gathers: ISO FWI S5
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Inline 636 CDP Gathers: IT1 ISO Tomogray 939 Mty 28
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ISO FWI
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= Summary

= |T11SO tomography gives accurate velocity close to water bottom
that can be used to derive anisotropic parameters.

= |T1 gives reasonable deep velocity update which can be a good
starting point for TTI FWI.

© 2020 CGG
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Initial Well Analysis

Lcce
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32

Among the 3
available wells,
only 2 of them
are in our survey
coverage,
U1519A and
U1518B.

Both wells are
close to Inline
500.



Inline 499: Well Location




Well U1519A

= At U1519A, ISO
velocity matches
with well sonic
quite well,
indicating O delta.

© 2020 CGG



Well U1518B

= At U1518B, ISO
velocity follows
the well sonic
trend and faster
than the sonic.

An estimated 4%
delta is needed to
make velocity
match the well
sonic.
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Inline 499: Well Location
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= Outline
= The unconformity surfaces were load to the system and overlaid on

corresponding stack volume.

= Ininline direction, the surface matches the volume well, while edge of the
survey is not fully covered.

= In crossline direction, sudden jumps between picked inlines are observed.

= Interpolation of the surface was also tested, which does not resolve the
jumps in the crossline direction.
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Inline 450: Raw Unconformity Surface

Raw surface without
interpolation.
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Inline 450: Interpolated Unconformity Surface

Interpolated surface
shows cutting though
of events in the
shallow water area.
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Crossline 4095: Raw Unconformity Surface

In the crossline
direction, pick inlines
seem to jump among
different events.
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Crossline 4095: Interpolated Unconformity Surface 6

After interpolation, the
surface crosses over
multiple events.
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= O |t]lINE

= Objective:
To convert IT1 ISO model to TTI models.
= Procedure:

Based on the well analysis, we constructed delta model with 4% below unconformity
surface and 0% above the surface, where unconformity surface was picked on IT1
volume.

Epsilon is 1.25 x Delta, which is 5% based on epsilon scanning result.
Theta and phi was also picked on IT1 volume with depth variant smoothing.

= Display:

Velocity models, profiles at well locations, and migrated depth full stack & gathers.

= Observation and Recommendation:

Introducing TTI parameters results in a upward shift of migration result where delta is not 0%. The
TTI velocity is now matches well sonic recordings.
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Velocity Models




Inline 436 East: Delta :

Below unconformity
surface, the delta is
4%, 0% else where,
with a 100m taper
below the surface.

TTI migration seismic
in the back ground.




Inline 436 East: Epsilon

4000
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Epsilon is 1.25 times
delta, that is 5%,
based on epsilon
scanning result.

TTI migration seismic
in the back ground.




Inline 436 East: ISO Velocity

IT1 1ISO migration
seismic in the back
ground.




= ||iIN€ 436 East:

TTI Velocity

IT2 converted TTI
velocity shows slow
down below
unconformity surface
due to 4% delta.

TTI migration seismic
in the back ground.



Inline 436 West: Delta

Below unconformity
surface, the delta is
4%, 0% else where,
with a 100m taper
below the surface.

TTI migration seismic
in the back ground.




Inline 436 West: Epsilon

Epsilon is 1.25 times
delta, that is 5%,
based on epsilon
scanning result.

TTI migration seismic
in the back ground.




Inline 436 West: ISO Velocity

IT1 1ISO migration
seismic in the back
ground.




Inline 436 West: TTI Velocity

IT2 converted TTI
velocity shows slow
down below
unconformity surface
due to 4% delta.

TTI migration seismic
in the back ground.




Well U1519A

= At U1519A, both
ISO and TTI
W S R velocity matches
AN e well, since delta
is 0% above
unconformity.
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Well U1518B

= At U1518B, TTI
velocity matches
with well after we
introduce 4%
delta.
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Kirchhoff Depth Migration
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Inline 436 CDP Gathers: IT1 ISO 850
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Inline 436 CDP Gathers: IT2 TTI 850
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Epsilon Scans
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TTI CDP Gathers & Full Stack: 4% EpS|Ion
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TTI CDP Gathers & Full Stack: 5% EpS|Ion
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TTI CDP Gathers & Full Stack: 6% EpS|Ion
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Unconformity Surfaces
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Well U1519A Inline 501: UTIG Surfaces

— T2 TTI

o Unconformity?

E <-> W

Crossline We” U15 19A

© 2020 CGG



Well U1519A Inline 501: CGG Surface

— T2 TTI

E <-> W

Crossline We” U15 19A
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Well U1519A Xline 4199: UTIG Surfaces

— T2 TTI

o Unconformity?

N <->§

Inline We” U1519A
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Well U1519A Xline 4199: CGG Surface

— T2 TTI

N <->§

Inline We” U1519A
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IO AN,

Inline 310 & Xline 52:
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Inline 310 & Xline 5239 CGG Surface

E<>W “ - N<->5

Inllne 310 Crossline M‘ne 5239 lineey
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= Summary

© 2020 CGG

TTI conversion seems reasonable. And it's recommended to use
one round of TTIl tomography to fine tune the velocity, before TTI
FWI.

There’s still a need to adjust unconformity surfaces to get more
geological transition from 0% delta to 4% delta. This adjustment will
not bring significant changes to the current result.

33
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= O |t]lINE

= Objective:
To adjust TTI velocity model for TTI FWI.
= Procedure:

We updated delta and epsilon base on the new unconformity surfaces. We further updated
the velocity using TTIl tomography (TOMO) to get better starting model for TTI FWI.

= Display:
Velocity models and migrated depth full stack & gathers.

= Observation and Recommendation:

The TTI tomography reasonably improves the gather flatness and event focus on stack. We
recommend to move onto TTI FWI.
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Velocity Models




Inline 436: IT2 TTI Stack with Old Delta & Epsilon

Dglizl . = Old delta and
: corresponding
seismic.

I Full stack




: Inline 436: I1T2 TTI Stack with New Delta & Epsilon

= New data and
corresponding
seismic.

DEIe!

The change of delta
causes minor shift on
the seismic, due to
corresponding

velocity change.

I Full stack




= Inline 436 East: IT2 TTI Velocity before Tomography

= |T2 converted TTI
velocity with new
delta and epsilon.




= Inline 436 East: IT2 TTI Velocity after Tomography 7

= |T2 tomographic TTI
velocity with new
delta and epsilon.
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Inline 436 East: Velocity Perturbation

= Starting from a better
velocity, IT2 TTI
tomography gives
smaller perturbation
compared to IT1 ISO
tomography.

Crossline

m/s



velocity with new
delta and epsilon.
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10

= |T2 tomographic TTI
velocity with new

,/ e -"M"é’ : delta and epsilon.

o

—

2000 \ A 2000

v ’ : ‘
4000 {1 \ LR e Y L

E <-=W

Crossline



Inline 436 West: Velocity Perturbation 11

= Starting from a better
velocity, IT2 TTI
tomography gives
smaller perturbation
compared to IT1 ISO
tomography.
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Kirchhoff Depth Migration
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Inline 236 CDP Gathers: before TTI TOMO
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Inline 236 CDP Gathers: after TTI TOMO 850
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Inline 436 CDP Gathers: before TTI TOMO 850
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Inline 436 CDP Gathers: after TTI TOMO S50
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Inline 636 CDP Gathers: before TTI TOMO
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Inline 636 CDP Gathers: after TTI TOMO 350
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= Summary 25

© 2020 CGG

TTI tomography overall gives reasonable improvement.

High resolution velocity is needed in the shallow (2~3 km beneath
the water bottom) to heal the weird shape of events on gathers.

Following TTI FWI will target at a high resolution update to further
Improve the result.
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Objective:
To QC intermediate 7Hz TTI FWI result.

Procedure:

TTI FWI was run with both streamer and OBS data from 2.5 Hz to 7Hz. Refraction energy is used
in both data sets and reflection energy of streamer data is also included in the inversion.
7Hz TTI FWI velocity was used to generate the synthetic shots.

Display:
Velocity and FWI synthetic.

Observation and Recommendation:

Current TTI FWI gives more detailed velocity that aligns more with geology, compared with IT2
TTI tomographic velocity. Synthetic shots have better match with the real data indicating a
reasonable update. We'll continue the TTI FWI update to 12 Hz according to our contract.



. Streamer 001: FWI Input

SHOTRECORD [ CHANNEL
635 713 791 869 2004%92 562 643 721 799 877 280%9'? 570 65 807 ggozoz

X = The reflection energy
N ISO FWI mute below the blue line is
o —— TT1 FWI mute mute.

Compared to ISO
FWI, part of the
reflection energy is
included in the
inversion to get more
resolution in the
velocity.

OBN input data is not
changed (refraction
only), due to the low
quality of it’s reflection
zone.
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Velocity Model




= |nline 436 East: IT2 Velocity

= Starting velocity is
from IT2 TTI
tomography.
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= Inline 436 East: 7Hz TTI FWI Velocity 6

= TT FWI velocity aligns
more with geology.

m/s



Inline 436 East: Velocity Perturbation

= TTI FWI give detailed
velocity perturbation.

W Crossline

m/s



Inline 436 West: IT2 Velocity

= Starting velocity is
: from IT2 TTI
oy & ... "’**"‘é’ 7 tomography.
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Inline 436 West: 7Hz TTI FWI Velocity 9

= TT FWI velocity aligns
more with geology.
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Inline 436 West: Velocity Perturbation 10

= TTI FWI give detailed
velocity perturbation.
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FWI Synthetic VS Real Data
(<9 Hz)
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= OBS 058 Synthetic Overlaid on Real: IT2 Velocity

© 2020 CGG

12

Before TTI FWI,
synthetic shot and
real data matches not
very well from mid to
far channels.

‘\/ Synthetic

E = Real



= OBS 058 Synthetic Overlaid on Real: IT3 7Hz FWI Velocity 13
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== Streamer 001 Synthetic Overlaid on Real: IT2 Velocity 14

SHOTRECORD 120302 [/ CABTR

o T e = Before TT1 EWI.
s bl U ﬂ ‘ s Synthetic shot and
real data matches not
el il 1 very well from mid to
2 I far channels.
. Jhdil il J e [T— |

5.5

" ‘\/ Synthetic
- B 3

. Real
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= Streamer 001 Synthetlc Overlaid on Real: IT3 7Hz FWI Velocity s
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° = After TTI FWI date,
synthetic shots and
real data matches
better through out all
channels.

A\/ Synthetic

5.5 5.5
: - B & Real
© 2020 CGG




IT3 = 12Hz TTI FWI

NZ 3D Processing

1 J &
20 January 2021 N
INSTITUTE FOR GEOPHYSICS CGG

Passion for Geoscience

cgg.com



= O |t]lINE

© 2020 CGG

Objective:
To QC 12 Hz TTI FWI result.

Procedure:

TTI FWI was run with both streamer and OBS data from 2.5 Hz to 12Hz. Refraction energy is
used in both data sets and reflection energy of streamer data is also included in the inversion.
An updated migration input was used with less residual multiples and artifacts, mainly due to the
change from 2D deghost to 3D deghost and common offset denoise.

Display:
Velocity, migrated depth full stack & gathers.

Observation and Recommendation:

12Hz TTI FWI gives more detailed velocity that aligns more with geology, compared with IT2 TTI
tomographic velocity. Migration with FWI velocity shows overall improvement, especially dipping
events in the target area.



Velocity Model




Depth 1400m: IT2 Velocity

Starting velocity is
from IT2 TTI
tomography.




: Depth 1400m: IT3 12Hz TTI FWI Velocity

F

5

TT FWI velocity aligns
more with geology
and provides more
details.




== Depth 1400: Velocity Perturbation 6
F

-

TTI FWI give detailed
velocity perturbation.
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= |nline 436 East: IT2 Velocity

= Starting velocity is
from IT2 TTI
tomography.
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= |nline 436 East: IT3 12Hz TTI FWI Velocity 8

= TT FWI velocity aligns
more with geology
and provides more
details.




Inline 436 East: Velocity Perturbation

= TTI FWI give detailed
velocity perturbation.
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Inline 436 West: IT2 Velocity

. = Starting velocity is
from IT2 TTI
tomography.
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Inline 436 West: IT3 12Hz TTI FWI Velocity 11

. = TT FWI velocity aligns
more with geology
and provides more
details.
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Inline 436 West: Velocity Perturbation 12

= TTIFWIgive detailed
= =4 velocity perturbation.
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Inline 236 CDP Gathers: before TTI FWI 852
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Inline 236 CDP Gathers: after TTI FWI 850
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Inline 430 CDP Gathers: before TTI FWI 852
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Inline 430 CDP Gathers: after TTI FWI 850

1749 1909 2069 2229 2389 2549 2709 2869 3029 3189 3349 3509 3669 3829 3989 4149 4309 4469 4629 4789 4949 5109 5269 5429

) Rt SRR

\ ,~ y v & A N
A M e o R
,mp\ -\\ LN ) ! A\
' .& \.\\.:?'. "\“7‘:'--

TR EX N
_\\:" \\\\\ ‘ ‘\ ‘\\
Wb N
A’\ -
f.\ N Ik.‘ N
\ W

“ﬁ-.

\
\v-

© 2020 CGG



600 . -

Q e o p— -«.:‘ o M n N g e .
600 o o - \ .\E«v‘\“‘ . | i e Ny ; i
i . e S N, &
\\’\' ‘:. iy . N k : ¢
" \_;'\ N N o ! \ vy %
- -
. vl \ o \ d y \ g ~
8000 - . . ‘uf /’ - — .:.,* '%‘\‘ 210]0] aad
N\ N ¥ . - .
> s e - /, "‘\“w'ﬂi A
Ny et -~ . >
NN & T
. o 4o | M ’ ) .
. N > /Y el C - . "
10000 2 . s’ 7 4 S 1000
\ ” Pl S PN . '
r -
NN W e T :
L e Al T "
. . / o g > - ’
. 0 g E - W - SN
12000 ~ T N 1200 .
X o>/ Crossline v Inlines




10000

12000

»
\ - y ./ ’
g > B e 1000
e . /’ e N N .
N\ y -
. \ \ . -- . / ~ e
- o’
N, .
E<->W - ’
T 1200
Crossline " o

- N

salfling




”»
Crossline Inline




2000

= = : - ~. -
40007 \ \ ) \ ) ' . 400
B ~ \ AN NAL

N T — " N \ A - ' . ,4/
E, ,:,:, N \\\‘ T . : \ \‘\ '\v . "3 -~
S N . \ o el
S 2 - - - ™. N JA e
- ‘.‘- - ~‘—'\.‘ N " ) \ ‘\ \ “ p v .
- “-‘w -,\ *\ - s e \ @ (i \\ \ ' . -
- ‘ - % \ v
- 2 - —— ‘_‘dv . \ o~y R
‘-.- “ - o .~ ’ o » ~'. .‘ " . \ .
e o “ad “y'w ’.&' . -
ST . q\' P e ; " v 600 v e
PN - . \ - Sl /)
- . g . M/ e T .

' S5 &> N
o R -
-4 ~ Crossling X e . Inling a




Inline 628 CDP Gathers: before TTI FWI 850
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Inline 628 CDP Gathers: after TTI FWI 850
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= Objective:

To evaluate the benefit from RTM compared to Kirchhoff migration.

= Procedure:

TTI RTM was run to 20Hz using IT4 velocity.

= Display:
Migrated depth full stack & gathers.

=  (Observation and Recommendation:

20Hz TTI RTM result has less migration swings and high frequency noises. Events in the deep
sections are more continuous and better illuminated at places where velocity is complex.
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=== IMmpulse Response: Kirchhoff VS RTM

Inline 601 Xline 3898

Kirchhoff Kirchhoff
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= Objective:

To evaluate the benefit from tilted orthorhombic (TOR) VMB.

= Procedure:

OBS data was divided into 6 azimuth sectors, which were used to run 6 TTI FWI. Tilted
orthorhombic TOR models were then built base on 6 TTI models to handle azimuthal anisotropy.
OBS only TOR FWI was run using converted TOR models as starting model to fully utilize the
benefit from TOR setting.

= Display:
Velocity models, migrated depth full stack & gathers.

= Observation and Recommendation:

20Hz TTI QRTM result has less migration swings and high frequency noises. Events in the deep
sections are more continuous and better illuminated at places where velocity is complex.

© 2020 CGG
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== Synthetic and Real Data X-correlation: IT4 TTI Velocity
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= Tilted Orthorhombic Anisotropy

Tilted Transverse Isotropy (TTI)
Vit = Vo # Vi3
Parameters:
V58,60,

Tilted Orthorhombic
Vxl + sz + Vx3
Parameters:
V ) 61; 62) 63; 81) 82; 9; <P; <p2

Figure courtesy of Professor Tsvankin
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=== From TTI to TOR ;

Azimuthal TTI FWI VIS0 FwI

Azimuth

o
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ORT Parameters
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= OR Parameters: Slow Velocity Azimuth

= Slow velocity azimuth is aligned with dip
direction of the structures, around 90
degree azimuth.

= This observation agrees with what’s
reported in the JAMSTEC paper.

5 D]
o T
5 —

u 8 o e i c
-35 .-30' 25 20 -15 ® 5 10 15 20 25 30 35

= Fast axis

Ryuta Arai, et al.,Three-Dimensional P Wave Velocity Structure of
the Northern Hikurangi Margin From the NZ3D Experiment:
Evidence for Fault-Bound Anisotropy, Journal of Geophysical
Research: Solid Earth, 2020.

«<— Acquisition direction
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= TOR Parameters: Deltas and Epsilons

= Maximum ~6% del and eps

difference between fast and
slow velocity azimuth.

Fast

= This observation also aligns
with what's reported in the
JAMSTEC paper.
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== Synthetic and Real Data X-correlation: IT4 TTI Velocity
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== Synthetic and Real Data X-correlation: Converted TOR Velocity
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 Full Stack: IT4 TTI Result
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: Full Stack: Converted TOR Result
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== Synthetic and Real Data X-correlation: Converted TOR Velocity
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= Synthetic and Real Data X-correlation: TOR FWI Velocity
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Objective:

To further improve deep velocity, especially in the middle and west part.

Procedure:

Based on IT3 result, theta and phi were updated. Epsilon is increased from 5% to 8% in the
middle to west part based on previous epsilon scanning result. TTI FWI was then run with
updated anisotropy from 2.5Hz to 5Hz.

Display:
Velocity, migrated depth full stack & gathers.

Observation and Recommendation:

In the low S/N area from middle to west of the survey, the velocity in the deeper area is more
geological and results in a better imaging of the central dipping events. We’'ll continue to focus
this area for better velocity.



Velocity Model




Inline 436: Update on Epsilon

= Base on epsilon scan
result, the epsilon
value was increased
for the middle and
west part.

6000




= |nline 436 East: IT3 Velocity

= Starting velocity is
from IT3 TTI FWI.




= |nline 436 East: Current Velocity

= Velocity perturbation
is small in this area.




Inline 436 East: Velocity Perturbation

= Velocity perturbation
is small in this area.
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Inline 436 West: IT3 Velocity

= Starting velocity is
from IT3TTI FWI.

E=-> W

Crossline




Inline 436 West: Current Velocity 9

= After update with new
anisotropy, the
velocity is more
geological in the deep
part.
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Inline 436 West: Velocity Perturbation 10

= Velocity perturbation
IS more in the deep
part.
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Kirchhoff Depth Migration
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Inline 205 CDP Gathers: IT3 Result 85

1141 1301 1461 1621 1781 1941 2101 2261 2421 2581 2741 2901 3061 3221 3381 3541 3701 3861 4021 4181 4341 4501 4661 4821 4981
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Inline 205 CDP Gathers: Current Result 850

1141 1301 1461 1621 1781 1941 2101 2261 2421 2581 2741 2901 3061 3221 3381 3541 3701 3861 4021 4181 4341 4501 4661 4821 4981
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Inline 418 CDP Gathers: IT3 Result 85
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Inline 418 CDP Gathers: Current Result 850

1789 1949 2109 2269 2429 2589 2749 2909 3069 3229 3389 3549 3709 3869 4029 4189 4349 4509 4669 4829 4989 5149 5309 5469 5629
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Inline 620 CDP Gathers: IT3 Result 85
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Inline 620 CDP Gathers: Current Result 850
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Objective:

To further improve deep velocity, especially in the middle and west patrt.

Procedure:

Following the previous intermediate result, TTI FWI was run to 6Hz. An anomalous inverse Q
absorption model was derived from FWI velocity (mainly below the BSR where gas accumulates)
and was added to the FWI velocity only inversion. This approach gives a FWI velocity that results
in flatter gathers in the gas zone.

Display:
Velocity, migrated depth full stack & gathers.

Observation and Recommendation:

In the low S/N area from middle to west of the survey, the velocity in the deeper area is more
geological and results in a better imaging of the central dipping events. We’ll continue to focus
this area for better velocity.



Velocity Model




Inline 436: Anomalous Inverse Q Model

= An anomalous
inverse Q Model was
derive from the FWI
velocity.
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= |nline 436 Eest: Previous Velocity

= Previous preliminary
FWI velocity




= |nline 436 Eest: Current Velocity

Current TTI FWI
velocity considering
anomalous Q
absorption.



Inline 436 Eest: Velcoity Perturbation

= Velocity perturbation
shows a increase of
velocity below the
BSR.
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Inline 436 West: Previous Velocity 8

Previous preliminary
FWI velocity
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Inline 436 West: Current Velocity

Current TTI FWI
velocity considering
anomalous Q effect.
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Inline 436 West: Velcoity Perturbation 10

= Velocity perturbation
shows a increase of
velocity below the
BSR and in the gas
zone.
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Inline 236 CDP Gathers: Previous Result 852

1337 1497 1657 1817 1977 2137 2297 2457 2617 2777 2937 3097 3257 3417 3577 3737 3897 4057 4217 4377 4537 4697 4857 5017 5177
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Inline 236 CDP Gathers: Current Result 850

1337 1497 1657 1817 1977 2137 2297 2457 2617 2777 2937 3097 3257 3417 3577 3737 3897 4057 4217 4377 4537 4697 4857 5017 5177
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Inline 436 CDP Gathers: Previous Result 852

1609 1769 1929 2089 2249 2409 2569 2729 2889 3049 3209 3369 3529 3689 3849 4009 4169 4329 4489 4649 4809 4969 5129 5289
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Inline 436 CDP Gathers: Current Result 850

1609 1769 1929 2089 2249 2409 2569 2729 2889 3049 3209 3369 3529 3689 3849 4009 4169 4329 4489 4649 4809 4969 5129 5289
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Inline 636 CDP Gathers: Previous Result 852

1661 1821 1981 2141 2301 2461 2621 2781 2941 3101 3261 3421 3581 3741 3901 4061 4221 4381 4541 4701 4861 5021 5181 5341
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Inline 636 CDP Gathers: Current Result 850

1661 1821 1981 2141 2301 2461 2621 2781 2941 3101 3261 3421 3581 3741 3901 4061 4221 4381 4541 4701 4861 5021 5181 5341
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= O |t]lINE

= Objective:

To further improve deep velocity, especially in the middle and west part.

= Procedure:

Following the previous TTI FWI result, a global TTI tomography is applied to further flatten
gathers, especially outside OBS data coverage.

= Display:
Velocity, migrated depth full stack & gathers.

=  (Observation and Recommendation:

The flatness of the gathers are improved. And events on stack have better focus and continuity.
We recommend to proceed with this T4 velocity.

© 2020 CGG



Velocity Model




== |N|INE@ 436 East: Previous FWI Result

= Previous QTTI FWI
velocity




= |Inline 436 East: Current Tomography Result

= Current tomography
velocity.




Inline 436 East: Velocity Perturbation

= Relative small velocity
perturbation, due to
better starting model.




Inline 436 West: Previous FWI Result

Previous QTTI FWI
velocity

-

\

E<-5W

Crossline




Inline 436 West: Current Tomography Result

= Current tomography
velocity.
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Inline 436 West: Velocity Perturbation 9

= Relative small velocity
perturbation, due to
better starting model.
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Inline 101 CDP Gathers: Previous Result g9 \yluis 15
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Inline 101 CDP Gathers: Current Result g9 \yluiz 16
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Inline 451 CDP Gathers: Previous Result 852
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Inline 451 CDP Gathers: Current Result g0 \Yluis 22
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Inline 745 CDP Gathers: Previous Result 959 Mty | 27
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Inline 745 CDP Gathers: Current Result g9 Vi 28
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= O |t]lINE

= Objective:

To further improve deep velocity, especially in the middle and west part.

= Procedure:

Following the previous global TTI tomography, a high resolution tomography is applied on the
east side and scanning tomography is applied on the east deep part, that outside the OBN FWI
coverage.

= Display:
Velocity, migrated depth full stack & gathers.

=  (Observation and Recommendation:

The flatness of the gathers are improved. And events on stack have better focus and continuity.
We’'ll further update the deep velocity.
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Inline 436: IT4
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Inline 436: Velocity Perturbation

High resolution
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Inline 236 CDP Gathers: IT4 Result 959 i
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Inline 236 CDP Gathers: Current Result
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Inline 436 CDP Gathers: IT4 Result 959 i
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Inline 436 CDP Gathers: Current Result 49yl
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Inline 636 CDP Gathers: IT4 Result 959 i
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Inline 636 CDP Gathers: Current Result g9 Vi 25
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= O |t]lINE

= Objective:

To further improve deep velocity, especially in the middle and west part.

= Procedure:

Following the previous velocity update, scanning tomography is applied on the east side and
deep section. Further high resolution tomography is applied to localized area to fine tune the
velocity.

= Display:
Velocity, migrated depth full stack & gathers.
= Observation and Recommendation:
The flatness of the gathers are improved. And events on stack have better focus and continuity.

We recommend to use this velocity for final migration.
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Velocity Model
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Inline 233 CDP Gathers: IT5 Preliminary Result 855
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Inline 233 CDP Gathers: IT5 Final Result 850
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Inline 500 CDP Gathers: IT5 Preliminary Result 855

1477 1637 1797 1957 2117 2277 2437 2597 2757 2917 3077 3237 3397 3557 3717 3877 4037 4197 4357 4517 4677 4837 4897 5157

=
wu
g &

-
un
(=3

w W N N
& 8 & 8
B e B e B St R

P
[=3
(=3

.
..\
» \\

N
“\ \\ ‘(v"

-~
';.\ \« \ w5 , ',. /)
a p X

-

w \ Mi.\ \
. s \

" o #‘“ﬁ . ‘,




Inline 500 CDP Gathers: IT5 Final Result 855
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Inline 636 CDP Gathers: IT5 Preliminary Result 855
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Inline 636 CDP Gathers: IT5 Final Result 850
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VMB Summary
Initial VS IT5 Final
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Velocity Profile at Well Location

Well U1518B Well U1519A
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Full Stack: IT5 Final Velocity
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Full Stack: IT5 Final Velocity
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Full Stack: IT5 Final Velocity
Inline 636 & Crossline 5159
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= Summary 34

= The VMB process results in a high-resolution and more geological

velocity that greatly improves the stack image. We recommend to
use it for final migration.

= Resulting events are shallower compared to our initial estimation at

the start of the project. We recommend the final migration depth to
15km instead of 20km.
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