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Practical exercises




Content

«  Exercise 1 — offset gather visualization and near offset stack generation
*  Exercise 2 — convert migrated offset gathers to angle gathers and create angle stacks; compare raw and final angle gathers
* Exercise 3 — observe and describe how amplitude varies with angle for a given event
«  Exercise 4 — expected AVA response modelling based on log data
« Exercise 5 — AVA analysis 1
- Generate 4 final angle stacks
- Amplitude extraction on angle stacks & full stack
- Create 10-fold partial pre-stack gathers
- Compare with 1 deg angle gathers
- Extract windowed attributes on angle stacks (+/-8 ms max neg, max pos, RMS), observe patterns
- Arbline through feeder — view on angle stacks, flat-spot
- Pre-stack well-tie
- Building models from well-logs
* Exercise 6 — AVA analysis 2
- Compute intercept & gradient from mapped amplitude; cross-plot; describe class
- Compute Chi 25, 50 maps
- Pre-stack spectral decomposition
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Exercise 1

Exercise 1

* Visualise raw migrated offset gathers and create a near offset stack

« What artefacts can be seen in the data?

* How might these impact our amplitudes?
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Startup

Exercise 1

Open the Odin_QAI project "

Project

§) Create Project...

& Open Project...

Remove Project... 2

O (BB ess

© Sharp Reflections 2023

Open Project X
Look in: m remotey/data_par...Dave/QAL Seminar + | @ © © @ [ [E
9 Projects
7 remote:

File name: config_PreStackPro.xml

Files of type: E’mjecl files (config_PreStackPro. xm'H =il xcan:e\ |

The Gathering 2023

From the top level menu:

» Select Project
1. > Open Project
> Odin_QAl

Open Project X,

9 remote:
Near_Angle_Wavelet

| 2.
o (W e 0 9 @ # B[] 3. > config_PreStackPro.xml
S 4,

3 > Open

# PL573S_smoothed_interval_velocities
#9 PointSets

™ PointsOfinterest

™ PolygonSelections

# Top_Frigg_Smoothed_Pcube+

# VelocityFunction

# Volumes
™ WellData

File name: | config_PreStackPro.xml | wopen || 4

Files of type: broject files (config_PreStackPro.xml) > | X Cancel
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Load raw migrated offset gathers into memory

Attributes Processing Interpretatic
‘ 3
P

[=]le

Ble Bl 7 9GO E

40 Create Project Default Objects...
4D Restore Project Data...
4D Edit Project Settings ...
& Close Project... »
A

(7 save session...

[~ Restore Session.

le Manage
# Data Pool...

Import Data v ,
§ Import wells v

Select Data ¥

Export Data »

23 Fileg:_ odin_QAl
Seismic Data [2]

Properties | User Comments

Raw_offset_gathers 25x25m @ Properties of File
Final_offset_gathers_25x25m
@ velocities [1]

Domain
Inline: Inlines
Crossline: Crosslines
Fold: Offsets
Trace: Time
Content:  Seismic Amplitude
@ Probabilities (1] Property
NMO
= Typical Amplitude
W other (2] Average value

Weiorzonsandiinaps izl Standard Deviation of values

@ wavelets [1]
@ Wells and Logs [1 + 4]

Additional Properties
File size 58.163 GB

Dependencies

Belongs to Survey:  Default

History

"Raw_offset_gathers_25x25m"

Minimum Maximum
26650 27950
16000 16700
292.00 6067.00
0.000 3.500
-143488.000  161920.000
value

2nd Order NMO Correction applied
2896.138

56.055

5361.426

9 [ #Edr |[ &

v Visible

Unit Interval
2
2
m  75.00m
s 0.004 s
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From the top level menu:

» Select Project
1.

> File Manager...
Check the check box for

Exercise 1

‘Raw_offset gathers 25x25m” under Seismic Data

> Select

Inline Crossline

Load Multiple Vollimes

Fold Secondary Fold

Trace

Click the “Load selected volume(s)” icon

- 0Xx

Content

26650 .. 27950 [2]

16000 .. 16700 [2]

292.00 .. 6067.00 m [75.00] =

0.000 .. 3.500 s [0.004]

Seismic Amplitu;

‘
[] Data is padded
Modify Selection

[] patais omitted  [] Selection/Content is empty
Set selection to: ‘e Original size (Reset)

Same as file:

Same as volume:

Custom...

Intersection of all files

Union of all files
« Apply

[ Axis is ignored

#

£

Memory Information

Size of Selection: 58.163 GB
Available Global Memory: 737.200 GB

R Cancel |
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Display gathers and open a Map View

GatherView=4'[# 1 = RaW_ offset gathers 25x25m]

Data Pool: Odin_QAl@dell34

BiEs/ & " ’Wh@lbﬁOO@ﬁﬂﬂ

16346 | 16344 [ 16342

~ Cursor Read Out 16358 | 16356 | 16354 | 16352 16348
World X | om| | I

2 WorldY | om| 0.07] -
l Inline | o] % \
Crossline \ 0 \ 'éé
offset | om| o5
Time | os] % % %
5 2 5 B
Inline 27300 3| [26650 .. 27950 ]
Decimation | 1|3] [1..9999]

|# 1 - Raw_offset gathers 25x25m

.|= - MapView-1 [Top_Rogaland Petrel Autotrack] =@ X
I =ihGss NE T = ihs
g Ll L4 w08 rio0A¥E =
ai® ~ Cursor Read Out 448000 450000 452000 454000 456000 458000 460000
Global Memory: ([l 7% | Local Memory: 185.326 GB .=' World X om| | v / ¢
World Y om w _‘r £
Inline | 6.664e+06- .
> y Crossline \ 1
- » Masks Fold
1. LMB click and drag raw doraron e
] ~ Volume
@/# 1 - Raw_offset_gathers_25x25m fi=cE
. . » l«Horizon Volumes 1
athers into a Gather View == DRI .00
[Ra| |1 || |@ ‘o0e

Min: 2304 [2[s d

2. Double click on the Map © e =
View icon .

3. Inthe Map View, open the
Horizon drop-down menu D -

Histogram

and toggle on the Top

° Time Horizon histogram

6.656e+06-

|| ==l Top_Rogaland_Petrel_Autotrack

Rogaland event st st g B
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Synchronise views

GatherView-4 [# 1 - Raw_offset gathers 25x25m]

~ Cursor Read Out 16358 | 16356\ 16354 | 16352 % 16348 | 16346 | 16344 | 16342
World X | om|
W::IdY I o:\ vo“| \ ] J i
Inline | o 5 b b b
. “ 8 Crossline | o] \
1. Click the “synchronise o =5 os
H » H Inline 27300 3| [26650 .. 27950 ]
viewers” icon in the Gather . ™"

View
LMB click in the Map View
and toggle on “Enable”, then
LMB click anywhere on the

map ot

2.

» Masks
~ Volume
@ # 1 - Raw_offset_gathers_25x25m
» |« Horizon
» lw/Well

-10000 10000

0
_ # 1 - Raw_offset_gathers_25x25m &= e Seismic Amplitude

© Sharp Reflections 2023 The Gathering 2023

3. Click the “synchronise

4.

viewers
View

Exercise 1

" icon in the Map

LMB click in the Gather View

and tog

gle on “Enable”, then

LMB click anywhere on the

gathers

MapView-1 [Top_Rogaland Petrel Autotrack]

World Y
Inline
Crossline
Fold

Secondary Fold [

Trace

Volumes

&3 # 2 - Top_Rogaland_Petrel Autotrack

fal ] |- | @

Min:

Max:

~ e/ Horizons

2304 [2[s

2427 2s

@ == Top_Frigg_Smoothed_Pcube+
| == Top_Rogaland_Petrel_Autotrack

> e Well

443’]000 | 450000 456[6073 ) 4573900 iléijﬁ’b'til

452‘000 i 454|000 i

6.664e+06—

6.662e+06—

Primary axis mode
CDP Positions
Read Out Positio
Horizon deck

6.658e+06—

6.656e+06-

6.654e+06-

qL——1km

Histogram
# 2 histogram

© Time Horizon histogram
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arowpnE

Interrogate the raw gather volume

448]000 . 450[000 L 452P00 , 454[000 , 456IODO L 4SSPOO 4160000I

=

W Jr 3 \
6.664e+06—
6.662e+06-
6.66e+06—
6.658¢+06]

6.656e+06-|

6.654e+06-]

qL——1km
Histogram
# 2 histogram

e Time Horizon histogram

._I:J- 2 4

plhl¢ s B dbd P 00D B\ =

~ Cursor Read Out
World X

5 Display Crossline | 16428 | 16426 | 16424 | 16422 16418 | 4
| T Display Inline j J J J J
b p 4 4 5 4 ) 4 2
i | 4 |
N N
g A X y i

World Y A% Display Arbitrary Path
Inline 27560 |
Crossline 16422

Offset 1192m| g5
Time 0.158527 s

# 1:Seismic -248.227

Inline 27560 2| [26650 .. 279501 | ]
Decimation | 1|2 [1..9999]

H

# 1 - Raw_offset gathers 25x25m

1.5 N\ = A

» |« Horizon
» e Well

@ # 1 - Raw_offset_gathers_25x25m | 4= e Seismic Amplitude

Double click at any location on the map to view gathers at that location

Switch between IL and XL views

Use the mouse wheel with the cursor on the horizontal axis to zoom in and out horizontally

Use the mouse wheel with the cursor on the vertical axis to zoom in and out vertically
Use the mouse wheel with the cursor in the gather window to zoom all
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What's in the data” ="

f:i GatherView-1'[# 1 - RaW_offset gathers 25x25m]
g7/ ehedabdd Pl 00 B/ =

ey L e 1. Turn on the Top Rogaland horizon in the gather view

World X 453142 m| 5000 5000 5000 |
s — Ll
World Y 6.66103e+06 m | =

inline 27566 | 14
Crossline 16442 |

— What can you see in the data that might affect seismic

# 1:Seismic i 2504.6 | . o o

T m— amplitudes in he interval above and below our reference
EETTEETrrE— ) horizon?

» Masks

~ Volume 28
\%/# 1 - Raw_offset_gathers_25x25m i
~ |« Horizon
T N

n_:rmn_ L] ubed
1 [x/—Top_Rogaland_Petrel Autotrack |

------

-10000 0 10000
# 1 - Raw_offset_gathers_25x25m | 4= Seismic Amplitude
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Create a raw near offset stack =

e From the top level menu:

F NMO..

Traeenr) £F Stack | Mute...

¥ Partial Stacking...
¥ COCA Sectorization ...
1} Butterworth Filter...
i¥ Frequency Filter...

2 o s . « Select Processing

1} spatial Smoothing Filter...

% ¥ Median Filter...

= iy 1. > Stack | Mute
Cl

C

i} 2D ECED Filter...

- el 2. Ctrl LMB click in the offset gather

tude || £ Gaining...

g [, where you would like to apply the mute

- Volumes & Radon...

& s v, _ (everything to the right is muted out)
& e v 21 1 0 P e 30| MB click and drag the mute point
e e we B | across the gather and see the impact
on the resulting stack; choose your
final near offset mute

4. > Calculate

F velocity Editor...
{} Phase Rotation... output

1 Spectral Balance... V| stacked Data Muted Gathers
, Overlays ¥ Bandwidth Extension...
4§} Trace by Trace Attribute Matching..

£ & | os B

Stack Coherence (QC)

-+ Masks

Stack | Mute Mode

i} Trace by Trace Filter Matching...
1¥ Global Filter Matching...
-offset_gath! s NLIID Time-Shift Estimate... 2
3g_Smoothe| {¥ Fast Fourier Transformation...

1 Inverse Fast Fourier Transformation...
F Resample Z Axis...

¥ Bulk Time Shift...

1} Seismic Time Depth Conversion...

¥ Well Calibrated Velecity Model...

¥ seismic RMS Amplitude Calculation..
1¥ velocity Conversion ...

How does the stack change as you move
the mute to the right (higher offsets)?

Parameters | Preview Display mode - M Why d O yo u th I n k th at IS?

97 | #cancel [ & Calculate]
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Create an amplitude map from the raw stack

Data Pool: Odin QAI@AElBT,

_gathers_25x25m | Stack | Mute(# 1.
# Rename... I

" Edit algorithm parameter...
¥ Edit copy...

¥% Rerun algorithm...

Select with sibling volumes

Insert separator before this volume >
@ Create Subvolume... iﬁ;
48 Save Volume to Project... 5
@ Show Volume Information... N
(@ Show Volume History... !s\:}
(1) show Extended Volume Statistics...
<« Show in Map...
« Show in Top PreStack Viewer... | =
«~ Show in Top Stack Viewer...
Z Show in Stack Viewer...

Global Memory: [

&[5 Show in Data Comparator...
& Show in 3D Viewer...

«* Create workflow from this volume...

|4
55

s
Memory: 185.026 GB o

1.

N

3.

4.

¥ Delete Volume

RMB click on the new stack
volume in the Data Pool and click
“‘Rename”

Type in “Raw_NO_Stack”

From the top level menu, select
Interpretation-Processing

> Create Maps...

11 © Sharp Reflections 2023
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3

Interpretation-Processing JEIITVI=FYe]q <[]

4§} offset to Angle...
£} Angle to Offset...

} pcube Background Model Builder...

} PCube Inversion...
1 PCube+...
@ PCube+ Inspector

4§} crava Background Model Builder...

A} Crava Inversion...
Volumetrics Calculator...

§5 well Tie...

{5 Multi Well Tie QC...

{} Generate Synthetic Gather...
£} 3D Parametric Synthetic Model...
} shuey-Modeled Gathers...
£ chi Angle Volume...
 Trace Integration...

# AvO scaling...

£} Multi well Scalar..

£ sculpt...

# Volume Flattening...

# Volume Unflattening...

{# Create Interval Maps...

A} Map Cross Correlation...
4, Cross Plot...

% Horizon Tool ...

4 Horizon Repair Tool ...
% Horizon Deck Tool ...
% Manual Horizon Picker...
4» Wavelet Tool...

Create Attribute Maps

Input Selection

Silli=s

Input Volume # 9 - Raw_NO_Stack &) |2
(e Use horizon Top_Rogaland_Petrel_Autetrack ‘ 7
Use fixed Time
Use horizon deck A A

Map settings

Create map at: | At horizon position

Time shift (t,)

Instantaneous | Windowed
_-vl Amplitude |

Envelope

Hilbert Transform
Inst. Phase

Inst. Frequency

7 | ®cancel

& Skip

0.000 3]s

|| Calculate 6

Exercise 1

ooooooo
00000

5. Ensure that Input Volume is

“‘Raw_NO_Stack”, horizon is Top
Rogaland and the “Amplitude”
box is ticked

> Calculate

RMB click on the new map
object and rename
‘Ampl_Raw_NO_Stack”

Data Pool: Odin QAI@dell37/ =X

#9 # 11
Raw_offset_gathe | Raw_NO_Stack | {Ampl_Raw_NO_S|
t 764 MB

Global Memory: [ 8%

o
| Local Memory: 185.026 GB ‘=

SHARP REFLECTIONS




Exercise 1

ooooooo

V | t I l I I t t k I . t d -
# Data Pool: Odin_QAI@dell37 =1 e % R 0_sta 0 .
= \ v & r-1 AT
o SED/ LH IS0 8L EIOATE What observations can you make from
Raw_offset_ gathe | Raw_NO_Stack | | Ampl.Raw_NO.5 " |~ Cursor Read out ] B 448000 450000 szouo 454000 456000 458000 460000 .
o rees it = the amplitude map?
World Y | 6.65749e+06 m| .
inline 27300 Sy
2| Crossline | 16344 | i
Offset. [ 487.871 m|
Time [ os] 6.662e+06~ o
B Event po | anty?
Volumes
)| # 3 - Top_Rogaland_Petrel_Autotrack 6.66e+06]
| g #31 Ampl Raw NO Stack |
> R/ [
. . .
Amplitude variations?
5
6.656e+06- 4
i
Global M (=] 8% Local M 185.026 GB 2% | iz Horizons
lobal lemory: ocal lemory: X Ll
Y > £ o® || == Top_Frigg_Smoothed_Pcube+ I
%) = Top_Rogaland_Petrel_Autotrack Gibeaetiby
ort SEGY > (el Well % 7
JL——1km /
Histogram
# 11 histogram
® Seismic Amplitude histogram
Set as Volume specific histogram

1. LMB drag and drop the amplitude map from the Data Pool
into the Map View
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Exercise 2

Exercise 2

 Convert raw migrated offset gathers to angle gathers & create raw angle stacks
* Qverlay angle maps on raw offset gathers — what angle ranges are impacted by artefacts in the data?

« Do amplitudes vary significantly with angle?
« Compare angle stacks in section view

* Load final migrated offset gathers & convert from offset to angle
« Compare raw and final angle gathers

SHARP REFLECTIONS
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Offset-to-angle conversion

el el ORIl Utilities Workflow

{} Angle to Offset.
# PCube Background Model Builder...
{} PCube Inversion...

£} PCube+...

@ PCube+ Inspector

¥ Crava Background Model Builder...
{} Crava Inversion...

Volumetrics Calculator...

is well Tie...

§& Multi well Tie QC..

{} Generate Synthetic Gather...

{# 3D Parametric Synthetic Model...
} shuey-Modeled Gathers...

£} Chi Angle Volume...

1 Trace Integration...

 AVO scaling...

£ multi well Scalar..
& Sculpt...

# Vvolume Flattening...
£ Volume Unflattening...
i Create Maps...

# Create Interval Maps...

{} Map Cross Correlation...
4 Cross Plot...

% Horizon Tool ...

4 Horizon Repair Tool ...
& Horizon Deck Tool ...
% Manual Horizon Picker...
4» wavelet Tool...

\

Input Volume

Interval Velocity

Offset Gather
2000 4000

E e

Method: Plane layer ray tracing

. " 0.5
Inline 27300 3| 2|
Crossline 16350 |7 i
Please select a matching interval velocity 1.0
with sampling starting at zero.
~ il

2.0

Minimum Angle, Qmin .. 79.00]

Maximum Angle, tumax 60.00 [ *[1.00 .. 80.00]

Angle Step, Qgera .. 78.00]

Parameters | Preview = Display mode

3.0

a5

Read Out:

LA

-10000 © 10000

Cancel || 1} s

Exercise 2

Select “PL5735 smoothed interval velocities”
> Select

Select “Angle Gathers” and “Angle Map” outputs
Select 0-60° angle range, 1° step

> Calculate

From the top level menu

Select Interpretation-Processing
1. > Offset to Angle...
2. Click the select Interval Velocity icon
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Seismic Volume | # 1 - Rawgffsetﬁgathers}sxzf!; F 4

Velocity File Info | seismic Volume Info | History ~ »

Domain
Inline: Infines

Crossline: Crosslines 15504
Trace: Time 0.000
Content:  Velocity 617.8
Property Value
Velocity type Interval
Typical Amplitude 0.0 m/s
Average value 0.0 mfs

Standard Deviation of values 0.0 mfs

4

Output Volume Properties

Domain Minimum
Inline: Inlines 26650
Crossline;  Crosslines 16000
Trace: Time 0.000
Content:  Velocity 617.8
Property Value

Velocity type  Interval

28792 Offset gle;
16904 Offset Gather Angle Gather  Angle Muted Ofi Angles Map Gather
4000 s Input Volume # 1- Raw_offset_gathers_z g | #| 2000 4000 0 50 2000 4000 2000 4000
S4470 mjs Interval Velocity # 80 - PL5735_smoothed_i| | || | g0 L o e e
_EMPTY_ =
Method: Plane layer ray tracing
Inline 27300 3| |,
Crossline 16350 7|
3 Outputs
v Angle Gathers
Maximum  Unit In Angle Muted Offset Gathers
27950 v! Angle Map 5
16700 X
3500 s ¢ Partial Angle Stacks
5447.0 mjs Parameters
Minimum Angle, Qmin 0.00 % : [0.00 .. 79.00]
Maximum Angle, Qmax 60.00 3 T[1.00 .. 80.00]
Angle Step, Quea 1.00 2| °]f0.10 .. 78.00]
Tapering 02 [0.7]
>
7 | ®cancel I iSeIect 6

Maximum  Unit

-10000 0 10000 -10000 O 10000 -10000 O 10000

97 | ®cancel || 4 7

Parameters | Preview Display mode
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Exercise 2

X

480}
PL573S_smoothe
£ 764 B |

GatherView=2 [# 1= Raw_offset gathers 25x25mi

v!.;u;;t;R'efd(’)ut L %@‘Dlis?(zs?34ﬁ;6: 1@ 16348 16346 | 16344 What data issues Can be Seen
* oy e o r e o ree below 357

6.65756e+06 m | ) Q

Inline 27300 | ) R ] 1
A WA R A
RS ,\\ =1

Crossline 16356 | 157 |

L4 @)
£ 3

Offset 2996.51 m
Time 140158 5|
S # Liseismi ~ semse BeIOW 45 o9
#89:incidence Angle | 45.6441°| "
Inline i 27300 2| [26650 .. 27950 ]
Decimation | 1|2 [1..9999] 20"
I

# 1 - Raw_offset_gathers_25x25m

Beyond 45°?

wv # ¥,
" Wv A% A

Global Memory: (R 22% | Local Memory: 185.026 GB

&3 # 89 - Angle_map

1. RMB click and rename the 2 new
volumes in the Data Pool to

~ l«Horizon

w==Top_Frigg_Smoothed_Pcube+

“‘Raw_angle_gathers™ and “Angle .

Map” et - =
2. LMB click and drag the Angle Map

into the Overlays box in the

Gather View

15 © Sharp Reflections 2023 The Gathering 2023
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Exercise 2

From the top level menu:

Create raw angle stacks

£ nMo..

Em(essing b Stack | Mute...
¥ Partial Stacking...

¥ COCA Sectorization ...
1} Butterworth Filter...

i} Azimuthal Velocity Conversion ...

4¥ Trace Interpolation ..

» Select Processing
1. > Partial Stacking
2. Select Raw_angle gathers as input and
“Pseudo PreStack™ as output
. Click the Green + icon

Partiallstacking

| 4F Frequency Filter...

¥ user Defined Filter...

1} spatial Smoothing Filter...
¥ Median Filter...

'nput Volume: # 88 - Raw_angle_gathers

E B 2

Ioutput Volume(s): ® Pseudo PreStack I Separate Stacks

3I:E

= PreStackPro X,
®

Stack Direction(s): @ Angle

Stacking Ranges

{F 2D ECED Filter... output Bin [°]

{F 3D ECED Filter...
¥ EPS 3D Filter...

From [°] To[°]

tude

27538 |2
1z

- Volumes

athers 25xJ

» Overlay:

-+ Masks

_offset_gathi

39_Smoothe

. —h
C_
C
E {} Destriping...
Cl
C
C|

£ Gaining...

¥ Q-Model...

£ Qcomp...

¥ Radon...

¥ Inverse Radon...

4F Tau-P Deconvolution...

¥ Dip Filter ...

£} Adaptive Subtraction..

£ RMO...

¥ RMO (Timeshifts)...

¥ Align 2...

F velocity Editor...

{} Phase Rotation...

1} Spectral Balance...

¥ Bandwidth Extension...

4§} Trace by Trace Attribute Matching..
i} Trace by Trace Filter Matching...

1¥ Global Filter Matching...

¥ NUI1D Time-Shift Estimate...

i} Fast Fourier Transformation...

1 Inverse Fast Fourier Transformation...
F Resample Z Axis...

¥ Bulk Time Shift...

1} Seismic Time Depth Conversion...
¥ Well Calibrated Velecity Model...

¥ seismic RMS Amplitude Calculation..
1¥ velocity Conversion ...

Select Stacking Range:
Add one sub-stack

® Add N sub-stacks
From Angle:

To Angle:

5.00 2| °|0.00 .. 90.0
45.00 2] *][0.00 .. 90.0

i(}an:e\ é;alculate

Nb of sub-stacks: [1.61]

Partial Stacking

Input Volume: | # 88 - Raw_angle_gathers

Stack Direction(s): @ Angle
Output Volume(s): e Pseudo PreStack
Stacking Ranges
Output Bin [°]
10.00 5.00

From [°]

20.00 15.00
30.00 25.00

40.00 35.00

To [°]
15.00 |

25.00
35.00

45.00

&)=

~ Separate Stacks

+

o

e |

16
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6

Data Pool: Odin QAI@dell37:

Toggle on “Add N sub-stacks” and add 4
sub-stacks from 5-45°

Click “OK”"

Click “Calculate”

Raw_offset_gath¢ | Raw_NO_Stack
&eo

#90

Raw_angle_stacl

ot 3054 MB

Angle_map

Global Memory: (RN

480}
PL573S_smoothe
£ TEE B

'Ampl_Raw_NO_Si

22% Local Memory: 185.026 GB

3

Raw_angle_gathe

T4

7. RMB and rename new
volume
“Raw_angle_ stacks”

A

v B

R
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Exercise 2

S[a[a[[a]a]=]
V u [s[=[=]a]=} M
I e W aW a g e S t a C S :
Data Pool: Odin QAI@dE]BT! =% g StackView=3/[7 90 = Raw_angle_stacks] =
~, Calls =z b | = A >
0 qm B g | B/ 2hebuddb L 00DBNTH 1. LMB drag & drop
‘Raw_offset_gathe | Raw_NO_Stack PL5735_smoothe | Raw_angle_gathe i\ - ~ Cursor Read Out | 16650 16600 16550 16500 16450 16400 16350 16300 16250 16200 16150 16100 16050
B e S p— ‘ “Raw_angle_stacks” into a
@0 r xS0 ‘ World Y om g
Inline [
Angle_map o - = —
 socr [ COEA LR ! ; Crossline ]

new Stack View

lw*! :::I: 27322;:I,V‘E:s::.:':;z:i]] i j —,,, ,VV*V jf = = 1» 7 - 77 == ’ 2. ScrO” through the angle

= . stacks

k?:.‘

5 Do amplitudes vary from angle

L)
Global Memory: (RN 22% | Local Memory: 185.026 GB -=

stack to angle stack?

Y

» Masks

~ Volume
& # 90 - Raw_angle_stacks
« # 80 - PL573S_smoothed_interval_velociti¢

‘ _ —— What other differences can
T — " you observe?

-10000 -5000 0 5000 10000
# 90 - Raw_angle_stacks = e Seismic Amplitude
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Exercise 2

Load final offset gathers

From the top level menu:

Attnbutes Processing Interpretatic
. BRe Bt/ 800

@ Create Project Default Objects... iles: Odin_QAI “ | Properties | User Comments  History v Visible
4D Restore Project Data... Seismic Data [2]

S Raw offset gathers 25x25m Properties of File .
Edit Project Settings ... "3
®E ) i 9 2 Final_offset_gathers_25x25m | @ "Final_offset_gathers_25x25m" [ ] S e I e Ct P ro e Ct
® Close Project... » | @ Velocities [1]
P = Domain Minimum  Maximum  Unit Interval  Elements
~ - : Infine: Iinfines 26650 27950 2 651 .
<l Save Session... Crossline:  Crosslines 16000 16700 2 351 I > I e a n a e r
[~ Restore Session. Fold: Offsets 202.00 6067.00 m  75.00m 78 . e
1 e Manage > Trace: Time 0.000 3500 s 0.004s 876
§ Content:  Seismic Amplitude ~ -70207.516  86076.063
eck the check box for
Import Data > » (| @ Probabilities [1] Property Value, *
. NMO 2nd Order NMO Correction applied

§ Import wells v

(13 H bh
e e Final_offset_gathers 25x25m

Export Data » Standard Deviation of values ~ 2275.890

o 3. Click the “Load selected volume(s)” icon
(i 4. > Select

Dependencies
Belongs to Survey:  Default

ad Multiple

o x

Inline Crossline Fold Secondary Fold Trace Size Content
26650 .. 27950 [2] 16000 .. 16700 [2] 292.00 .. 6067.00 m [75.00] & 0.000 .. 3.500 s [0.004]

7 [ /edt || @ ®

< v

[] Datais padded  [] Datais omitted  [] Selection/Contentis empty  [] Axis is ignored

Modify Selection Memory Information
Set selection to: e Original size (Reset) Size of Selection: 58.163 GB
Same'as file: B Available Global Memory: 570.170 GB
Same as volume: & #
Custom...

Intersection of all files
Union of all files
« Apply

’ Cancel
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Offset-to-angle conversion

From the top level menu

0 Offset to Angle...

4} Angle to Offset...

{} PCube Inversion...
£} PCube+...
@ PCube+ Inspector

{} Crava Inversion...
Volumetrics Calculator...
is well Tie...

§& Multi well Tie QC..

{} Generate Synthetic Gather...
{# 3D Parametric Synthetic Model...
} shuey-Modeled Gathers...
£} Chi Angle Volume...

1 Trace Integration...
 AVO scaling...

£ multi well Scalar..

& Sculpt...

# Vvolume Flattening...

£ Volume Unflattening...

i Create Maps...

# Create Interval Maps...
{} Map Cross Correlation...
4 Cross Plot...

% Horizon Tool ...

4 Horizon Repair Tool ...

& Horizon Deck Tool ...

% Manual Horizon Picker...
4» wavelet Tool...

Il el bh RISl Utilities Workflow

# PCube Background Model Builder...

¥ Crava Background Model Builder...

Input Volume 2

Interval Velocity
_EMPTY_

Method: Plane layer ray tracing

Inline

Crossline

# 91 - Final_offset_gathers| | #

# 80 - PL5735_smoothed_i| | | £

Offset to Angle

offset Gather

Angle Gather

2000 40006000 O
| PRI I SO AU B |

1
o

Angle Muted Offset Angles Map Gather

50 2000
L T

4000 6000
RALTER

2000 4000 6000
g e i

& [&

27300 2 #
16350 |2 r

v/ Angle Gathers
Angle Muted Offset Gathers
Angle Map
Partial Angle Stacks

3

Minimum Angle, e | 0.00
Maximum Angle, Omax
Angle Step, Qyeita

Tapering

60.00 |2 °[1.00 .. 80.00]
1.00 2/ *][0.10 .. 78.00]
[ o .7

©[0.00 .. 79.00]

Parameters | Preview = Display mode

© Sharp Reflections 2023

Read Out:

-5000

The Gathering 2023

Read Out:

-5000

o

5000 -5000

Read Out:

o 5000 O 20 40

7 |®cancel | 2

[caicuate]

Select Interpretation-Processing

1.
2.

> Offset to Angle...
Set the input volume to
“Final_offset _gathers 25x25m”

Exercise 2

Output Angle Gathers from 0-60°

> Calculate

RMB & rename the new volume in the
Data Pool “Final_angle gathers”

Data Pool: Odin QAI@dell3T,

{480}
PL573S_smoothe

‘Raw_angle_gathe

Angle_map

. SeeB

Global Memory: (NN 36%

SHARP REFLECTIONS




Compare raw and final angle gathers

Data Pool: Odin QAI@dE]BT!

- X
~,

3054 MB t

Global Memory: (NN 36%

# 99

#9 480}
Raw_offset_gath¢ | Raw_NO_Stack | Ampl Raw_NO_S{ | PL573S_smoothe
t 764 MB. € TCE B
: {2189

45 GB

# 88

'Raw_angle_gath
t

45 GB

_angle_stacks | Final_offset gath: | Final_angle_gath|

Py
Local Memory: 185.026 GB

1. LMB drag & drop the “Raw_angle gathers”
into a new Gather View
2. LMB drag and drop the “Final_angle gathers”

into the same Gather View

20 © Sharp Reflections 2023
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ahebandd P 00DB) %

GatherView-4'[3# 88 - Raw_angle gathers]

~ Cursor Read Out

World X | ﬁ‘
World Y om
Inline | o]
Crossline [
Angle 0i2
Time 0s|
Inline ‘7 27300 ; [26650 .. 27950 |
Decimation | 12| 1. 9999]

# 88 - Raw_angle_gathers

I

L y

» Masks

~ Volume
w!/# 99 - Final_angle_gathers
|+/# 88 - Raw_angle_gathers
» = Horizon
» e Well

[ 16360 [ 16358 [ 16356 | 16354 [ 16352 %15345 [ 16346 [ 16344 [ 16342 [ 16340 |

P

o

il

=

»

u

X

-10000 -5000 0 5000 10000
# 88 - Raw_angle_gathers ¢ e Seismic Amplitude

Exercise 2

ooooooo
00000 @‘m

—0
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Exercise 2

Compare raw and final angle gathers

=

Z

GatherView=4 (3£ 98- Final angle gathers]

GatherView-4:(# 88/- Raw_angle gathers]

T T R = == TS = =
Liz/ehedabddp 00D BNE LRz eedabdd ) 00D BN
~ Cursor Read Out 16358 | 16356 | 16354 | 16352 16348 | 16346 | 16344 [16342 ~ Cursor Read Out 16358 | 16356 | 16354 | 16352 16348 | 16346 | 16344 [16342 -
== b | sean b wp wb b wb wb vk ]  \What differences do you
s 1 1 ] . 1 ,
World Y 6.65757e+06 m ‘ A N = v SR SN n W =N World Y 6.65754e+06 m = X - N 8- L, 3B =
Inline [ 27300 | \ N ' SS S YNE Inline 27300 | == = >
| o358 10 0% N SF N &) : observe petween the raw
Angle [ 41.8613 °| s\ T it \ Angle 2.27342°
= W s A ; = = J . ; .
S R — - and final gathers?
# 99:Seismic Amplitude | -1446.36 | g - = W =5 | O R # 88:Seismic Amplitude 0 184 == .
— e ¥ O e W iy = 2 - - ~
Inline 27300 |3| [26650 .. 27950 ] - . % ““',\“ ;" PSS Inline 27300 |3/ [26650 .. 27950 ] —— ——~ = - -  — - .
£ - S . | - .
v % \ -~ .l ) T
Decimation 1/2] [1..9999] - B i [+ Decimation 1[2 [1..9999] ~ —— — — — W—  W—  W—
vy Sy = iy S B P S— — S S— -
(R w:“-&"‘“ :\“ 7] ‘—:;‘:—:—;—‘:;—:—-‘:i‘ = =
: # 65 _Raw angle gathers == — ] ——4—F— m
# 99 - Final_angle_gathers Pt | m E,M A % # 99 - Final angle gathers o ? .'5'.'- ~ = P=m— s I C are I e O e O re
AR el P AT v %s- [ | S— — W— P (o ' - ‘
2.2 0 &.‘?, oy = - . P
=~ B rellapie 1or amplituae
M
‘ 42N ' .
p 2 .
‘ analysis?
/ e =
F e " “ p D Py B 5|
V‘.'!‘ gy oy -T n—— ﬂ - o - - ™ g = oW Ty
2.6 e, 2v5‘r.} - E e R e
, - > y D} ] il el el el e D
b = == = 3 s ST o e
) Masks R » Masks ) 3 N ) B ™ A R
SN L A J ), . ~ .
~ Volume 28 T ~ Volume 28
< # 99 - Final_angle_gathers & # 99 - Final_angle_gathers
«# 88 - Raw_angle_gathers « # 88 - Raw_angle_gathers -~ : [
~ = Horizon 1 § Ay x ~ l«/Horizon -
e/ Top_Frigg_Smoothed_Pcube+ 4 » @|==Top_Frigg_Smoothed_Pcube+ I3
|%/==Top_Rogaland_Petrel_Autotrack & |==Top_Rogaland_Petrel_Autotrack
» lwWell » = Well
-10000 -5000 0 5000 10000 -10000 -5000 0 5000 10000
| # 88 - Raw_angle_gathers e Seismic Amplitude _ # 99 - Final_angle_gathers /'@ Seismic Amplitude
4] I h litud @4 I_angl hers | ¢ litud

Zoom into the interval of interest (turn on the Top Rogaland horizon if you need to orient yourself)

Toggle between the Raw and Final gathers in the Volumes list view
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Exercise 2

2 =

LR// eheduddbp 00D B\ =] LQ// ehedumddpr 00D B \[=

~ Cursor Read Out 16358 | 16356 | 16354 | 16352 % 16348 | 16346 16344 [16342 ~ Cursor Read Out ) 16358 | 16356 | 16354 | 16352 % 16348 | 16346 | 16344 (16342 = - =
—= G0 00 I ) e ) VOO O O O 0 O The Difference in viewer

World X 452801 m| l soJo 50 50 10 50)
1 1 1 L 1 1 —————————————— it
World Y 6.65757e+06 m \

5
o\ X )\i 3

»

World Y

6.65754e+06 m |

[
Inline [ 27300 | Inline 27300 | = Y IO R = = =
- BN \ ) S8
Crossline [ 16352 | 1.6 Crossline 16358 | 1.6 - =0 S bt I\ IS p ay Ig Ig tS t e
PR & A S s A S s A e
Angle [ 227342 °| Angle 15.4437 ° s § SNy S Al S 1
— —_— s =Y S Y Y v .
b oz [ 2o MERE AR EREE: changes from raw to final
# 88:Seismic Amplitude | 0 1.8 - ~ # 100:Seismic Amplitude | -546.874 | ; g | il = '\: by S W kY
— 2 3 ———— Bl W o R \
Inline 27300 3| [26650 .. 27950 ] e —— - - - e - — Inline 27300 3| [26650 .. 27950 ] t‘ \f . “ R ‘} & r
1 = - — AN e S S
T o == =R = o AT St e S o RO AR R gathers
—‘“—W—-&—?’”—:n‘:._' 3 "-‘C"‘\\\"' iaad .‘,(J |
20 i bl tlld ) DR St miereN i 2.0 PNl AR - w24 A
# 88 - Raw_angle_gathers &*—_——=g= # 88 - Raw angle gathe e -
S EE I W, e, PS— - 3 EEr— i %
- - !
el o
? S What features can you
, g .
2 . . . .
’ e |dent|fy in the difference
e ] % R
o - " — Y | - Diff in
¥ - W sk P:" | 2 I# 88 - Raw_angle_gathers .
Y =Y =Y =N = g e Tw TTOF  Lock " Step Angle ?
— » - R N S, SR N N e H
7 5 i el il el el ™ e D e Current difference:
i) 0 -« = K - =~ ey :
: b & ~
» Masks ) 3 N o) \’ "i A - 1 «Volumes: 99 - 88
) A . X - .
~ Volume 28 o= 3 ~ Volume
4 |# 99 - Final_angle_gathers b y 1 \ & # 99 - Final_angle_gathers
«# 88 - Raw_angle_gathers 3 - ~ [ ' » « # 88 - Raw_angle_gathers
~ |« Horizon - ~ le/Horizon
|@/==Top_Frigg_Smoothed_Pcube+ 4 w/==Top_Frigg_Smoothed_Pcube+
|%/==Top_Rogaland_Petrel_Autotrack & |==Top_Rogaland_Petrel_Autotrack
» [wWell » = Well
-10000 -5000 o 5000 10000 -10000 -5000 ) 5000 10000

* # 100 - Difference #99 - #88 &= o Seismic Amplitude

El # 99 - Final_angle_gathers & e Seismic Amplitude

Click on the “Difference in viewer” icon
Select “Raw_angle gathers” as the Baseline volume
3. Select “Final_angle gathers” as the reference volume

D=

SHARP REFLECTIONS
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Exercise 3

Exercise 3

« Examine and describe the amplitude variation with angle (AVA) behaviour of a
top reservoir event

* Drag Final angle gathers into the data comparator
* Post the Top Frigg event

* Use the cursor to evaluate the AVA response

* How would you describe the behaviour?




Exercise 3

Amplitude vs Angle

Data Pool: Odin QAI@dEel37:

~,
(480} #88 vz
Raw_offset_gathe | Raw_NO_Stack | Ampl_Raw_NO_S| | PL573S_smoothe | w_angle_gathers ' —
& 764 1B 1§ 45 GB 1 :
' Ve = M
o) #90 99 <> K ) o [ B T ]
Angle map | law_angle_stacks | Final_offset gath [ Final_angle_gat T | 20 - Finelangle_gathers (1)
sslcell 3054 MB t 45 GB

(AVA) analysis

X

Data Comparator Window 1

I\

50000
( G o
2
“:‘ -50000
gss T T T T T T
S o 1o 20 30 40 50 60
B 0.0 I 1 1 1 1
p— =—— =
A o] AE—— X b 5 B
— P i # 99 - Final_angle_gathers (1)
g L] =— LW P,
S Pgs ’
o o, = 4
Global Memory: ([ 36% Local Memory: 185.026 GB  _& = > 2l Synchrorize Hittoatams by Gomain 50000 ]
2 20 e v! synchronize Plot Axes by Domain o 4
5 %‘ v Synchronize Wiggle Settings
’ ——e— Display horizons -50000
— = ~Forizons NS N T T
A Calculate Attribute... | o e e || == Top_Frigg_Smoothed_Pcube
1 LM B C IC & ra > Info = o e Top Rogaland petrel Aulog 0 10 20 30 40 50 60
" CERE———— = ~ well h i ; ; i
i S @/ el 30_10-2 — p
11 . 3y = # 99 - Final_angle_gathers|& | # | Read Out: : )
I n a an g e g at e rS I n O a a a Reference volume: # 99 1.8+ — - -
Inline 27300 |2 # T —
A ' -5000 0 5000 19 - .
omparator view e S —
& # —?—
h I . II Data = Control = Display mode 204 = —_— s
2. Use mouse wheel to zoom vertica | ——
—— e
Oy, — -~
around 2.0s o] —
—— -
11 7 23] E— —
elec ontrol ta S Srd
q
Read Out:

B w

Turn on Top Frigg horizon
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Data | Controll Display mode

0

3
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Exercise 3

Amplitude vs Angle (AVA) analysis

Parameters for: Amplitude (3) X

Data Comparator Window 1 E=lEs

Extracted from: # 99 - Final_angle_gathers M P"
v at horizon Top_Frigg_Smoothed_Pcube-+ |,,i # 99 - Final_angle_gathers (1)
~ % # 99 - Final_angle_gathers (1) - -

~ |%| == Extraction (2)

Data Comparatorindow T

# 99 - Final_angle_gathers (1)

Tracking Method: At Horizon Position - = Amplitude (3) |
v Synchronize Histograms by Domain 50000 3 Horizon Shift 0.000 |2 E # 99 - Final_angle_gathers (1) L 4 > PRSP
V| Synchronize Plot Axes by Domain T " ook R
0 | f asiad
v| Synchronize Wiggle Settings - 9 4000 5 %
" N B 3 | - 2000 4
Display horizons 50000 113.000, -471.150 | Axis type » 03
v Horizons . T T T T T T “1¢ Add marker... f u L y I I u
{%| == Top_Frigg_Smoothed_Pcube T |
| = Top_Rogaland_Petrel_Autot! 0 126520 30 40 50 60 | 3 -1 0 10 20 30 40 50 60
- Well | TS sl | 1 Setup axis .. e L L.
= . . RS Rt
@ = 30_10-2 v| Amplitude Envelope v Show grid -
179 Hilbert Transform Inst. Phase v Show zero level 0 50 60 1.8+ — -
| [ show compass . Pl -
. . p 2 = B —
== Show sampling grid when zoomed in L s iensy EXPOIS Lo cwjlg... e —— — -
o = = 19 po— = L

Show grid i 1.8 -

204 = -

Set background color ‘window Halflength
— i = - —
207 ° ¥| Show crosshairs RMS in window Bandwidth 19 = - - —‘:
Show zero levels oo e o e ks e [==———- ]
Max. Sample in window Min. Sample in window _“ b
v : —

Show tooltips

217 " Mean in window Median in window 2.0
Pin Crosshair 1
a3 7| Show Readout Plot... Max. Abs. Sample in window Zero crossings in window o
.2 - SR 1 b g e,
Extract Attributes... Average Inst. Frequency in window 21 - — ) .— — -
- - P —  —— —
Extract Attributes on all panels... - -
23] I 1B Angle Oy —p— - 23] —T -
- ¥ Create Polygon Selection.. () Least Squares ® Robust 2.2 e~ - _— W ¥
] - - 3 :
= Create Mute... . Angle of Incidence L ~ )
-993.129 2 Term Fit P | of e | ~ p— o ! |Read Out:
e - o] FmCTe=g |
3 Term Fit N | | — -~
Range for Computation: e 0ut'< 2 Inline 27300 3 7 3 =
-5000 7 4 . N S -5000 0 5000
Crossline 16350 T (¥ T
e o Fd

Data | Control | Display mode

-5000 5000 7Datraq| Control = Display mode = | -

o
i

1. RMB click :)n the_gatr,]er & select Extrac_t Attributes... How would you describe the AVA
2. Toggle on “at horizon” and select Top Frigg event behaviour of the Top Frigg

3. RMB click on amplitude axis and select “Fit axis to data” et

4. Return to the “Data” tab and scroll through Inline and Crossline locations '
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Exercise 3

Save the Final _angle gathers

Data Pool- Odin OAI@delSY,

480}
. Raw_offset_gath¢ | & |_Raw_NO_¢ PL573S_smoothe

€ TCE B

Final_offset_gath: | Final_angle_gath
# Rename...

¥ Edit algorithm parameter...
¥ Edit copy... Name in Project: * Final_angle_gathers [#] Add to file group: 8 e
R Igorithm... g m
# Rerun algorithm, inline | Crossline | Angle = Time Enter comments Output Information | Volume Properties.
Select with sibling volumes
Insert separator before this volume v| Use all Inlines Nb. Inlines: 651 | 26650 -
Create Subvolume... v/ 26650 * From [ 26650 | || Nb. Crosslines: 351 116000 -
v/ 26652 —_—
1 Vv 26654 To [ 27950 |2| || Angle: 61 [0.00° -
Show Volume Information... v/ 26056
o - vl 26658 Decimation | 12| || Nb.Samples: 870
@ show Volume History... V| 26660 — [ — sampling Interval: ~ 0.004 5
(@ Show Extended Volume Statistics... Y| 26662 {mselectyy|  [iBesslect) sampling Range:  0.000 .. 3.500 5
. v
« Show in Map... 7 26666 Available Disk Space: 30.876 TB
« Show in Top PreStack Viewer... v 26668 Data Size: 45.486 GB
N . v/ 26670
«~ Show in Top Stack Viewer... v 26672
= . ;
Global Memory: (I 36% Z Show in Stack Viewer... i ggg;g
& Show in Data Comparator... v 26678
# Show in Gather Viewer... V| 26680 |Invert Selection|
. . v/ 26682
& Show in 3D Viewer... 7 26684
«# Create workflow from this volume... V| 26686 =
¥ Delete Volume
|Match to volume: | | # 99 - Final_angle_gathers

1. RMB click on “Final_angle gathers” and select
“Save Volume to Project...
2. > Save
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Exercise 4 =

* Expected response modelling based on well log data
* Create synthetic interface models for different overburden and target interval scenarios
- Compare the pre-stack response of each case in the data comparator
* Which angle range would best discriminate these responses (near, mid, far, ultra-far)?




Open the parametric model

Utilities Workflow

I .
ro l I I th e to I eve I I I l e n u . 2 i <[ Initial Gather [<[velocity [=]<[shear vel]>[<[Density [~[<[Acoustic
p EE@ iE = - )+ synthllV?.Lo8 (Velocty[livs Loa (shear Viffaho Log (DensitfiAl Log (Aco
G = 8 : syn 195,0011855.0
o Ll=|E 3 2553.00r3297 011 o/em' 241578202179
¥ PCube Background Model Builder... 1D Initial Model | 30 — — - =g z Angle: 0 Angle: 0 R
fon... estore Model a init.Vp Log (Velolffinit.vs Log (Shed init. Al Log (
{# PCube Inversion. TOP LAYER E Z|F|  xaxis: angle X-Axis: Angle I;;sgzgffzgf: 1195002 55.01 ‘"‘;f;‘;{:i’z“ﬁ Isn;az‘o;?ls
PCube+... . — - - -
% Poube Look in: # remote:/data_para... Seminar/Odin_QAl ~ | & © @ @ [ |[E ° . ZP . 4‘0 | 2 . ZP . 4‘0 K vl » <
€ PCube+ Inspector A  — — 31313 < x<ls x|[< ==
¥ Crava Background Model Builder... ® ‘ ! eCt nte rp retatl O n = Al 9 odin_QAl ﬁ'\:izfnal lele £ g £ £[I€ g E
. - te: . L
{} Crava Inversion.. - 100 TEMOtE # PL5735_smoothed_interval_velocities Lot
[&] volumetrics Calculator... A ickness 9 PointSets T r
well Tie. ro CeSS I n TARGET LAYER & PointsOfinterest F [
& # PolygonSelections
= Multi Well Tie QC.. . # Top_Frigg_Smoothed_Pcube+
& Generate Synthetic Gather... 1 > 3 D P aram etrl C | & starteptn 1000 = Top_Rogaland Petrel Auotack
TWT ™ VelocityFunction
1 §F 3D Parametric Synthetic Model.. I - Bl 1 Vulumgs
{F shuey-Modeled Gathers... o Thickness 100 # WellData
¥ Chi Angle Volume... Brine sand WellLogs 3 TOP LAYE
) ass ‘ y #= WellLogZones
#F Trace Integration... Hard shale over brine sand.m3d
{# AVO Scaling... . “ X ~ TARGET L
2. Click the blue “Load | '
. - . File name: |Hard_shale_over_brine_sand.m3d N
£ Sculpt... Thickness 100 Brine san
{F volume Flattening... ” . BOTTOM LAYER Files of type: Full Parametric Model (*.m3d) za i Cancel
-t Model up arrow in & e sorrom
¥ Create Maps... 3 vp: 3235 2| m/s Porosity EMPTY
1 Create Interval Maps... th e to | eft CO rn e r Of Vs: 1800 :[m/s | Pore Pressure EMPTY ! ! !
{} Map Cross Correlation... p Thickness 100.00 :E‘ Rho: 2.400 |2 g/cm”3 | Fluid 2 Sat EMPTY Fs
4, Cross Plot... . . 7% s
g e the modelling window |
& Horizon Repair Tool ... e O e g O ; ;
% Horizon Deck Tool ... §_: E
% Manual Horizon Picker... =
4 Wavelet Tool...
- D
Parametric gather values
No parameter set 0 Show difference track | © Set horizontal Plot ranges... |
= No parameter set 0
v Output Vp, Vs, Rho volumes v Output RMS volume Output volume size: 10 KB + 4* 904 Byte v| Show sample readouts M save logs to project...
Output Al, Vp/Vs volumes Output used axes volumes No parameter set 0
| ET— ~ | | ®cancel || £ skip ; ¥ Calculate

3. > Hard_shale over _brine_sand.m3d
4. > Open
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Exercise 4

00000

Model 1 — hard shale over brine sand =

What are the Al and
‘RO il el oy et e S Vp/Vs ratio contrasts at

I Log (Acaustic
) ) : Synth{305 0013545.01975.00r2075 00222 gicm- 2.adll|5061 3018664 9dfh 62

1D Initial Model | 3D Parametric Model  Synthetic Setup Angle: 0 Angle: 0 S N Layers
nitvp Log (Veld Init.Al Log Ac

= T - : ; o oufg .
TO p |ayel’ is pop u I a.ted Wlth e I aStI c TOP LAYER In Situ Simple Elastics ) X—A;\;: Angl:u s X—A;\;: Angl:u 2305.0013545.0( :‘;‘S‘gzt‘;z;gzeo ‘;;;';‘;{:92(5 I;uel 3018664 9 I\lngz\fp/vs anga(x th e to p a n d b aS e b rl n e
T A | T A | ] L ] >

| Fill values Calc. Vs/Rho |

S0 Parametric Synthetc Mode]

TWT (s)
TVDss (m)
MD (m)

property values for a “hard” shale | : Vor 2700 |z[mis | Porosity  [EmpTY HH £ HE HE H B E < E
Vs: 1250 |7 m/s Pore Pressure| EMPTY L | ’)
Thickness 100.00 2| m| Rho: 2.300 || g/em~3 | Fluid 2 sat | EMPTY [ [ Sand -
A 5 TARGET LAYER "~ In Situ Simple Elastics B
Target layer is populated with * Fillvaiues | [Cale. varRhol R
H ¥ |startdepth 1000.00 :E‘Vp: 2615 | m/s Porosity EMPTY zrers
mean elastic property values for a it [ zouolzle | [ zoelmE e — B D b th AVA
known Brine sand Thickness |  100.00 [2|m| Rho:|  2.280 2 g/cm”3 Fluid 2Sat | EMPTY [ [ escrl e e
~ Brine sand In Situ simple Elastics Tr TOP LAYE
. . . + :I Fill values | Calc. Vs/Rho
Brine sand layer is populated with | - o | ze152[mis  porosity | EweTy | ‘ ‘ ‘ TARGETL CIaSSGS Of the events
mean elastic property values fora | - per L WT0lmis e ressure STy
. Thickness 100.00 |2 m Rho: 2.280 |+ g/cm™3 Fluid 2 Sat | EMPTY Brine san
known Brine sand BOTTOM LAYER In Sity Simple Elastics

&

T 1 ™ 1. RMBclick “Set
horizontal Plot
ranges...”

| . 2. Select 50% and click

Parametric gather values
No parameter set [ = Show difference track | £ Set horizontal Plot ranges.}.

= No parameter set 0| .
3 Output Vp, Vs, Rho volumes Output RMS velume | Output velume size: 10 KB V| Show sample readouts K save logs to project... Set horizontal plot range X

Output Al, Vp/Vs volumes Output used axes volumes No parameter set 0l

Vp: 3235 2| m/s Porosity EMPTY

Bottom layer is populated with X
I th ro el’ty Values fOI’ a Vs: 1800 |7 m/s Pore Pressure EMPTY
mean e as p p Thickness 100.00 |5 | m| Rho: 2.400 |%| g/cm™ 3 | Fluid 2 Sat EMPTY
known deeper shale

T
1668.65) 00
"1668.65.00

Set the horizontal range to this extend around the average min-max range.

#cancel || fiskip | O |42 calculate |
Extent 50.00] | %[10.00 .. 90.00]

4 X Cancel

3. > Deselect all optional outputs
4. > Calculate to generate the model
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Rename model and create a copy to edit =

Data Pool: Odin QAI@dell37

1. RMB click the Parametric model in the Data
e Pool and rename “Hard_over_brine”

1 | Final_angle_gath | Par: 3 . “ § » 3
2. RMB click the “Hard _over brine” icon

¥ Rerun algorithm...

Select with sibling volumes 3 . > Ed it CO py R

Insert separator before this volume

§i* Create Subvolume...

48 Save Volume to Project...

@ Show Volume Information...

@ Show Volume History...

(@ Show Extended Volume Statistics...
< Show in Map...

« Show in Top PreStack Viewer...

«~ Show in Top Stack Viewer...

Z Show in Stack Viewer... Data Poolr Odin OAI@dell37,
Global Memory: (N ~ 36% Local Memor |3 Show in Data Comparator...
@ Show in Gather Viewer.. €60
& Show in 3D Viewer... - Raw,_ i i mpl_Raw_NO_S| | PL573S_smoothe | \w_angle_gathers
«* Create workflow from this volume... 38 3 QS T6L MB

¥ Delete Volume

Final_angle_gath-

¥ Edit algorithm parameter...
Edit cop
Rerun algorithm...

Select with sibling volumes

Insert separator before this volume
@@ Create Subvolume...
48 Save Volume to Project...
@ Show Volume Information...
(@ Show Volume History...
(@ Show Extended Volume Statistics...
<« Show in Map...
« Show in Top PreStack Viewer...
~ Show in Top Stack Viewer...
Global Memory: (IR 36% | Local Mem( Z Show in Stack Viewer...
2 Show in Data Comparator...
# Show in Gather Viewer...
& show in 3D Viewer...
wo# Create workflow from this volume...
¥ Delete Volume
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Exercise 4

Model 2 — hard shale over gas sand

3D Parametric Synthetic Model

"HPE e R s 1. Change the elastic properties of
Al =& = = ' Log (Velocity|flVs Log (Shear V{fRho Log (DensitfAI Log (Acoustic [[IlVo/Vs Log (Vpvs| .
2lElE )is: ) : Synthff]>305.0013545.0(lj975.00r2075.00|1.90 o/em- 2.5efl}4532.558841.1}1.56 2.36f
1D Initial Model | 3D Parametric Model ~ Synthetic Setup =2z Angle: 0 Angle: 0 Layers
TOP LAYER In Situ Simple Elastics F|S|2]  xaxs: angle xaxis: Angle  [[amerees (vetllinicvs Log shedliniano Log oefflitA! L2 (ol voivs Log "
= LAND ~ANg 13345 0flo75.00r2075.00[H1.90 g/em- 2.5¢ e {1 s6 236} e aS 0 OWS
Fill values | | Calc. Vs/Rho| g e s e 0 i y "
5 T]e|le < x|Is x| xfc x| <
X Vp: 2700 Porosi EMPTY 3 £ £ £ £ £
X P DO MY IB[® £ 2le glhe gl: gle g —_ —_ —
Vs: 1250 |2 Pore Pressure EMPTY CE p — S — O — .
Thickness 100.00 |2/ m | Rho: 2300 2| g/cm”~3| Fluid 2 sat | EMPTY | Ir ! 2
TARGET LAYER In Situ Simple Elastics s 2 I z M B I H k [ h 1 I I )I
L Fill values : B . C IC e OrIZOn a O
¥ |Start depth | 1000.00 2l Porosity \ EMPTY =rss
Start TWT 1.000 2| Pore Pressure EMPTY | 1 | = ra n eS )
Thickness 100.00 |2 Fluid 2 Sat | EMPTY [ [ =
Brine sand In Situ Simple Elastics dE IE TOP LAYE o
2]z fsopcr Tl o, Ve o [ BE | 3. Select 50% and click OK
N=m | ; T g Bl =
X Vp: 2615 v?m/s Porosity EMPTY | SLnly fe—l—— TARGET L
Vs: 1270 2| m/s Pore Pressure% EMPTY “13fS ‘ ‘ | ‘
Thickness |  100.00 3| m| Rho:|  2.280 2| g/cm~3| Fluid 2 Sat | EMPTY L | —— cm——] =
BOTTOM LAYER In Situ simple Elastics ¥ F J J ‘ ‘ | | ‘
: e e Describe the Al & Vp/Vs ratio
X | m]ve: 3235 2[m/s | Porosity  [EMPTY | F 1 1 ‘ ' I I | p
Vs: 1800 |2 m/s | Pore Pressure EMPTY I
e | o s o 10t o contrasts at the top of the gas sand
S ‘
Parametric gather values W h t AVA I r th n t 7
. mmYr e i e a ClaSS are tnese events:
- No parameter set [ ] =
Output Vp, Vs, Rho volumes Output RMS volume Output volume size: 10 KB V| Show sample readouts M save logs to project...
Output Al, Vp/V's volumes Output used axes volumes No parameter set 0 Set horizontal plot range *
#cancel Zskip ¥ i Calculate Set the horizontal range to this extend around the average min-max range.
Extent 50.00] %] % [10.00 .. 90.00]

4 X cancel
3

4. > Calculate to generate the model
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Rename model and create a copy to edit =

Data Poolt Odin. QAI@del37,

1
X

\/

PL573S_smoothe | iw_angle_gathers
764

y/

4

1 # 217

t 10 KB

=

\ename..
it algonthm parameter...

A
o

o

Insert separator before this volume

3 e = 1. Rename the new Parametric model
“Hard_over_gas”
Bt 2. RMB click the “Hard_over_gas” icon
| @ Show Extended Volume Statistics...
3. > Edit copy..

wy ?
v Aly

Global Memory

Local Memory: 185.026 GB

\o Show in Map...

= Show in Top PreStack Viewer...

«~ Show in Top Stack Viewer...

Z Show in Stack Viewer...

&a Show in Data Comparator...

# Show in Gather Viewer...

& Show in 3D Viewer...

o Create workflow from this volume...
© Delete Volume
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Exercise 4

Model 3 — soft shale over gas sand

3D Parametric Synthetic Model =

B iH [<[Velocity [>]<[Shear Vell>|<|Density |-<| Acoustic I{>|<| VpVs Rati{>]
b =g b Log (Velocity[fivs Log (Shear V{fRho Log (Densitjfilal Log (Acoustic [[fverVs Log (VpVs) =
SB|ElE ): ) : Synthffl1232.5013902.5¢f0.00m/s2400.00[11.90 g/em- 2.5efl]2958.0019366.0(l1.06 3.87)
1D Initial Model | 3D Parametric Model ~ Synthetic Setup =3z Angle: 0 Angle: 0 Layers
~ - - E =y [=] . . init.vo Log (Velolg, .\ o It Rno Log (DA PItA! Loa (Acoulg L
TOP LAYER In Situ simple Elastics Z|F|  xaxis: angle x-Axis: Angle  [fl1232.5039 o0omieaaon 0ol 90 areee s s 2958 0013366 offf TPV L3 1 t e aS 0 OWS =
Fill values | | Calc. Vs/Rho P gl 2 e Bl v < y .
. . e g2]lel c x1lrs xl's 9 . xls 3
¥ Porosity EMPTY I~ ] 3 s BE 4= == 4
& — 1 Sluafn E EflE EfllE el € Elf € £ — — _—
Pore Pressure| EMPTY o13rs p — S — 0 — .
Thickness 100.00 |2 m| Rho: 2.400 2| g/cm”3| Fluid 2 Sat | EMPTY L+ ] ]
TARGET LAYER in situ Simple Elastics Fr g 1] .
[ 4 Fill values_ Calc. Vs/Rho [ [ O C I C e O rI ZO n a O
% |start depth | 1000.00 || m| vp: 2710 2[m/s | Porosity EMPTY §_1§1§
Start TWT 1.000 |2|s | Vs: 1540 2| m/s Pore Pressure| EMPTY | °I°[ ran eS ”»
Thickness 100.00 2| m|Rho:|  2.070 |2/ g/em~3| Fluid 2 sat | EMPTY [ [ g R
- = - = 5 TOP LAYE
Brine sand In Situ Simple Elastics 1 [ n
+7 3. Select 50% and click OK
v Vp: 2615 2/ m/s | Porosity EMPTY [ sts "
X z L 3 B e S TARGET L
Vs: 1270 |2| m/s | Pore Pressure EMPTY ~“Ta[=
Thickness 100.00 |2 m| Rho: 2280 3| g/cm™3] Fluid 2 Sat | EMPTY B e Brineisan
BOTTOM LAYER In Situ Simple Elastics g
£ e | pa How has the to as sand event
— S8
3 Vp: 32352 m/s | Porosity  |[EMPTY | Pyl ) ) | | | l , p g
| Vs: 1800 |2[ m/s | Pore Pressure| EMPTY SEE ! ! !
Thickness 100.00 |2 m| Rho: 2.400 2 g/cm~ 3] Fluid 2 Sat | EMPTY =3 C h an e d ‘ )
FeFe =
FEE2
il
JFers [ | e e e
1 What is its AVA class?
1
Parametric gather values 2
- No parameter set o
Output Vp, Vs, Rho volumes Output RMS volume Output volume size: 10 KB v Show sample readouts H save logs to project...
Output Al, Vp/Vs volumes Output used axes volumes No parameter set o Set horizontal plot range *
| ® cancel Ski o . . n
* iskip — Set the horizontal range to this extend around the average min-max range.

Extent 50.00] %] % [10.00 .. 90.00]

4 X cancel
3

4. > Calculate to generate the model
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Exercise 4

ooooooo
@)’n
——n

Rename model and create a copy to edit =

t 10 KB
# Rename...

¥ Edit algorithm parameter...

3 L Edit copy. |

¥% Rerun algorithm...
Select with sibling volumes

1. Rename the new Parametric model

g ekl “Soft_over_gas”

5E 2. RMB click the “Soft_over_gas” icon
3. > Edit copy..

@ show Extended Volume Statistics... al Memory: 185.026 GB
| = Show in Map...

Global Memory:

= Show in Top PreStack Viewer...
<~ Show in Top Stack Viewer...
Z Show in Stack Viewer...

how in Data Comparator...

how in Gather Viewer...

& Show in 3D Viewer...

«* Create workflow from this volume...

© Delete Volume
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Exercise 4

Model 4 — soft shale over brine sand

3D Parametric Synthetic Model

“HEe H T e 1. Change the elastic properties of
Elkl [~ [« =g i } b Log (Velocity|flVs Log (Shear V{fl]Ro Log (Densif ‘BIVs Log (VpVs| .
2lElE ) ynthifli23 5013902 5q§0.00m/s2400.00fl2 22 g/em- 2.44 3.85)
1D Initial Model | 3D Parametric Model = Synthetic Setup =2z Angle: 0 Angle: 0 Layers
= - = E alg i i init.vp Log (Velolm 1 o ic e dm it R Log (D MItA! Loa (Acoulg .
TOP LAYER In Situ Simple Elastics == X-Axis: Angle X-Axis: Angle 1232.503902 5| EVS Loa ¢ el g‘,’m_gzu 958.0019366.o(ff!" (5 20 t e aS 0 OWS
Fill values_| | Calc. Vs/Rho ° 2,0 i 4,0 B 2,0 i 4,0 Ll » < > -
- . 3] c x|le x|l xflc s <
X Vp: 1900 7| P EMPTY s+ - = = = = =
X P: | m/s orosity | st [ £ g £ E £ E £ g £ E
Vs: 600 7| m/s | Pore Pressure EMPTY Eip p — S — O — .
Thickness 100.00 Rho: 2.400 2| g/cm~3| Fluid 2 sat | EMPTY | olele ! !
TARGET LAYER in Situ Simple Elastics SISIN 2 R M B I . k 1] S t h C t I PI t
. . click “Set horizontal Plo
— § ] gl1sle
% |Startdepth| 1000.00 3| m| vp: 2615 2| m/s Porosity | EMPTY S1E[E
Start TWT 1.000 |2 ! Vs: 1270 |2| m/s Pore Pressure EMPTY | 1 [ [ ra n eS ”»
Thickness 100.00 2 m| Rho: 2.280 2| g/cm~3 Fluid 2 Sat | EMPTY Bl ToP LAYE =
Brine sand In Situ Simple Elastics F .
¥ x 3. Select 50% and click OK
e —_— [s[s .
X vp: 2615 2| m/s Porosity EMPTY §__§ _g ITARGET L
' Vs: 1270 |2 ; m/s Pore Pressure EMPTY ISR ‘
Thickness 100.00 |2/ m| Rho: 2.280 |2 g/cm”3 | Fluid 2 Sat | EMPTY ¢ Brine san
BOTTOM LAYER In Situ simple Elastics FEE ‘ ‘
$ ] [o e 1 — o Describe the Al and Vp/Vs ratio
3 Vp: 3235 3| Porosity |EmpTY | §_§-':§'-= i ! ' l p
Vs: 1800 |3 m/s Pore Pressure| EMPTY “FE 1 1 ! .
R i il contrasts at the top of the brine sand
§_55, 23
“Fers ; £ B L H R
e hat is the AVA cl f th d
L 2 p
Parametric gather values n t‘ ,
No parameter set ol Show difference track | P Set horizontal Plot ranges... eve A
z BT - z - - No parameter set [+ _
Output Vp, Vs, Rho volumes Output RMS volume Output volume size: 10 KB v! Show sample readouts H save logs to project...
Output Al, Vp/Vs volumes Output used axes volumes No parameter set [ Set horizontal plot range x
% cancel dskip || 0 ¥ Calculate Set the horizontal range to this extend around the average min-max range.
Extent 50.00] %] % [10.00 .. 90.00]

4 X cancel
3

4. > Calculate to generate the model
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Exercise 4

Rename model and compare the 4 models =

Data Pool: Odin_ QAI@dell37:

1. Rename the new Parametric model
“Soft_over_brine”

£60 # 88
Raw_offset_gath¢ | Raw_NO_Stack | Ampl_Raw_NO_St PL5735_smoothe w_angle_gathers
TG4 ME | 45 GB
# 90
Angle map me _angle_stacks | Final_offset_gath | Final_angle_gath | Hard_over_brine
56 GE 3054 MB J t 58 G
# 252
Hard_over_gas Soft_over_gas
10 KB

.5 ¢

Y
Y

sy
x

Data Pool: Odin QAI@dE!I37:

[
E‘%}’e #11 €60 #88
‘Raw_offset_gath¢ | Raw_NO_Stack | Ampl_Raw_NO_ PL573S_smoothe | \w_angle gathers
= 893 KB JiS T ME i 45 GB
&“4 i #99
> Ang]e_map law_angle_stacks | Final_offset_gath Flnal |_angle. _garth Hard_over _brine -
52 oo T 2. Ctrl LMB click all 4 of the models
= » L]
- #217 #1233 2
. .
Global Memory: (I 36% | Local Memory: 185.026 GB Ogs Hard_over_gas Soft_over_gas Soft_over_brine Sele“ all GlrieA
? == i 2s ® | | Deselect all Ctri+Shift+A
t 10KB | t 10KB | t 10 KB|
2 Append separator
> Data Pool wind
& Show selected volumes in 3D Viewer... a a 0 O WI n OW
#* Show selected volumes in Gather viewer .
4. > Show selected volumes in a Data
= Show selected volumes in Top View
~= Show selected volumes in Map viewer
4 5|3 Show selected volumes in a Data Comparator ‘ 0 m arato r
%
Global Memory: (I 36% i} Create Pseudo PreStack...
w*# Create workflow from selected volumes Ctri+Shift+W
M Export selected volumes to SEGY
¥ Delete selected volumes Shift+Del
¥ Delete all
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Customise display

bl b 4 sl
201 - Fard brine (1) # 201 - Hard_over_brine (1) # 201 - Hard_over_brine (2) # 217 - Hard_over_gas (3) # 217 - Hard_over_gas (4) # 233 - Soft_over_gas (5) # 233 - Soft_over_gas (6) # 252 - Soft_over_brine (7) # 252 - Soft_over_brine (8)
4 - Hard_over_brine
201 - Hard_over_brine (2) N N
v ap 15000 15000 3 3
217 - Hard_over_gas (3) 10000 4 10000 4 50000 50000 60000 60000 o
217 - Hard_over_gas (4) 10000 5 10000 5 40000 40000 B B
233 - Saff: over_gas :5: 5000 4 5000 4 30000 30000 40000 40000
233 - Soft_over_gas (6 5000 5000 0 0 E E
20000 20000 20000 3 20000
0 0 -5000 3 -5000 5 10000 10000 1 1
-10000 3 -10000 3 o T o — o + 0 +
T T T T T T T T T T T N T T N T T
P 10 20 30 40 IU 10 20 30 40 5|0 P 10 20 30 40 5‘0 P 10 20 30 40 5‘0 Iﬂ 10 20 30 40 SIO P 10 20 30 40 5‘0 P 10 20 30 40 5‘0 P 10 20 30 40 5P
I I ! I | | ! | | 1 ! I I I I ! I | | ! | | I | I | ! ! I I | I
0.67] 0.67] = 0.67] = 0.67] =] 0.67] A1 0.6 =1 0.67] |~ 0.67] &
0.8 o 0.8+ 0.8 - 0.8 o 0.8+ 0.8 - 0.8 - 0.8 -
1.0+ C—— 1.0+ 1.0 1.0 1.0 1.0 a@ = 1.0 + 1.0 +
i 1 - i = T = — — ] i | ) E |
1.2 12+ - 12 - 1.2 - 12+ 12 = 12 - 1.2 -
(port SEGY
Calculate Attribute...| |37 | 1] | @ 1.4 14 1.4 1.4 1.4 1.4 1.4 1.4
» Info
: ) B B G “a v B v ) v ~ 0 T v B v
| #252-Soft over brine  [&] | #|[® | |peaq out: Read Out: Read Out: Read Out: Read Out: Read Out: Read Out: Read Out:
Reference volume: # 252
illie o @ 9.12 9486.48 9486.48 16.274 14.274
Ciossline e -5000 0 5000 -5000 5000 -5000 5000 -5000 5000 -5000 5000 -5000 5000 -5000 5000 -5000 5000
= r Inline o8 Inline o = Inline 0 Inline 03| Inline 03] . Inline . Inline 0 Inline 07
F3 - | e I = = | = | = |
Data | Control | Display mode crossline 0 = Crossline oz # = crossline [ # ~ crossline [ # = crossline 02 # = crossline # =~ crossline o3 # = Ccrossline [E Ed

1. Toggle off duplicate gathers in display (Comparator automatically loads 2 gathers per model)

37

© Sharp Reflections 2023

The Gathering 2023

Exercise 4
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)

Extract AVA responses at Top Target

ndow:3

Data Comparato a'x
e
. # 201 - Hard_over_brine (1) # 217 - Hard_over_gas (3) # 233 - Soft_over_gas (5) # 252 - Soft_over_brine (7)
| # 201 - Hard_over_brine (1)
. # 201 - Hard_over_brine (2) 15000 7 e
| # 217 - Hard_over_gas (3) 10000 4 50000 60000 4
@ # 217 - Hard_over_gas (4) 10000 40000 Ll E T
@ # 233 - Soft_over_gas (5) 5000 4 30000 40000
| # 233 - Soft_over_gas (6) 5000 0 20000 B
| # 252 - Soft_over_brine (7) | S AP 20000 *
& # 252 - Soft_over brine (8) 0 =3000 e Luonn, B e b ElT & 708 o b w of
= - 1 Al
" T ®15.000, -1458.860; -10000 ]15.000, -4079.397" g [15.000, 4848.884 O ]15.000, 7592.728
T T T T T T T T T T T T T T T T T T T T
‘0 116.332 30 40 5]0 IO 116.332 30 40 5[0 IO 116.332 30 40 5|0 0 116.332 30 40 SIO
1 L 1 1 1 1 1 1 1 1 L 1 L 1 1 1
0.90 © 0904 © 090 0.90 i
0.95 0.95 0.95 E 0.95 t
0.99Cg ——e———— 0:99) = Re 0.99
1 Show compass |
‘ Show sampling grid when zoomed in
1.05 4 1.05 4 . 1.05
Show grid
Set background color —
1.10 1.10 . 1.10
V| Show crosshairs
- Show zero levels
1.15 1.15 ;h it — 1.15
v/| Show tooltips
= = e - . . - -
Calculate Attribute... %@ 1.204 1.20 Pin Crosshair 1.204
» Info v/ Show Readout Plot... 2
X [ < Extract Attributes... ¥ < »
# 252 - Soft over brine |] | (&) | 1507315 -4264.036 Extract Attributes on all panel 7470.335
Reference volume: # 252 ¥ Create Polygon Selection...
Inline 0l- # 9.12 ) | 5y Create Mute... 16.274
. -5000 0 5000 -5000 0 5000 -5000 0 5000 -5000 0 5000
Crossline (s >
Inline [ Inline [ Inline (R Inline (A=
v i Cad ) i e ) o~ ) o
Data | Control = Display mode Crossline (1] Crossline Crossline 02 Crossline 0ls
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Parameters for: Amplitude (10)

Extracted from: # 201 - Hard_over_brine
at horizon

Tracking Method: | At Horizon Position

Iwinduw Center

2
=}
S
=)
i

v Amplitude Envelope
Hilbert Transform Inst. Phase
Inst. Frequency

Window Halflength
RMS in window Bandwidth

Max. Sample in window
Mean in window
Max. Abs. Sample in window

Average Inst. Frequency in window

Min. Sample in window
Median in window

Zero crossings in window

Angle
Least Squares e Robust
.. Angle of Incidence ~
ZECinit Range for Computation: =
3 Term Fit Angle of Incidence .

Range for Computation:

Exercise 4

. Use the mouse wheel with the cursor on the vertical axis to zoom in to the Top Target event at 1.0s TWT
. RMB click in any gather window and select “Extract Attributes on all panels...”
Select “At Horizon Position” as Tracking Method
. Set window center to 1.0s (Top Target event)

. Close the parameters window

SHARP REFLECTIONS




Set display range

0l b [

~ l%/ # 201 - Hard_over_brine (1)
~ %) = Extraction on all (9)
& = Amplitude (10)

~ |/ # 201 - Hard_over_brine (2)

~ [%| == Extraction on all (13)
4 == Amplitude (14)
~ lw # 217 - Hard_over_gas (4)
~ %/ = Extraction on all (15)
/| == Amplitude (16)
@ # 233 - Soft_over_gas (5)
~ [#] = Extraction on all (17)
+/ — Amplitude (18)
| # 233 - Soft_over_gas (6)
~ [% == Extraction on all (19)
| = Amplitude (20)
v l%| # 252 - Soft_over_brine (7)
~ [%/ = Extraction on all (21)
@ == Amplitude (22)
~ lw # 252 - Soft_over_brine (8)
~ [%] = Extraction on all (23)
% = Amplitude (24)

«

«

Calculate Attribute... %t [@
» Info

# 252 - Soft_over_brine  |#| | # |

Reference volume: # 201
Inline 0|3 #

Crossline (e

Data | Control | Display mode T

# 201 - Hard_over _brine (1)

311
100 Axis type 4
Add marker...
2 Fit axis to data

50
Setup axis ... =

v| Show grid
V| Show zero level

Export to csv file...

o
1.05
1.10
-
115 T—
8 -
1.20
< »
Read Out:
9.12
-5000 ) 5000
Inline (=
, SIS
Crossline (=

Data Comparatol

# 217 - Hard_over_gas (3) # 233 - Soft_over_gas (5)

50000 5 50000 5

# 252 - Soft_over_brine (7)

=]

X

50000 5
40000 4 40000 40000 5
30000 § 30000 § 30000 4
20000 5 20000 o 20000 3
10000 4 10000 4 10000 <
k T T T T k T T k T T T T
IO 10 20 30 40 SP IO 10 20 30 40 50 0 10 20 30 40 5|0
I 1 L I I I 1 I 1 I L I
0.90 © 0.90 0.90
0.95 0.95 E 0.95 t
Loo J—— | 100 100
1.05 1.05 G 1.05 ‘
1.10 i 1.10 ] . 1.10 .
115 [ 115 1154
| ] -
1.20 1.20 1.20
‘ » . ‘ 0
Read Out: Read Out: Read Out:
5 1 9486.48. 16.274
-5000 0 5000 -5000 o 5000 -5000 [ 5000
Inline 0 Inline 0|3 Inline 03
P4 = |2 = #
Crossline 02 Crossline 0|3 Crossline 03

Set range for the axis

| Max: 20000

Major tick size (0 - auto): |0

Cancel

WD

. >0K
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. RMB click on the vertical axis of one of the AVA displays
. > Setup axis...

. Set range from -20000 to 20000

Exercise 4
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i)

Compare AVA responses

Kk HH [ A v

Data Comparator Window:3'

=

X

~ %/ # 201 - Hard_over_brine (1)
~ I/ == Extraction on all (9)
~ el # 201 - Hard_over_brine (2)
~ [%| = Extraction on all (11)
| = Amplitude (12)
~ %! # 217 - Hard_over_gas (3)
~ l%| == Extraction on all (13)
4| = Amplitude (14)
v lw| # 217 - Hard_over_gas (4)
~ %/ = Extraction on all (15)
| = Amplitude (16)
~ l®| # 233 - Soft_over_gas (5)
~ | = Extraction on all (17)
® == Amplitude (18)
~ || # 233 - Soft_over_gas (6)
~ %/ = Extraction on all (19)
% = Amplitude (20)
~ l®| # 252 - Soft_over_brine (7)
~ l%| = Extraction on all (21)
% = Amplitude (22)
~ lwl # 252 - Soft_over_brine (8)
~ l®| == Extraction on all (23)
% = Amplitude (24)

Calculate Attribute..._ % (e
» Info
# 252 - Soft_over_brine [ | #| [ &

Reference volume: # 201

Inline

Crossline

Data | Control T Display mode

# 201 - Hard_over_brine (1)

# 217 - Hard_over_gas (3)

# 233 - Soft_over_gas (5)

# 252 - Soft_over_brine (7)

15000 15000 15000 15000
10000 10000 10000 10000
5000 5000 5000 5000
0 0 0 0
-5000 5000 F X X% x -5000 -5000
-10000 -10000 Xoxy— -10000 -10000
-15000 -15000 -15000 -15000
IAmams Raa o s e A e Rians IAmaas Anans Ao AN I e e A nan
° 10 20 30 40 50 0 10 20 30 40 50 0 1o 20 30 40 50 0 10 20 30 40 50
1 1 1 1 1 1 1 1 L 1 1 1 1 1 1 1 1
0.90 4 © o090 © o0s0 © o090
0.95 0.95 4 0.95 ] E 0.95 t
100 j— 100 S e G 100 e
1.05 1.05 1.05 - G 1.05 ‘
1.0 1.10 ] i 1.10] 110
o 7 —
L IE— 1 — 115 115 —
- ] - | . -
1.20 1.20 1.20 1.20
Read Out: Read Out: Read Out: Read Out:

-5000 5000
Inline

e

Crossline

-5000 5000
Inline

e
Crossline 0

-5000 5000
Inline

ez
Crossline (=

-5000 5000

Inline

=3 ~ Gl
Crossline 0
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Exercise 4

What are the AVA classes for each of the
different target scenarios?

Is the top gas sand always the same AVA
class?

Is the top brine sand always the same AVA
class?

What would be the best angle range at
which to tell these responses apart? Is
there a single best angle?
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Exercise 5

Exercise 5

* AVA analysis 1

* Generate 4 final angle stacks

* Generate a full-stack

* Amplitude extraction on angle stacks & full stack

« Create 10-fold partial pre-stack gathers

« Compare with 1 deg angle gathers

« Extract windowed attributes on angle stacks (+/-8 ms max neg, max pos, RMS), observe patterns
* Arbline through feeder — view on angle stacks, flat-spot

* Pre-stack well-tie

* Building models from well-logs



£ NMO..

gt & Stack | Mute...
J Partial Stacking...

{} COCA Sectorization ..

{} Butterworth Filter...

§} Frequency Filter...

1 User Defined Filter...

§J spatial Smoothing Filter...

£ Median Filter...

{} Destriping...

A 2D ECED Filter...

{} 3D ECED Filter...

{} EPS 3D Filter...

 Gaining...

£ Q-Model...

# QComp...

 Radon...

¥ Inverse Radon...

{} Tau-P Deconvolution...

¥ DipFilter ...

& Adaptive Subtraction...

& RMO...

£ RMO (Timeshifts)...

& Align2..

£ Velocity Editor...

{} Phase Rotation...

1 Spectral Balance...

{# Bandwidth Extension..

A} Trace by Trace Attribute Matching...
§} Trace by Trace Filter Matching...
{ Global Filter Matching..

# NUI1D Time-Shift Estimate...

{} Fast Fourier Transformation...

A Inverse Fast Fourier Transformation...
{} Resample Z Axis...

1 Bulk Time Shift...

a Seismic Time Depth Conversion...
 Well Calibrated Velocity Model...
§} seismic RMS Amplitude Calculation...
A} Velocity Conversion ...

§} Azimuthal Velocity Conversion ...
i Trace Interpolation ...
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2
£

Partial Stacking il

Input Volume: | # 99 - Final angle_gathers 1=

Stack Direction(s): = Angle

Output Volume(s): o Pseudo PreStack | Separate Stacks
Stacking Ranges
Output Bin [*] From [°] To[°] m\ 4

[#cancel 7

From the top level menu:

PrestackPro

Select Stacking Range:
" Add one sub-stack

s Add N sub-stacks}

5 From Angle: 5.00 %

© [0.00 .. 90.00]

To Angle: \W

° /[0.00 .. 90.00]

Nb of sub-stacks:

The Gathering 2023

[1..61]

| X cancel |
6

Select Processing

> Partial Stacking...

Select “Final_angle gathers” as Input

Toggle on “Pseudo PreStack” output

Click the green “plus” icon

Add 4 sub-stacks between angles of 5° and 45°

NoOoOkwbhE

> Calculate

Exercise 5
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Rename and view angle stacks

Exercise 5

Z StackView:5 [# 889/~ 4_angle. stacks] =X -
0D 4 L ¢ (@ )D 8B A+ 5 Can you observe amplituae
Data Pl QAI@del37 MR/ 28 daBdd L OO BN\ T =
~ Cursor Read Out 16650 16600 16550 16500 16450 16400 16350 16300 16250 16200 16150 16100 16050 . . .
G P _-ss%w variations with angle on the
Ampl_Raw_NO_Sf | PL5735S_smoothe | iw_angle_gathers World Y — =
93 ks i3 764 4B Inline ’)
Crosine 4 stacks”
Hard_over_brine Angle 1"~ cursor Read out
Time 1.8164 world X 449076 m
%889 # 5511 world Y [ 6.65922e+06 m| 1.0
Hard_over_gas Soft_over_gas Soft_over_brine 4_angle_stacks 3 b;:- Inline 27300 2| [26650 .. 27¢ Inline 27300 | =
t 3054 MB 2 Angle 3 n\ \[10 00 .. 40.¢ Crossline 16678.9 | StackView-5 [# 889 - 4_angle_stacks] TER
Angle 10° [ m = A
xER 7S 2 daBdd P 00D BN\ =
# 889 - 4 angle stacks Time 1.51372 s S
o e “ - Cursor Read Out 16650 16600 16550 16500 16450 16400 16350 16300 16250 16200 16150 16100 16050
= = world X 449831 m =
i [ 1.5 % e =t
il 27300 [ (25650279301 World Y 6.65888e+06 m| 1.0 ?7 STachyewb [ BEB P Aange racke] =
Angle °|110.00.. 40.00 °]  Inline 27300 = M = 5 A, =
- ! Crossi —— LRiz7/ 28« fapdb P 00BN T =
- rossline o
= ~ Cursor Read Out 16650 16600 16550 16500 16450 16400 16350 16300 16250 16200 16150 16100 16050
# 889 - 4 angle stacks Angle 20° d
J == world X [ as0128m| kﬁ
- —_— S
gjrime L SRR __ World Y 6.65874e+06m| 10 == -—’“N\__ ————— =
8 = # 889:Seismic Amplitude 414.233 o Lo —_— B
Global Memory: (I 37% | Local Memory: 185.026 GB 2 202 . = inine ‘ ZE00j]
: p— . ot L == Inline [ 27300 |2| [26650..27950] 1.5 Crossline 16586.5
’ y < Angle [ 30z°/no.o..40.00°] * Angle [ 30°
» Masks Time [ 1.8914s|
el 889 - 4_angle_stacks # 889:Seismic Amplitude | -114.228 |
~ Volume — =
|# 889 - 4_angle_stacks =] | Inline 27300 3| [26650..27950] 1.5
«/# 90 - Raw_angle_stacks = ~d L x
/# 80 - PL573S_smoothed_interval_vell e s Angle 2|{10.00 .. 40.00 °] = s
«/# 9 - Raw_NO_Stack » y i 2.0 ¢ =
» w/Horizon 2 >
» lwWell » Masks tacks ) d
~ Volume 3
|# 889 - 4_angle_stacks -

«/# 90 - Raw_angle_stacks

. # 80 - PL573S_smoothed_interval_velocitie
9 - Raw_NO_Stack

» | Horizon

» e Well

y

1 SN YN |

»

Masks

m - Volume

«|# 889 - 4_angle_stacks

@ # 90 - Raw_angle_stacks

/# 80 - PL573S_smoothed_interval_velocitie
# 9 - Raw_NO_Stack

Horizon

» -well

=

RMB click and rename volume “4_angle stacks”
Drag & drop the angle stacks volume into a Stack View
Scroll through the angle ranges

N

w
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y

Masks

»

~ Volume
% |# 889 - 4_angle_stacks
«/# 90 - Raw_angle_stacks
\w/# 80 - PL573S_smoothed_interval_velociti¢
| # 9 - Raw_NO_Stack
» [« Horizon
» = Well

-5000 ]
_ # 889 - 4_angle_stacks | 4= o Seismic Amplitude
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Create a Full Stack =

£ NMO.. §} Azimuthal Velocity Conversion ...
| B From the top level menu:

{} COCA Sectorization ..
{} Butterworth Filter...
§} Frequency Filter...

8 i - Select Processing
o N > Partial Stacking...
Select “Final_angle gathers” as Input
Toggle on “Separate Stacks” output
Click the green “plus” icon
Add 1 sub-stack between angles of 5° and 35°
> OK

Partial Stacking

£} 3D ECED Filter... Stack Direction(s): ' Angle

£} EPS 3D Filter... 3 Output Volume(s): ' Pseudo PreStack e/ Separate Stacks
 Gaining... Stacking Ranges

£} Q-Model... Output Bin [*] From [°] To[°] =1 4

# QComp... ———
@ |
 Radon...

¥ Inverse Radon...

{} Tau-P Deconvolution...
¥ DipFilter ...

& Adaptive Subtraction...
& RMO...

{# RMO (Timeshifts)... [@cancel | 7
& Align2..

£ Velocity Editor...
{} Phase Rotation...

44

1 Spectral Balance...
{# Bandwidth Extension..

A} Trace by Trace Attribute Matching...

§} Trace by Trace Filter Matching...
{ Global Filter Matching..
# NUI1D Time-Shift Estimate...

{} Fast Fourier Transformation...

A Inverse Fast Fourier Transformation...

{} Resample Z Axis...

1 Bulk Time Shift...

a Seismic Time Depth Conversion...
 Well Calibrated Velocity Model...

§} seismic RMS Amplitude Calculation...

A} Velocity Conversion ...

© Sharp Reflections 2023

The Gathering 2023

PreStackPro X

Select Stacking Range:

® Add one sub-stack

_ Add N sub-stacks

From Angle: 5.00 [2[|° [0.00 .. 90.00]
To Angle: 35.00 2 |°|[0.00 .. 90.00]
Target Angle: | 20.00 :E[n‘oo.. 90.00]

I Fok Ikcancel |

6

NoOoOkwbhE

> Calculate
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Rename and Compare full stack with angle stacks ="

& Data Pool: Odin_QAI@dell37

StackView-5/[# 890 - Fulllstack]

~ Cursor Read Out

World X [ a49362m|
World Y 6.65909e+06 m| 1.0
Inine o
Crossline [ 166538
Angle [ 207
N [ Time [ 2.82062 s

# ismi i 1152.02 |

Inline i 27300 |3/ [26650..27950] 1.5 = =

# 889 - 4_angle_stacks d
|+ 890 - Full stack

Which Angle stack looks most
similar to the Full stack?

2.0

Global Memory: (I 37% | Local Memory: 185.02

» Masks

~ Volume
|# 890 - Full_stack
«'# 889 - 4_angle_stacks
«/# 90 - Raw_angle_stacks

 # 80 - PL573S_smoothed_interval_velocitie

5 — = o - ——t
_ l=# 9 - Raw_NO_Stack -
@well A - - 0

" # 890 - Full_stack |4 e Seismic Amplitude

RMB click and rename volume “Full_stack”

Drag & drop the “Full_stack” into the existing Stack View

Toggle between “Full_stack” and “4_angle_stacks” volumes, rotating through angles
Turn on the Top Frigg horizon

-l A o
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Exercise 5

0000000
O - L - Doooo M
——
Data Pool: Odin, QAI@dE]B7! =X 3 5
MapView-3 [Top, Frigg. Smoothed| Pcube+] BEEY - StackView-5 [# 890 - Full_stack] [BEE]

t 45GB - Cursor Read Out 48000 450000 452000 454000 456000 458000 - Ccursor Read Out 16650 16600 16550 16500 16450 16400 16350 16300 16250 16200 16150 16100 16050

N, <
#* 88 | 3 - T = = = =
Raw_offset_gathe | Raw_NO_Stack w_angle_gathers lg 1211 ‘—L}“"}L‘wqf“ AL OA% M = ‘1—‘2 2/ 28« Satdd L O el A o
i 2489

b D e—— = =
o ji E World X nanm| ) ~— World X 450174 == e
SRR e World Y | W~ World Y 6.65872¢ =
gle_stacks | Final_offset_gath | Final_angle_gath | Hard_over_brine L . 6.6640+06 {— >
5 P Inline [ - s Inline [
i t 3054 MB § t t t / —
2 Crossline | 16172.7 | | m=rCrgssline [
L Trace [ Angle
Hard_over_gas Soft_over_gas ., )
Hard_over_ga Soft_over_g #103:Time | 1.94051s] 6.662€+06- Time
Volumes e - # 890:Seispr€ Amplitude | X ~ S .
" 7 ~22 / _ Horizon deck index =
% ‘ 13 -Topfngismcothedjcuha- ). Inling [ 27300 2| [26650..27950] 1.5~ ) S S
o/ (1] = @ g / L 3 Jump to closest cop S
i 6.66¢:+067] - > Jump to sample
Ul () # 889 - 4_angle_stacks == % — —ve
=, Max: | 1 l#890-Fullstack |

6.658e+06-

6.656e+06 /

Global Memory: (R 37% | Local Memory: 185.026 GB

4 == Top Frigg Smoothed Pcube+
|as| == Top_Rogaland_Petrel_Autotrack 6.654e+06
> e Well

1. Double click the Map View —

# 103 histogram

icon in the Data Pool

|set as Volume speci?icihistogram

2 ~ | Horizons

»

» Masks

~ Volume
\%/# 890 - Full_stack

% # 889 - 4_angle_stacks
lw/# 90 - Raw_angle_stacks

A | # 80 - PL573S_smoothed_interval_velocitie 1 1>
urn on the Top Fri ‘,
. ~ |w/Horizon ‘
& /==Top_Frigg_Smoothed_Pcube+
h - _ |=/==Top_Rogaland_Petrel_Autotrack s T 5500 e
» lwwell 2 o
0 rl Z O n = # 890 - Full_stack | & e Seismic Amplitude

3. C_I'Ck the _“synghromse 4. LMB click in the Stack View and toggle on “Enable”, then LMB click
w_ewers” icon in the Map anywhere on the gathers
View Click the “synchronise viewers” icon in the Stack View
LMB click in the Map View and toggle on “Enable”, then LMB click
anywhere on the map

oo o
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Exercise 5

ooooooo
00000

Turn on a structural contour for reference

MapView:3 [Top, Frigg) Smoothed Pcube+]

BT/ L5 0% 2504+ s ' 1. Click on the “Modify Contours” icon for the Top Frigg

~ Cursor Read Out 448000 450000 452000 454000 456000 458000
L e ' ; vent in Map View
worldy | nanm| w Jr E e e ap e
nline b 274201 | 6.664e+06-] )
gl e— 1 2. Set the First and Last contour values to 1.932s
Trace ) " "
Volumes 0.056264065 (13 ” 13 "
&3 # 103 - Top. Friag_Smoothed Pcube+ e a e S O n O O n e
S/ (1 [=]|@ -
o <]
[ M ‘718551‘2 IsoLines Parameters 4 > O K
~ Max:| 2.028 3 |s
~ || First value 1.932 |7}
2 Increment 0.020 2|
Last value 1.932 |7}
Double click h the map to ch IL locati
i (i oupble ClICK anywnere on the map 1o change ocation
Line Width |1
~ lw| Horizons Color . 448000 450000 452000 ~ 454000 456000 458000
|| == Top_Frigg_Smoothed_Pcube+ Labek » =
e/ = Top_Rogaland_Petrel_Autotrack S
v well 3 I Labels on: | None
6.664e+06-|
Font size 1lopt
Decimals 3
Start 10 6.662e+06-]
Interval 700

6.66e+06-

Min distance 30
| # cancel

D

6.658e+06-

6.656e+06 A8

6.654e+06-
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Create a full stack amplitude map =

What observations can you make
from the full stack amplitude map?

1
X

Data Pool: Odin. QAI@dE]37!

nterpretation-Processing [EVIIERVLTR{G TR Create Attribute Meps

{¥ Offset to Angle... In .

put Selection r
¥ Angle to Offset... #11 & 60 # 88
{# PCube Background Model Builder... 2 Input Volume # 890 - Full_stack EIE Raw_offset_gath¢ | Raw_NO_Stack | Ampl Raw_NO_S| | PL573S_smoothe | iw_angle_gathers
4} PCube Inversion... s Use horizon Top_Frigg_Smoothed_Pcube+ ‘.. CEENSGE | ¢ b6 BN t 45 GB

\/

T ¢ !

¥ PCube+... ) Use fixed Time | £ 6L # 90 #91 #99 -« MapView 3 [# 893 - Ampl_rull stack] =S
@ PCube+ Inspector ( i Angle_ma| Raw_angle_stack | Final offset gath | Bl_angle_gathers | Hard_over brine n L i ol r=a Shs
¥ Crava Back d Model Build Uze forizan dock a2 e Y _ B — K g_gat —— D@ 7 & 'i*L—)‘?/'E‘Oﬁ P.L—géﬂe%@ 5
ground Model Builder... .~ 5BGE K3 3054 MB § t 58GB § t 45 GB —
~ Cursor Read Out 448000 450000

) " 456l000 . 456|000 .

{5 Multi well Tie QC...

{F Crava Inversion.. Map settings # 233 # 889 # 890 A4 g
] N
W) Volumetrics: Calculatar;:. Create map at: | At horizon position b 3 vord X 447863 m| 1 {
§5 well Tie, BHIE P Hard_over_gas Soft_over_gas Soft_over_brine | 4 _angle stacks Full_stack = World Y 6.6633e+06 m| w ‘r E
1 t 10 KB t 3054 MB t 764 M2 Inline 2‘715;&1 6.664e+06- &

. a1
{F Generate Synthetic Gather... | #3893 < Crossline 16901.7 |
i i : Ampl_full_stack = Angle 0°]
1} 3D Parametric Synthetic Model Time shift (t.) 0000 :'{El 4 Ampl_full_¢ 3> s] \
893 KB Time 0s| 6.662e+06-

{F shuey-Modeled Gathers...

¥ chi Angle Volume...

¥ Trace Integration...

£ AVO Scaling...

£F Multi well scalar..

¥ Sculpt...

4F volume Flattening... Envelope

1 £ volume Unfiattening... m;lge;’;;;i"f‘fﬂ"" Global Memory: (I 37% Local Memory: 185.026 GB
[ create Maps.. ] :

¥ Create Interval Maps... Inst. Frequency 1

¥ Map Cross Correlation... 6.656e+06—4

45 Cross Plot...

% Horizon Tool ... ~ le Horizons

@ = Top_Frigg_Smoothed_Pcube+

o iz DEEK TE0! . @ == Top_Rogaland_Petrel_Autotrack 6.654e+06—
» e Well

% Manual Horizon Picker... 7 |®cancel || gskip | & 3 !

4» wavelet Tool... )
Histogram

Volumes
» | # 103 - Top_Frigg_Smoothed_Pcube+

| &9 # 893 - Ampl_full stack
~> Sl

Instantaneous | Windowed

i 6.66e+06-
v Amplitude

6.658e+06-

% Horizon Repair Tool ...

# 893 histogram

From the top level menu, select Interpretation-Processing st |

-10000

1. > Create Maps... 4. RMB click on the new map object and rename

2. Ensure that Input Volume is “Full_stack”, horizon is Top “Ampl_Full_stack”

Frigg and the "Amplitude” box is ticked 5. Drag and drop the “Ampl_Full_stack™ map into
3. > Calculate the existing Map View

48 © Sharp Reflections 2023 The Gathering 2023 SHARP EF LECTIONS




Global Memory:

OO0, WNPE

Raw_offset_gathe

Angle_map

Hard_over_gas

1480}
PL573S_smoothe
& V6L B

Ampl_Raw_NO w_angle_gathers

Raw_angle_stack | Final_offset gath | al_angle gathers | Hard_over_brine

Full_stack
764 MB

Soft_over_brine | 4_angle_stacks

3054 MB

Soft_over_gas

1

# Rename...
¥ Edit algorithm parameter...

¥ Rerun algorithm...

Select with sibling volumes

Insert separator before this volume
Create Subvolume...

& save Volume to Project... Local Memory: 185.026 GB
@ show Volume Information...

(@ show Volume History...

() show Extended Volume Statistics...
< Show in Map...

« Show in Top PreStack Viewer...

<« Show in Top Stack Viewer...

«* Create workflow from this volume...
¥ Delete Volume

Data Pool: Odin. QAI@del37,

Ampl_Raw_NO_St

37%

Final_offset_gath | al_angle_gathers

Soft_over _brine

(480}
PL573S_smoothe
€ TG4 MB

w_angle_gathers

Hard_over_brine

Full_stack
764 MB

4_angle_stacks
3054 MB

Local Memory: 185.026 GB

Input Selection 3
| Input Volume # 889 - 4_angle stacks Raw_offset_gath¢ | Raw_NO_Stack
e Use horizon | Top_Frigg_Smoothed_Pcube+ 764 MB
P_T9g_ I
1 i i T
Use fixed Time |= ! 260
| Use horizon deck s Angle_map Raw_angle_stack
158{G B! 3054 MB
Map settings |
Create map at: At horizon position -
Hard_over_gas Soft_over_gas
# 962
Time shift (%) 0.000 i::El Ampl_full_stack | Ampl_angle_stac|
3570 KB
Instantaneous | Windowed 2-Term  3-Term
v Amplitude
Envelope
Hilbert Transform
pilber Trr Global Memory:
Inst. Frequency
7 [#cancel [ fisp || o0 el 4

In the Data Pool, RMB click on the “Ampl_Full_stack™ map

> Edit copy...

Change the “Input Volume™ to “4_angle_stacks”

> Calculate

~ Cursor Read Out

World X 447384 m |
World Y 6.66239e+06 m |
Inline 274756 |
Crossline

Angle [
Time 0s]
Volumes

» l® # 103 - Top_Frigg_Smoothed_Pcube+
» | # 893 - Ampl_full_stack

| &9 # 962 - Ampl_angle_stacks
LN

Angle

~

~ @/ Horizons
| == Top_Frigg_Smoothed_Pcube+
@ == Top_Rogaland_Petrel_Autotrack
> e Well

RMB click on the new map object and rename “Ampl_angle stacks”
Drag and drop the new Amplitude map into the existing Map View

rp Reflections 2023

The Gathering 2023

MapView:3 [# 962 - Ampl_angle_stacks]

DE/Z 549008 LH0Ad W=

Exercise 5

448000 450000 452000 454000 456000 458000

6.664e+06-]

6.662e+06-

6.66e+06-

6.658e+06-

6.656e+06—/s

6.654e+06-

Histogram
# 962 histogram
e Seismic Amplitude histogram
o 62}705
Set as Volume specific histogram| ™ _10‘000
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Exercise 5

MapView=31# 962" = O/ - a X -
LD/ LIS O0B L i0APE LD/ LIS O08 L 0APE What observations can
Sl AEad Ol 448000 450000 452000 454000 456000 458000 S IS AEa i OlE 448000 450000 456000 458000
— ~ : — I ‘ ou make from the
World Y | 6.6649e+06 m| World Y | 6.65465e+06 m| w J’* £ y
Inline [ 27844.8 | CIOSRERO0:(\ ¢ Inline [ 26937.7 | IS AN .
E— ] 1 ] angle stack amplitude
angle anale %
Time [ o5 6.662€+06-] Time [ os| 6.662e+06-] ,?
# 962:Seismic Amplitude | 5309.91 | # 962:Seismic Amplitude | o] m aps 5
Volumes Volumes
» # 103 - Top_Frigg_Smoothed_Pcube+ 6.66e+06] » || # 103 - Top_Frigg_Smoothed_Pcube+ 6.66e+06-]

| # 893 - Ampl_full_stack | # 893 - Ampl_full_stack

= =
a1 ] o |
|angie [ 102} 6.658¢-+06] |angte [ EXIEN; 6.658e-+06-]
MapView: ngle_stacks] =0 ox

IBLLOAYE

448000 450000 452000 454000 456000 458000

448900 . 450|000

452|000 . 454|000 . 456|000 . 4SSPOO

~ lw Horizons 5m| B JE J 7m| g W
(%] = Top_Frigg_Smoothed_Pcube+ bl ¥ % h = - J’_ g
|@s| == Top_Rogaland_Petrel_Autotrack 6.654e+06— 2 . o k |

) el Well 78 6.664e+06 . 39| 6.664e+06 .

A ] | 22

Histogram Histogram 10°
# 962 histogram 6.662e+06- # 962 histogram 0s] 6.662e+06-

e Seismic Amplitude histogram e Seismic Amplitude histogram 0|
i 62{705 B . 62}705 o

Set as Volume specific histogram 10000 0 Set as Volume specific histogram | ™ 7 5650 0 10000 T
e 6.66e+06-] - - 6.66e+06-]
» %/ # 893 - Ampl_full_stack = » || # 893 - Ampl_full_stack =
- # 962 - Ampl_angle stacks mpl_angle stacks

[ 2P| 6essetos] [ a0l |’ 6.658e+06-

Scroll through the
amplitude maps by
angle o - P

@ == Top_Rogaland_Petrel_Autotrack 6.654e+06-
>l Well
4

~ |& Horizons

|%| == Top_Frigg_Smoothed_Pcube+
@ == Top_Rogaland_Petrel_Autotrack
> e Well

6.654e+06—

Histogram Histogram

# 962 histogram

# 962 histogram

e Seismic Amplitude histogram e Seismic Amplitude histogram o

62,705 i
Set as Volume specific histogram -10{)00

[ ific hi ey
Set as Volume specific histogram -10000
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Create a 10-fold Pseudo pre-stack volume -

Processina

51

£ NMO..

§F stack | Mute...

{} COCA Sectorization ..
{} Butterworth Filter...
§} Frequency Filter...

1 User Defined Filter...
§F spatial Smoothing Filter...
£ Median Filter...

{} Destriping...

A 2D ECED Filter...

{} 3D ECED Filter...

{} EPS 3D Filter...
 Gaining...

£ Q-Model...

# QComp...

 Radon...

¥ Inverse Radon...

{} Tau-P Deconvolution...
¥ DipFilter ...

& Adaptive Subtraction...
& RMO...

£ RMO (Timeshifts)...

& Align2..

£ Velocity Editor...

{} Phase Rotation...

1 Spectral Balance...

{# Bandwidth Extension..

¥ Trace by Trace Filter Matching...
{ Global Filter Matching..
# NUI1D Time-Shift Estimate...

{} Fast Fourier Transformation...

{} Resample Z Axis...

1 Bulk Time Shift...

a Seismic Time Depth Conversion...
 Well Calibrated Velocity Model...

} Velocity Conversion ...

A} Trace by Trace Attribute Matching...

A Inverse Fast Fourier Transformation...

§} seismic RMS Amplitude Calculation...

§} Azimuthal Velocity Conversion ...

i Trace Interpolation ...

Partial stacking S

i3

From the top level menu:

To Angle: }45.00 |2

2 ||||B||t Volume: # 99 - Final angle gathers E’ P
Stack Direction(s): (¢ Angle
3 I Output Volume(s): ' Pseudo PreStack I Separate Stacks
Stacking Ranges
Output Bin [°] From [°] To[°] E 4
e |
= 7
PreStackPro
Select Stacking Range:
1 Add one sub-stack
5 From Angle: 5.00 2|

©|[0.00 .. 90.00]

©|[0.00 .. 90.00]

Nb of sub-stacks:

10

[1.61]

-\ X Cancel

Select Processing

abkwbhE

© Sharp Reflections 2023

7. In the Data Pool, RMB click and rename !
the new volume “10_angle_stacks” 4

The Gathering 2023

6

e

> Partial Stacking...

Select “Final_angle gathers” as Input

Toggle on “Pseudo PreStack” output

Click the green “plus” icon

Toggle on “Add N sub-stacks” and add 10 sub-
stacks between angles of 5° and 45°

> 0K

Data Pool: Odin QAI@dell37

9 {480} # 88
_Ampl_Raw_NO_Sf PL5735vsmoothe 1w_angle_gathers
764 ME | 45 GB

1
X

> Calculate

‘Raw_NO_Stack
764 MB

(189 #99
Angle map Raw._ angle stack | Final_offset gath | al angle_gathers | Hard_over brine
___SBGE | 45 GB

# 890

T 4@

4 _angle_stacks
3054 MB J t

Full_stack
764 MB

Hard_over_gas Soft_over_gas Soft_over_brine
# 893 #962 #1031
Ampl_full_stack | Ampl_: angle stac || 10 angie stacl
893 KB t 7 GB

i‘.
Y

I3
iy N

\!

A\

Global Memory: (N  38% | Local Memory: 185.026 GB 4:
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Exercise 5

Compare pre-stack fold =

Data Pool: Odin QAI@dell37: X

&0 # 88
Raw_offset_gathe @ m PL573S_smoothe @
& TCLME | 45 GB
L2489 #90 #99
Angle_map @ inal_ b Hard_over_brine
E SEGE | i 3054 MB J t <56 45 GB

4. Place the cursor on the TWT axis and use the
mouse wheel to zoom in to the target at around
2.0s TWT

¢

A4

# 889 # 890
Hard_over_gas E ¢ a 4_angle_stacks Full_stack
K t 3054 MB J t 764 MB

e
B TR
Y

& =l Data Comparator Window4 -ax
<> -
= 0 b [ B A P
3 3 = # 889 - 4_angle_stacks (1) # 1031 - 10_angle_stacks (2) # 99 - Final_angle_gathers (3)
= | # 889 - 4_angle_stacks (1)
,&’ | #1031 - 10_angle_stacks (2) P &
e ; @ # 99 - Final_angle_gathers (3) 60000 60000
40000 3 40000 3 50000
= E| 3
Bl fef R =l= 20000 3 20000 3
0 0 0
_ # 889 - 4_angle stacks (1 = El E
# 889 - 4 angle stacks (1) s & = = 20000 3 .igggg 3
e -40000 5 = -50000
60000 . = : Ogs -60000 3 -60000 3
20000 Global Memory: (MM  38% Local Memory: 185.026 GB & S — — — ]
20000
10 20 30 40 10 20 30 40 10 20 30 40
. | - L
00 1.7 - 1.7 - 1.7 o
Z40000 11 7 - —
rag & drop “4_angle_stacks :
T T T L]
— — 1.8 A 3
50 M 1 - -
volume into a new Data 10—

Comparator al B= —

2. Drag & drop the :

—_— | “ ’ . Calculate Attribute..._ %1 (@] z.zF 2'2b
= 10 angle stacks” volume into e — | —

5 .
#1031 - 10_angle_stacks |2 | #| | |pead out: Read Out: Read Out:

o el . the CO' I Iparator . MM
£ ¥ Inline 27300 2 2 £
» Info 35 e ~ — e Ead) -5000 0 5000 -5000 0 5000 -5000 0 5000
101 0 s 8 8] s 3. Drag and drop the J g |

e “Final_angle_gathers” into the -
Data | Control  Display mode e Eudl Com para’tor

0
N

Data | Control Display mode
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Exercise 5

ooooooo
00000 @m

—0

Extract amplitudes from each pre-stack data set —

£ Data Comparator Window 4
= - = Parameters for: Amplitude (5)
[1.4] 4| = g
L [ ] I"H : r Extracted from: # 889 - 4 angle _stacks
= # 889 - 4_angle_stacks (1) # 889 - 4_angle_stacks (1) # 1031 - 10_angle_stacks (2) # 99 - Final_angle_gathers (3) P atboron Top_Frigg_Smoothed Pcube+ |‘ I 2
@ #1031 - 10_angle_stacks (2) = o
&8 # 99 - Final_angle_gathers (3) 60000 60000 Tracking Method: | Snap to maximum positive within window - I
40000 3 40000 3 50000 7 -
20000 3 20000 3 Herizon Shift 0.000 7|s
073 03 2 I Window Half-Length 0.004] 3| s I
-20000 3 -20000 3 . =
-40000 3 -40000 3 -50000
-60000 3 J10.000, 629.847 -60000 3 J11.000, 1025.263 [12.000, 838.718
T e e e e ] I o T e o N e | s e e T
1II 12 20 30 4|0 112 20 30 40 i 112 20 30 40
! I . I I L 1 I I ! I
1.7 - 1.7 -
v Amplitude Envelope
1.8 18] Hilbert Transform Inst. Phase
Inst. Frequency
1.87 — Az0720:
1.9 Show compass
show sampling grid when zoomed in Window Halflength 0.025 2 E
o Show grid RMS in window Bandwidth
Set background color Max. Sample in window Min. Sample in window
4 -Show crasshairs Mean in window Median in window
21 Show zero levels o o
. Max. Abs. Sample in window Zero crossings in window
V| Show tooltips
Calculate Attribute..._ o e i Pin Crosshair Average Inst. Frequency in window
» Info v Show Readout Plot... Angle
Extract Attributes... ‘ » _) Least Squares ® Robust
# 1031 - 10_angle_stacks |#| # | & 420,424 .
== i Extract Attributes on all panels.. 1 2 Term Fit Angle of Incidence N
Reference volume: # 99 % Create Polygon Selection... :anlge f;:lr szpu':atmn: - -
- Angle of Incidence ==
Inline 27300 3| |2 2y Create Mute... BT Raggefor Computation: —8
n =) = -5000 0 5000 -5000 0 5000
Crossline 16350 < 2
é # é |# é #
Data | Control = Display mode

RMB click on one of the gathers & select “Extract Attributes on all panels...”

Toggle on “at horizon” and select Top Frigg event
3. Set Tracking Method to “Snap to maximum positive within window” and set Window half-length to 4ms

(N.B. you can click on any units button to switch from s to ms)
4. Close Parameters window by clicking x

D=
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Compare pre-stack fold

)

bl HH 4

~ || # 889 - 4_angle_stacks (1)
~ || == Extraction on all (4)
[« Amplitude (5)
~ & # 1031 - 10_angle_stacks (2)
~ &/ = Extraction on all (6)
%/ = Amplitude (7)
~ [%| # 99 - Final_angle_gathers (3)
~ &/ == Extraction on all (8)
= Amplitude (9)

Calculate Attribute... %/ |H

» Info

# 1031 - 10_angle_stacks |&| | #

Reference volume: # 889
Inline | 27300 2

Crossline | 16350 3/

Data | Control = Display mode

Data Compara ox
# 889 - 4_angle_stacks (1) # 1031 - 10_angle_stacks (2) # 99 - Final_angle_gathers (3)
14000 3 14000 3
12000 - 12000 -
10000 = % 10000 = WTae =1
8000 3« 5 8000 3 i
< 6000 3 i 6000 3 e e
4 Axis type 4000 3 4000 3
2 2000 3 2000 3
Add marker... 03 03
o A T e e R e e e A B e
Fit axis to data
Setup axis ... 40 10 20 30 40
L " 1 L L 1
v Show grid 1.7 4
v Show zero level | -
Export to csv file... ‘
= - = [ Set range for the axis
| Max: 15000
19
Major tick size (0 - auto): 0
3 Cancel
2.0
21 21
2.2 E 2.2
E— —
‘ v ‘
Read Out: Read Out: Read Out:
-5000 0 5000 -5000 0 5000 -5000 (] 5000
= _— Fd - —_— 2 e —— P

4 © Sharp Reflections 2023

The Gathering 2023

Exercise 5

1. RMB click on the amplitude axis and click “Setup axis”

2. Set the range from 0 to 15000

3. >0K
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Compare pre-stack fold =

E Data Comparator: Window4
llie & 5= . .
Dt b BB P Are 4 angle stacks sufficient to
[ = # 889 - 4_angle_stacks (1) # 1031 - 10_angle_stacks (2) # 99 - Final_angle_gathers (3) .
v x| #889-4 le_stacks (1)
e e establish the AVA class of the Top
| e B e e 140003 o :
[T ‘,f‘lfé,;t}a"&?;‘,? ':gs,-:ﬁc('és) @ 100003 100003 10000 3 ooc, Fri g g eve n'[')
: [%| = Amplitude (7) 8000 X X 8000 3+ X% |2 8000 ’S‘x‘x T
~ [%| # 99 - Final_angle_gathers (3) 6000 X 6000 ' = 6000 2 iR s o
~ || == Extraction on all (8) 4000 4000 4000

B What additional information does
the 10-fold gather contain?

[ i+ = Amplitude (9) 2000 2000 2000
[
\
|

T
1.8
1:9

2.0

1. Click on the eye-dropper icon
and click on any location on the
map to compare AVA response
for different fold of input at
different locations

2.1

Calculate Atribute...| (4] 1+ (@] |,
» Info

= = — 1 1 4
#1031 - 10_angle_stacks [&| | #| (& | |pead out:

Reference volume: # 889
Inline 27300 |2 1 A |

Crossline 16350 |2 > s

O
|
|
B
O
N
0
|
|
N

Data | Control | Display mode | ‘ q. & g \ | ‘
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Exercise 5

Windowed pre-stack amplitude mapping =

NI EERM RGeS0 Utilities Workflow Y
¥ Offset to Angle...

£} Angle to Offset...

¥ PCube Background Model Builder...
4} pcube Inversion...

¥ PCube+...

& PCube+ Inspector

¥ Crava Background Model Builder...
£} Crava Inversion..

(4] volumetrics Calculator...

is well Tie...

{5 Multi well Tie QC...

{} Generate Synthetic Gather...

1} 3D Parametric Synthetic Model..
{F shuey-Modeled Gathers...

¥ chi Angle Volume...

¥ Trace Integration...

£ AVO Scaling...

£F Multi well scalar.. 3

¥ Sculpt...

4F volume Flattening...

¥ volume Unflattening...
¥ Create Interval Maps...
£} Map Cross Correlation...
45 Cross Plot...

% Horizon Tool ...

% Horizon Repair Tool ...
& Horizon Deck Tool ...
% Manual Horizon Picker...
4= wavelet Tool...

Create:

Input Selection

ALTribute Maps

Input Volume

o Use horizon

# 889 - 4_angle_stacks I
Top_Frigg_Smoothed_Pcube+ F ]

Use fixed Time

Use horizon deck

Map settings

Create map at: At horizon position

F s

Time shift (t.)

Instantaneous 2-Term | 3-Term

0.000 :E
4

v, Amplitude

Envelope

Hilbert Transform
Inst. Phase

Inst. Frequency

7 | #cancel

£} skip 0 ¥ Calculate

1. > Create Maps...

2. Ensure that Input Volume is “4_angle stacks” & horizon is

Top Frigg

3. Deselect the Amplitude tick box

56 © Sharp Reflections 2023
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Create Attribute Maps

Input Selection
Input Volume # 889 - 4_angle_stacks ‘5 )‘
* Use horizon Top_Frigg_Smoothed Pcube+ ‘..=
Use fixed Time
Use horizon deck “. b
Map settings

Create map at: At herizon position

Time shift (t;) 0.000 :15

Instantaneous | Windowed 2-Term  3-Term

¥/ RMS in window £
V| Max. Sample in window

v! Min. Sample in window
X, ADs. Sample 1 window
Signed Max. Abs. Sample in window
Mean in window

Zero crossings in window

Median in window

Bandwidth
Semblance within Offset Class
SNR
Sum of Positive Samples E
| Window Halflength: 0.008 || s [}
7 | #cancel £,skip o | 1 Calculate

From the top level menu, select Interpretation-Processing

~N O O1 b

Click on the “Windowed” attribute tab

Select RMS, Max and Min sample in window
Set Window Halflength to 8ms

> Calculate
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Wlndowed pre-stack amplitude mapping =

Data Pool: Odin_QAI@dell37 [=)x] |- MapView-3 [# 1289 - Min. Sample in window (#889)] (=o)x)

#11 [ ; “‘VV&V’JL *‘L—’tf‘ﬁo‘p L O AN =
Raw_offset_gathe | Raw_NO_Stack PL573S_smoothe | w_angle gathers l§
893 KB 8 764 ME 45 GB

cursorReadout 7 IM445|000 _ 450000 452000 " aEhan |/4156|000 _ 458000 WhICh Inte rval attrlbute maps

World X [ 450685 m
T s World Y 6.66517e+06 m | w e b f : ?
' v e | ammes  sesesos| | appear to be of most interest”
Angle_map ~Raw_angle_stack | Final_offset_gath a] |_angle_gathers | Hard_over brine =
2 16757.3 ]
SBGE | 3054 MB f t 58 GB 45 GB [’7 ———
0°
0 6.662€+06]
Hard_over_gas Soft_over_gas | Soft_over_brine —
B How do they compare to the
» @) # 893 - Ampl_ful |I stack 6.66e+06-
| > @ # 962 - Ampl_al acks
Ampl_full_stack = Ampl_angle stac | 10_angle_: ~ Amplit 9 LeSm S ||y ] #1287 - RMS . I. d ?
Instantaneous amplitude maps™
—— == x 6.658e+06]
#1288 = 2
Max. Sample in w| [ &GA
3570 KB 3570 K
.\= 6.656e+06
Ll
= - . - = - b 4 RE ” i
Global Memory: (N  38% Local Memory: 185.026 GB _% ~ |w| Horizon 6.654e+06 T T o S
L4 %/ j= Top_Frigg_Smoothed_Pcube+ 3 AL {IW:
| = Top_Rogaland_Petrel_Autotrack i el TNy
| Wel A T gl - %
6.652€+06_] i - " Y
Histogram
# 1289 histogram 3
® Seismic Amplitude histogram 1554
| set as Volume specific histogram | ™ -10500 (') 10000

—

LMB click and drag the three maps into the existing Map View
Toggle between the attribute maps and scroll through the angle ranges
3. Place cursor on the colour bar and use the mouse wheel to alter the dynamic range as required

N
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Pre-stack arbline screening

Bz 4 ud a0 0oAd@ s

448000

~ Cursor Read Out

World X [ 452862 m |
World Y | 6.6528e+06 m|
Inline 3

Crossline

Trace

# 103:Time [ 1921035

MapView-3'[Top_Frigg Smoothed Peube+]

6.664e+06-

6.662e+06—

» || # 962 - Ampl_angle_stacks
| # 1287 - RMS in window (#889)

\%| # 1288 - Max. Sample in window (#889)
» [/ # 1289 - Min. Sample in window (#889)

~ l@ Horizons

== Top_Frigg_Smoothed_Pcube+
|@s| == Top_Rogaland_Petrel_Autotrack

> e Well

6.66e+06-|

6.658e+06—

6.656e+06—

6.654e+06—

6.652e+06.
Histogram
# 103 histogram

) Time Horizon histogram

Set as Volume specifi

rp Reflections 2023

compass

S sampling grid when zoomed in
v Show grid

Set background color
v/ Show scale bar

V| Show crosshairs

<% Create Polygon Selection.
P Create Locations of Interest ...

Visualization Interpolation Distance:

Create Arbitrary Path...

~ Cursor Read Out
World X
World Y
Inline
Crossline
Trace
Volumes

&3 # 103
% # 893 - Ampl_full_:
| # 962 - Ampl_angle_stacks

| # 1287 - RMS in window (#889)

1%/ # 1288 - Max. Sample in window (#889)
|| # 1289 - Min. Sample in window (#889)

~ |/ Horizons

|| == Top_Frigg_Smoothed_Pcube+
== Top_Rogaland_Petrel_Autotrack
Well
~ %/ Arbitrary Path

[ e feeder

DR/ 544 w08 LHO0A%E

1.

454000 456000 458000

6.664e+06-

6.662e+06—

6.66e+06-|

6.658e+06

6.656e+06

6.654e+06—

6.652e+06.]
Histogram

# 103 histogram
® Time Horizon histogram

g(;t as Volume specific histogran{

The Gathering 2023

Exercise 5

Display the Top Frigg
structure map

RMB click on the map at a
location where you would
like to start the line

> Create Arbitrary Path...
Rename as “feeder”

> Create

Ctrl LMB click to add
points to the line, along
the axis of the fan
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Exercise 5

Pre-stack arbline screening - 1

8 Data Pool: Odin_QAI@dell37 Z StackView-6/[# 1031 - 10_angle_stacks] =
n = 4 g
6o LRz / zEedaddd P 00BNt E
Raw_offset_gathe | Raw_NO_Stack | Ampl_Raw_NO_S{ | PL5735_smoothe | w_angle_gathers ~ Cursor Read Out %; Display Crossline 16650 16600 16550 16500 16450 16400 16350 16300 16250 16200 16150 16100 16050
- - = - s o = = = L i bl 1 1 1 L 1 1 1 1 L 1 L 1
764 MB & 764 1B IS World X Display Inline =
A7 Display Arbitrary Path
World Y = Display y
2489 —_—
e E . = Inline [ 27300
Angle_map ‘Raw_angle_stack | Final_offset gath: | al angle_gathers | Hard_over brine -
rossline
Angle [ 23°
Time [ 0.0789189 s
i » —_—
Soft_over_gas ‘Soft_over_brine 4_angle_stacks a >l # 1031:Seismic Amplitude | o
3054 MB ! 1.0
Inline | 27300 3| [26650..27950] -
#1031 | {
- e 4 Angle 23 |2 °|[7.00 .. 43.00 °] StackView-6 [# 1031 - 10 angle_stacks
| 10_angle_stacksf”| Amplitude (#889 RMS in window (; = : L Zongle Statke]
ozt z T S 3
7cs a0, 2|8 feeder Y PRl Bdb L 00D BN T E
# 1031 - 10_angle_stacks 35 ] b Z bl
Inline 27553 27461 27368 27251 27124
e 16414 16326 16239 16219 16210
Max. Sample in Min. Sample in w [ 453223 m - H L i s i i e L 1 L
2.0
Global Memory: (NN  38% Local Memory: 185.026 GB
25
L2 3 4
» Masks 3.0
~ Volume
l®/# 1031 - 10_angle_stacks
lw/# 890 - Full_stack
\ # 80 - PL573S_smoothed_interval_velociti¢ 3.5
w/# 9 - Raw_NO_Stack
» l= Horizon
o M
-5000 0 5000
#1031 - 10_angle_stacks | 4= o Seismic Amplitude

1. LMB click and drag the “10_angle_stack” volume into a new Stack View
2. In the Stack View, click on the “Display Inline” icon

3. > Display Arbitrary Path

4. Make sure the “feeder” arbitrary path is selected
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KRz / 2 Aglfester

- Cursor Read Out

World X .~ 453210m|
World Y | 6.66159e+06 m|
Inline [ 27609.2 |
Crossline [ 16455.6

Angle [ 237
Time [ 09312435
# 1349:Seismic Amplitude | -1143.61 |
Angle [ 23]2[°]im.00..43.00°]

# 1031 - 10_angle stacks

» Y

» Masks

~ Volume
@ # 1031 - 10_angle_stacks
le # 890 - Full_stack 4
80 - PL573S_smoothed_interval_velociti¢
« # 9 - Raw_NO_Stack
» = Horizon
» e Well

5000

-5000 -
# 1031 - 10_angle_stacks | 4= e Seismic Amplitude

In the Stack View, click on the “indices” tab
> [ncreasing indices

Click on the “Set zoom level” tab

> Zoom to horizontal data range

Place the cursor on the vertical axis and zoom vertically around the 2.0s TWT level

The Gathering 2023

p Reflections 2023

Z

EIR| 2 / Z Alfecte

~ Cursor Read Out Inline

StackView-6/[# 1031 - 10_an

Ploov BN+ =

P 25%

acks - ‘ »

World X [ 453210 m| XNe . Ll P 50%
World Y | 6.66159e+06 m| P 100%
Inline C 2 £ 200%

: — £ 400%
Crossline [
ol [ £ Fit data into view

= <> Zoom to horizontal data range
Time [ 0.931243 s
. . 2 - 2 Zoom to vertical data range

#1 Amplitude | -1143.61 | , o | =
Angle 232 °[[7.00 .. 43.00 °]

LS y

» Masks

~ Volume

l%/# 1031 - 10_angle_stacks
lw/# 890 - Full_stack

| # 80 - PL5735_smoothed_interval_velocitic |
@/# 9 - Raw_NO_Stack

» l@Horizon
» e Well

-5000 ) 5000
# 1031 - 10_angle_stacks | &= e Seismic Amplitude

Exercise 5
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Exercise 5

Pre-stack arbline screening - 3

StackView-6/[# 1031 - 10_angle_stacks] StackView-6/[# 1031 - 10_angle_stacks]
(3 7 S —— & 5 = i s 3 S 5
B 7 / 2 ARlfeder 2Rl BdL L 00BN E B 7 /| 2 ARlfeeder 2GR BdD L OO0DBNTE
~ Cursor Read Out Ir 26965 27205 27428 27618 ~ Cursor Read Out Ir 26965 27205 27428 27618
World X 452804 m| 16200548 10213 ; 10285 R 1560 ; . Word  szs0am]| 16200548 16218 L, 16295 lo460 )
_— i 4 .,.\ o e N ~ K Ve iwa e ————— | Ve A o AT = :v‘__-”n ~—3g
World Y [ 6.65294e+06 m | o NS SN World Y [ 6.65294e+06 m | ML e 2 N N X -
Inline [ 26964.9 | : Inline [ 26964.9 | - A L
. 5 . 5 ] ’
Crossline [ Crossline [ .
Angle 23°] Angle 43 °|
Time [ 1.93188 5| il Time [ 1.93188 5| 1
#1 ismic Amplitude | -1519.45 | #1 ismic Amplitude | -1721.63 | : ) .
- =] 1.8 — 1.8 - . : .
Angle | 232/ °[17.00 .. 43.00 ] . 4 Ppoge T Bsflclir00.43.00
#1031 - 10_angle_stacks 103250 ey G #1031 - 10_angle_stacks 1.932}
" Show sampling grid when zoomed in
2.0 44 [ show grid 2.0
€  set background color
o
- VI Show crosshairs
| (1 show zero levels
2.2 | ¥ Show tooltips 2.2
Pin Crosshair | 2
_I{ % create Polygon Selection...
2.4
L2 Y L2 Y
» Masks » Masks
~ Volume ~ Volume 2.6
l®/# 1031 - 10_angle_stacks l®/# 1031 - 10_angle_stacks
lw/# 890 - Full_stack lw/# 890 - Full_stack
lw/# 80 - PL5735_smoothed_interval_velociti¢ lw/# 80 - PL573S_smoothed_interval_velociti¢ Lis
@ # 9 - Raw_NO_Stack @ # 9 - Raw_NO_Stack
» = Horizon - =Horizon
leWell - - s
-5000 0 5000
#1031 - 10_angle_stacks | 4= (o Seismic Amplitude #1031 - 10_angle_stacks | 4= (o Seismic Amplitude

. Place the cursor at 1.932s in the Stack View, RMB click
. > Pin Crosshair

. Turn on Top Frigg horizon

. Pan through the angle ranges

What happens to the Top Frigg
event as you scroll to higher
angles?

WD
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Pre-stack arbline screening - 4

> MapView=s [Top_Frida) smoothed PCUbe] StackView-6 [# 1031 - 10_anale_stacks]
T allssh W =R s [ lfa Z > | T 5
EE/Z L4 9 w08 LLOAW = EIZ| 7 /| Z Alfeceder Nep |5 5 dDPIC0D BN =
~ Cursor Read Out 448000 450000 ~ Cursor Read Out Ir 26965 27205 P 25%
Worldx | 452293 m| World X [ 452804 m| ”620‘0'5‘48 — 162'.18 > P 50% e . .
e ———— | R a . J " e =
World Y 6.66467e+06 m | World Y 6.65294e+06 m| e NS, vae ‘-—‘ oty £ 100% , “‘w D O O u n Otl Ce an th I n
iline [ 278037  ©6:664e+06 Inline 26964.9 A ST aar oty £ 200% 2 N
Crossline | 16623.8 Crossline [ 16200.5 | 1951 % A o ALY £ 4_00% — y ‘\ . A
e | L e . different about the high
— . | ) E e {1 N CHR A Y Z ol
#103:Time | 1.94621s| 0.6526:00 Time [ 1931885 NP E o AN e '\‘ - - oA N
—_——— o = e 8 ’ N o U 2 Zoom to vertical data range TN \.
Volines #1 Ampiitude | = S N B e T T o N an |e response Of th e
# 103 - Top Frigg_Smoothed Pcube+ 3 [ 33 5] 717,00 43.00°7] L é A
» (4| # 893 - Ampl_full_stack 6.66e406- L
» |%| # 962 - Ampl_angle_stacks q .
» % # 1287 - RMS in window (#889) # 1031 - 10_angle_stacks 1.9328F I O F rl eve nt b e I OW
» @) # 1288 - Max. Sample in window (#889) .
» [/ # 1289 - Min. Sample in window (#889) 2.0
6.658e+06-] = ,)
the 1.932s level-
6.656e+06-] L e
2.2} v / 4
. ol et hng o o t'(::" L ."," oy AN pilre
3 b, g 5 o b VY J - .
-l Horizons 6.654e+06- M - Wy e e R A ‘\'Jg/ Ay st Sotmier 5
/4| = Top_Frigg_Smoothed_Pcube+ L ’\ z “" AT v wlz' L
|| == Top_Rogaland_Petrel_Autotrack i . /A 24 M ot » ,,,,, A % ;A ;,. ;‘: q
> el well SR : A TS I dotad, ) "
~ %/ Arbitrary Path 6.652e406_|L—11km ./ s ‘nu.,,~ e . s £ "b‘ \'W
% e feeder . - ) 34 R O o : Al n
® = . ) : e Ay -~ ~ q s o AN e
@/ [= feeder_Locked_iloxl0_2 Histogram W haske e S N Y e ar el o TN
) # 103 histogram R S A e, -*'7 Wt Sy g SA AV
- Volume 2.6 “""‘.‘(L”‘ 57 Sl T ” W A l'vﬂ"‘l
. - 5 .6 - - P —~ ’ = Al J
o Time Horizon histogram /+/# 1031 - 10_angle_stacks |~ SO ;f'.’ N 7N A+ v N
Set as Volume specific histogram le/# 890 - Full_stack . . Dy .- M N ey - v
| # 80 - PL5735_smoothed_interval_velocitie E N Ny ™ NN e TV R - hd
@/# 9 - Raw_NO_Stack < 12
~ l=/Horizon
l%/==Top_Frigg_Smoothed_Pcube+
|w/==Top_Rogaland_Petrel_Autotrack
» e well -
-5000 - 0 5000
# 1031 - 10_angle_stacks | 4= e Seismic Amplitude

1. Inthe Map View, LMB click and drag the end point of the feeder arbline to the NE corner of the map
2. Inthe Stack View, Zoom to horizontal data range
3. Pan through the angles again

62  © Sharp Reflections 2023 The Gathering 2023 SHARP ﬁF LECTIONS




Pre-stack arbline screening - 5

StackView=6/[7 1031 - 10_angle_s

Ej StackView-6 [# 1031 - 10_angle_stacks]

DR 7/ 28keder  Np@a /1 BdD L OODBENYE
~ Cursor Read Out 1126965 27205 27618 27773
World X 452804 m| * 16200548 }‘52.15 : 16420
world Y [ 6.65294e+06m B 5

Inline 26964.9 |

Crossline [ 162005 | s

Angle [

Time [ 1931885

#1 i i 1311.27 |

Angle [ FEf°lmoo. 4300

#1051 0 angle stacks — B

2.0

2.2

I SEGY/

24

12 y

» Masks

~ Volume 2.6
/#1031 - 10_angle_stacks
w/# 890 - Full_stack
= # 80 - PL573S_smoothed_interval_velocitie
@ # 9 - Raw_NO_Stack

&= Top_Frigg_Smoothed Pcube+
w/==Top_Rogaland_Petrel_Autotrack |
» lwWell i

-50
#1031 - 10_angle_stacks | 4= ¢ Seismic Amplitude

2. AP | feeder

N el Bdd L 00D BN

Exercise 5

# 1031 - 10_angle stacks

lect Data

y

» Masks

~ Volume
/#1031 - 10_angle_stacks
w/# 890 - Full_stack
«/# 80 - PL5735_smoothed_interval_velocitie
«/# 9 - Raw_NO_Stack

~ |« Horizon
w/==Top_Rogaland_Petrel_Autotrack

» lwWell

« At 7°, the Top Frigg event is a peak above and below the 1.932s level
« At 43°, the event has all but disappeared or even reversed polarity above the 1.932s level, but remains a

peak below

63
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~ Cursor Read Out 1126965 27205 27428 27618 27773 27857
Toat i 4saso4m| (16200548 | 16218 15 | lege0 | ls40 16179
orld ¥ S ]| RN St T\ N Y
inline — Jeveas] - 5 e\
Crossline 16200.5 | 167 ‘\ \ A\ Way
Angle 43°| NG
Time 1.93188 5|

#1 ismi i . 214896 |

Angle 432 °17.00 .. 43.00 °]

#1031 - 10,

5000 - 0 5000
angle_stacks }0- e Seismic Amplitude

What might this be indicating?
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Adding well control

MapView-3 [Top_Frigg_Smoothed Pcube+]’

EE sz L3408 250 A% M s

z

DE 7/

Z

AR feeder

StackView-6/[# 1031 - 10_angle_stacks] i

2Rl BdD L OO0DBNYTE

27773

Exercise 5

Well 30 _10-2 discovered gas /

~ Cursor Read Out 448000 450000 452000 454000 ~ Cursor Read Out X% Display Crossline 27205 27618
World X | 457982 m | 17 World X 2 [ pisplay iniine 10420 . 5
oy gas condensate in the Frigg
inline | 27971 | 0.008e400y Inline [ 26964.9 |
Crossline | 16199.9 | i Crossline [ 162005 | 16 .I: t'
Trace | 0s] Angle O“ I la |On
oliifoes SEazetiey Time [ 1.93188's|
€3 # 103 - Top_Frigg_ Smoothed Pcube+ ] #1 ismi i [ 1311.27 |
» % # 893 - Ampl_full_stack 1.8
» l&| # 962 - Ampl_angle_stacks Angle » °]17.00 .. 43.00 °]
» [ #1287 - RMS in window (#889) 6.66e+06-|
» 4| # 1288 - Max. Sample in window (#889)
» %) # 1289 - Min. Sample in window (#889) 8 #1031 - 10_angle_stacks 1.93 StackView-6 [# 1031 - 10_angle_stacks]
d 2.0 - = A,
6.658e+06 > ¢pEdd L OO0ODEBN =
| 570015500 1550016000 1610016200 1630016400 16500 16600 16700 15500 15900 17000
1 World X [ 456587 m| S Lk L ! . B
- =
6.656e+06- s ’q World Y | 6.65964e+06 m
1 22 2% 0% inline [ 27578 | 4 4 |
v L S oy
. (’ ’."" 4 \ u Crossline [ 16145.1 |
il bortzons Eeetiey A EGTT pngle
| == Top_Frigg_Smoothed_Pcube+ ~ , it 4
& = Top Rogaland Petrel Autotrack i AT Ay Tme 75
2.4 -4 e 'S P9 - - —
1 .‘;;* "L LMl s #1031:Seismic Amplitude [ 5953.99 | , (|
6.652e+06_] ] e — 2
= 3 G y 14 mlmine 27580 |2 [26650 .. 27950 ]
& == feeder Histogram Ly Ao ] =
> = > Masks ‘_ 72| °|17.00 .. 43.00 ] g

| == feeder_Locked_ilOxI0_2 # 103 histogram

~ Volume 2.6
# 1031 - 10_angle_stacks
890 - Full_stack
\w/# 80 - PL573S_smoothed_interval_velociti¢
| # 9 - Raw_NO_Stack
~ |«/Horizon

TopRoga land_Petrel_Autotrack

e Time Horizon histogram

|Set as Volume spe

togram |

24+

» lwWell

-5000 o
# 1031 - 10_angle_stacks &= e Seismic Amplitude

2.6 1

> y 4

» Masks

§ Edit 30_10-2...
[Ccenerview ] 4
}+4 change visible distance...
< Show Name

-/ Show Tops

In the Map View, open the well list and toggle on well 30_10-2
. In the Stack View, switch back to “Display Inline”

. Toggle on well 30 _10-2
RMB click on well 30 _10-2 and select “Center view”

~ Volume
/#1031 - 10_a
e/ # 890 - Full_st:
|w/# 80 - PL573S |
| # 9 - Raw_NO_
~ = Horizon
|%/m==Top_Frigg_Si

[@l=Ton Ragala \gjshow Top Names
3 FP | Show vertical marker
=30 10-2

-5000 - 0
#1031 - 10_angle_stacks |4=/® Seismic Amplitude

A WN B
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Exercise 5

P

Create a pre-stack well-tie

Interpretation-Processing | KU 5]
1 1 Offset to Angle...
i} Angle to Offset...
¥ PCube Background Model Builder...
{F PCube Inversion... 6
i} PCube+... ‘ ‘ "
@ PCube+ Inspector
4§ Crava Background Model Builder...
4} Crava Inversion...
(4] volumetrics Calculator... 2

[EEwellTie__ ]

45 Multi well Tie QC..

Click the “Logs” tab

Tick “Edit logs™ and accept the default
de-spiking parameters

Click the “Synthetic” tab and ensure that
“‘Near_Angle Wavelet 5-157 is selected
> OK

o

WellTie Configuration

Initialization | Seismic = Logs = Synthetic = Correlogram

3 WellTie Configuration

Initialization Logs Synthetic = Correlogram

Input Angle Seismicl #99 - Fina\fang!eﬁgathsq; ,1 7
"

® Create Session |WellTie 2023-07-31_15:41

Reference Well: 30_10-2 | #

_) Use Checkshot |_EMPTY, |8

30_10-2_ZP_well-tie_TD_table

® Use TD table

1} Generate Synthetic Gather...
1§ 3D Parametric Synthetic Model...

Inline Halflength: 50 &
Crossline Halflength: 50 &
# shuey-Modeled Gathers...

Well expanse: IL[27579.2 - 27579.2] (1),

£} Chi Angle Volume...
¥ Trace Integration...

XL [16428.2 - 16428.2] (1)
) Treat as vertical well

4

WellTie Configuration

g ﬁ:iis‘;-:\li‘nsgc-;lar" Treat as deviated well Initialization ~ Seismic synthetic = Correlogram
A Sculpt... Reference Well:

1 Volume Flattening... #cancel || SOk 13 Apply Log Set: Insitu

¥ Vvolume Unflattening... Vp Log: | 30/10-2 vp_virgin

iCieats Maps, Vs Log: 30/10-2_Vs_Virgin

 Create Interval Maps...

Density Log: 30/10- 2_Density_Virgin_EDIT

4§} Map Cross Correlation...
4 Cross Plot...
% Horizon Tool ...

V| Use Vs log (required for angle gather volumes and non-0° stacks)
v Edit Logs

Mmin. Vp Spike Amplitude:

# Cancel o Ok & Apply

& Horizon Repair Tool ... 50.0 |3 my/s [10.0 .. 10000.0]
& Horizon Deck Tool ...
% Manual Horizon Picker...

44 Wavelet Tool...

Min. Vs Spike Amplitude: 25.0 |3 m/s [10.0 .. 5000.0]

From the top level menu:

6 WellTie Configuration

Min. Density Spike Amplitude: 0.035 | /g/em”™3[0.010 .. 10.000]

Max. Spike width: 5.00 |3m [0.00 .. 100.00] Initialization =~ Seismic Logs Syntheti Correlogram
Blocking Rel. Jump: 0.030 [ [8:000'. 0:995] I Initial Wavelet: | Near_Angle Wavelet 5-15 Lﬂ ébl
Blocking Max. Sampling Distance: 1.00 |sm [0.00 .. 100.00]

v| Calculate results for super-critical angles

» Select Interpretation-Processing
1. > Well Tie...
2. Confirm that well 30 _10-2 is selected
3. Click “Seismic” tab and set input
seismic to “Final_angle gathers”

# cancel o Ok £ Apply

7

3 Canicel £ Apply

rp Reflections 2023
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Customise display settings i

{80202 WelllTie GUI T HEE

— - 1. RMB click in the header of the “Synthetic”

i

™

TEHE K EBEAXNEIE PR S

Active T/D table: <[Al Pl<lvervs — 1l<]
30_10-2_ZP_well-tie_TD_table alc.Al (AcoustidfliCalc VpVs (VpVs|

= 000.00112000.(ff1 30 4.00)
Active wavelet: .

ol E £ ismi i Rectangular Section . .
ACHUEREEE s = 2 = IL: 0 XL: 0 Angle: 30 IL: 0 XL: 0 Angle: 30 iL: 0 XL: 0 Angle: 30 1 IL: 27580 XL: 16428 Angle: 30 t 13 "
ok A e s g raCk and seiecC rac onriguration
Track E 2 = 2, — k' X-Axis: Angle X-Axis: Time X-Axis: Crossline
- racks — by / PenameTrack... 20.00 30 40.00  60.00 27000 27500
Add Custom Track....| | 3] « > 14 Change Track width... - L . 1 1
E b £ 3 5 X 1
o - SO N R IR || et Decimation to
7 |==30/10-2_Vp_Virgin [block £ o

—{30/10-2_Vp_Virgin 0.400

~ l=Vs 400.00
®/==30/10-2_Vs_Virgin [block:
/—30/10-2_Vs_Virgin

~ [=/Rho
+/m=30/10-2_Density_Virgin_E 0.600 & 600.00
/~30/10-2_Density_Virgin_E £

- @Al =
/== Calc.Al E

~ ®Vp/Vs 0.800 ¥ 50000 [ 800.00
“/=={Calc.VpVs E

~ ®/Synthetic

Track configuration...

F400.00

3. Set scaling reference value to 3* Std
Deviation
4. Click the x to close the dialogue box

F 600.00

Volume

E-1000.00

.
AT R S e e v
3

Tops 1.000 - 1000.00 fou
~ Well Tops 4 E 13 - - - 7
g o : epeat 1or tne ell Location seismic
@/m==HORDALAND_GP E 1200.00 "
::g:::_: 1.200 J 1200.00 £ ens
-—Baserc ; ‘Wiggle Settings t rac k
& |==FRIGG_FM E
w/m=Base_D 1460 1400.00: & =iy v Draw Wiggle Outline .
& |==Base_Upper & = T . e ] L] - -
e —=GWC E | v/ Fill Positive Curve .
& |=-Base_Cemented_Zone E-1600.00! 1 1 o "
'« —BALDER_FM 1600.00 [ ] v/ Fill Negative Curve 2 C|
* _:ELE_EM 1.600 E T Clip Distance 10 = .
w/—Base, E | M
wERAOD : | - 7 and use the mouse wheel to zoom into
- - ) 1800.00 | 1800.00 ! 6 I Decimation 2 _I
Dispiay 1.800 5 3 Overlap Right Wiggle .
S REnE the zone of interest
; — S : Smooth sampling every # pixels (0: off) 3 ::
2.000 E =
v Show unblocked logs 2200.00 F 2 00 & surrounding stack traces each side
—— current Well Location —— E s Repeat single trace # times each side 3 |-
Wellhead Inline: 27579.2 (+0) 2400.00 [ 2400.00
) 2.200 A E T e Value
Wellhead Crossline: 16428.2 (+0) E ~ Abs Min
Angle: 30 [2]°] F2600.00 i e
() Abs Max

e 3 * Std Deviation 3

Std Deviation

() User-defined Value
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Exercise 5

PO REESRLEDD /M

— — 1. Scroll through the angle range and

s || 5 8| g s observe the correlogram strength

Add Custom Track....| |8 ; D o

Commpee  feeel At what angle does the quality of the well-tie

i o S start to diminish?
Come o Do you observe the same AVA response at
5 - i Top Frigg in both synthetic and seismic
gathers?

What AVA class do you observe at Top
Frigg?

v Show unblocked logs

——— Current Well Location
Wellhead Inline: 2

7579.2 (+
Wellhead Crossline: 16428.2 (+
it}

1 I Angle: [

0)
0)

Sk |
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¥ PCube Background Model Builder...
F PCube Inversion...

¥ PCube+...

@ PCube+ Inspector

¥ Crava Background Model Builder...
4§} Crava Inversion..

Volumetrics Calculator...

well Tie...
& Multi well Tie QC..
4§} Generate Synthetic Gather...

§F 3D Parametric Synthetic Model.. I

{F shuey-Modeled Gathers...
{F chi Angle Volume...

¥ Trace Integration...

& AVO Scaling...

£ Multi Well Scalar...

£ Sculpt...

£F volume Flattening...

¥ volume Unflattening...
¥ Create Maps...

¥ Create Interval Maps...
4§} Map Cross Correlation...
45 Cross Plot...

% Horizon Tool ...

& Horizon Repair Tool ...
& Horizon Deck Tool ...

% Manual Horizon Picker...
4 Wavelet Tool...

3\

From the top level menu:

Select Interpretation-
Processing

1.

2.

68 © Sharp Reflections 2023

> 3D Parametric
Synthetic Model...
Click the “Log
blocking for Initial
Model” icon in the top
left corner of the
modelling window

The Gathering 2023

P

1D Initial Model

3

3D Parametric Model

Synthetic Setup

TOP LAYER In Situ Simple Elastics
Fill values_| | Calc. Vs/Rho
3 Vp: 1900 2[m/s | Porosity EMPTY |
| Vs: 600 2/ m/s | Pore Pressurefy[r‘{;
Thickness 100.00 |2/ m| Rho: 2.400 [ g/cm™3| Fluid 2 Sat  |EMPTY |
TARGET LAYER In Situ Simple Elastics
L d Fill values_ Calc. Vs/Rho
1000.00 = \ m} Vp: 2615 2| m/s Porosity EMPTY |
Start TWT 1.000 |2 \a Vs: 1270 |3| m/s Pore Pressure EMPTY "
Thickness 100.00 [m|Rho:| 2280 2| g/cm”3| Fluid 2 Sat | EMPTY
Brine sand In Situ Simple Elastics
&z Fill values Calc. Vs/Rho
X | Vp: 2615 | m/s Porosity EMPTY
- Vs: 1270 [+ [m/s | Pore Pressure EMPTY |
Thickness |  100.00 | m|Rho:|  2.280 |2/ g/cm~3| Fluid 2 Sat |EMPTY |
BOTTOM LAYER In Situ Simple Elastics
+ Fill values | | Calc. Vs/Rho
X Vp: 3235 2| m/s 1 Porosity EMPTY |
Vs: 1800 3| m/s Pore Pressure EMPTY
Thickness 100.00 |2/ m | Rho: 2.400 2| gicm~3 | Fluid 2 Sat | EMPTY
v Output Vp, Vs, Rho volumes V| Output RMS volume Output volume size: 10 KB + 4* 904 Byte
Output Al, Vp/Vs volumes Output used axes volumes

Model

<[ | Gather |

Exercise 5

[<[Velocity [>]<[Shear Vel{>[<[Density |j<|Acoustic 1>]<[VpVs Ratil>]

=g . . ' Log (Velocity|flVs Log (Shear VfRho Log (DensitfIlal Log (Acoustic [[iVervs Log (VpVs|
YIE|E ): ) : Synthff}:766.5013368.5([}480.00r1920.00f2.27 g/em- 2.41[}4239.6018084.4(1.61
E g o onged oSl l Log (Vel init.Al Log (A Layers
= Ly Ty P Log (Velolmnit.vs Log (She: Inll.RhoLﬂg(De\I: 09 (ACOUIR it vo/Vs Log
= X-Axis: Angle X-Axis: Angle 1766.5013361 0.00r1920.00[l12.27 glcm- 2,41 |H4232.6018084 4
o 20 40 o 20 40 ]
L L 1 1 L L L 1 1 i K] > ] >
gL £ H B sl[< HHE HH ]
°Ft E £[lE el £flE EflE £
'~[~
R gl !
Stare
SRR
e Gl B
E B TOP LAYE
4 o
s — | L
~fers
E L ‘ ‘ Brine san
=—l =—l el
. . I !
T I f |
8
=
E2

Parametric gather values

No parameter set 0
No parameter set 0
No parameter set 0

Show difference track | £ Set horizontal Plot ranges...

v Show sample readouts M save logs to project...

#cCancel || & skip

¥ Calculate
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Building models from well control {ans)

N e : 1. Select well 30_10-2
, e — 2. Select “InSitu” log set and click the Green + icon
o . HETHE F T fF g EHE AT 3. Choose the “Fixed number of blocks” Blocking Method
Har i SR B and set the Number of boundaries to 4
i § ! g | E 4. Set the Blocking range to 1975-2100m MD
, e LT T FIE[T] " 5. Zoom the display to the blocked interval
R s 6. Set the Time/Depth Tie to “Block 27
5 i /> i ) P E | E L . . 7. >Transfer to Model
LARNEHENE I | {RAT
6 _ =2 1 % F i This creates a 5 layer blocked model around the target
b ””E LSS i ; 1 ol Frigg reservoir — Blocks 2, 3 & 4 lying within the gas
s B é = % T 1= é % - bearing reservoir
T I e e vl S B B B

M Transfer to Model

Does the blocking recognise the cemented zone at the
GWC?
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5 layer blocked synthetic model — In situ

Exercise 5

70 © Sharp Reflections 2023

e EE[ m [1 i@ thel>[<[Velocity |>|<[Shear Vel{>|<[Density ]>[<[Acoustic I|>|<[vpVs Ratl]>
R =|z 7 Log (VeloctyJ]vs Log (shear Vo Log (DensitfAT Log (Acoustic[ivervs Log (Vi oW aoes e ocke maodel response
O] 3 64.84r1760.73 202 g/em 2.47|f4592.0316372.34ffh 5 s
1D Initial Model | 3D Parametric Model = Synthetic Setup . = g SV ok briAl Lo (Aco) Layers
TOP LAYER In Situ Simple Elastics g 2 1658 6912081.7. 5920316372 3" VPVS Log t t h th t A A ’)
[Fivaues]_[cole. vl — compare 10 the syntnetic seismogram:
X Vp: 1952 2| m/s Porosity EMPTY E = E x
I i = = | E E o = oAl (countflion vivs (Vv
| Vs: 573 3| m/s Pore Pressure| EMPTY s E z i o
Thickness 20.73 |2 \ Rho: 2.428 |2| g/cm”3 | Fluid 2 Sat | EMPTY S 2 ° RARN110 Ang: 1%
= = - 8 = X-Axis: Angle
Block 2 In Situ Simple Elastics 2 p.00 1800 40.00  60.00|
s = « 0
LIP3 | Fill values Calc. Vs/Rho | s | zls 7
A— . TOP LAYE 3 _l £ H 3 z
il Vp: 2888 |2 m/s | Porosity EMPTY 1.800 | =000 {
1 Vs: 1653 2| m/s | Pore Pressure EMPTY Eados
Thickness 26.06 2| m|Rho:|  2.108 2| g/cm~3| Fluid 2 sat | EMPTY — ¢
— — loc! i~ 106n nn)
Block 3 In Situ Simple Elastics "l_::t 1931.22 +1955.22|
‘ Fill values, Calc. Vs/Rho Esasnno I
¥ |Start depth| 1998.24 < m | Vp: 2730 2| m/s Porosity EMPTY §_ = VI 1 — ::nr: : 9
A — @ oc! E E
Start TWT 1.902 2[5 | vs: 1587 || m/s Pore Pressure| EMPTY 8 -
A = _ - 1.900 | E
Thickness 5.18 |+| m| Rho: 2.061 |2| g/cm~3 | Fluid 2 Sat | EMPTY 200080
Block 4 In Situ Simple Elastics BOTTOM | 3 - 205000) - # L .
E1v3 | Fill values, Calc. Vs/Rho | |- 2050.00
x| | Vp: 2519 |3|m/s | Porosity EMPTY | ) L
> 3 I - 2100.00)
Vs: 1394 2/ m/s | Pore Pressure| EMPTY 212
| = | — I -3 BB =
Thickness 21.03 2| m| Rho: 2.054 |2 g/cm”3] Fluid 2 sat | EMPTY 3 i ~—
BOTTOM LAYER In Situ simple Elastics L E 2.000 + -2150.00
1ad Workflow (preview) | Fill values | | Calc. Vs/Rho [ [ E 2150.00
X Vp: 2748 2| m/s Porosity EMPTY Tsels 3 I 2200.00) |
Vs: 1358 2| m/s Pore Pressure EMPTY f% f% 2.050 2 N
Thickness 51.36 |2|m| Rho:|  2.265 %[ g/cm~3| Fluid 2 Sat | EMPTY [T
i — — B -+ {- 2250.00
P r > b 2250.00 {
2.100 - 1
Parametric gather values 3 f-2300.00}
No parameter set 0l2] Show difference track | £ Set horizontal Plot ranges... |- 2300.00
- ~ 2350.00|
= No parameter set 0|3 = 0
V! Output Vp, Vs, Rho volumes V| Output RMS volume Output volume size: 8 KB + 4* 704 Byte V| Show sample readouts M save logs to project...
Output Al, Vp/Vs volumes Output used axes volumes No parameter set 0|°
#®cancel || g§,Skip 08 4 Calculate

Change the number of boundaries in the
Log blocking window to 9 and update the
model
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Exercise 5

10 layer blocked synthetic model — In situ

3D Parametric Synthetic Model’

J EE[ 7 & [<[initial T>[<Parametric Gathel>|<|Velocity |>|<[Shear Vell>|<[Density |>|<[Acoustic i[>|<] e - b o
<[el i s el e e o the additional layers significantly alter
Sl= : H [1814.7813464.7' 7.70r1949.27 |l§12.01 g/cm® 2.47| 70.8517705.34|1.55 3.58
1D Initial Model | 3D Parametric Model = Synthetic Setup |8 £ Angle: 0 Angle: 0 Layers
2la init:Vp Log (Vel | i Y A
TOP LAYER In Situ simple Elastics £ E 2[Z| xAxis: Angle X-Axis: Angle I1814.7Bvi464.7 e 'z"g‘l“';‘l’;""gz":s ¥ I'l'“s“s"""’sL"B‘JS‘B ?
b g ey rogpmey [ e TS 2 the modelled Top Frigg response?
X Vp: 1952 3 m/s | Porosity EMPTY T g é E é E E é é ‘E: é
Vs: 573 2| m/s Pore Pressure| EMPTY KN
Thickness 20.73 |2 m| Rho: 2.428 |3 g/cm~3| Fluid 2 Sat | EMPTY F
Block 2 In Situ Simple Elastics 5—_ L a o o o o
¥z What might be giving rise to the change in
: | =f= TOP LAYE
I Vp: 2934 |2 m/s | Porosity EMPTY Bk
= Vs: 1689 2| m/s ‘ Pore Pressure| EMPTY | e b h - f th t th b f
s [ 1052 e[m] o[ aaa s o)z [owrr | i e enaviour o e event near the pase O
lock 3 In Situ Simple Elastics B
£ r ] l [ Block 3 o a
& s | Fill values, | Calc. Vs/Rho r | l I I th b t | b t th t
N . | B 3 |EREE P e gas bearing interval between the two
Vs: 1628 2| m/s | Pore Pressure EMPTY [~ l | | |
‘Thickness 15.39 2| m| Rho: 2.101 |2 g/cm™3 Fluid 2 Sat | EMPTY 5 Block 6 m O d e | S?
e - : [ | I I | Block 7 H
Block 4 In Situ Simple Elastics r T T 1 TICT Block 8
L V2 Fill values | | Calc. Vs/Rho L ,l .I ! T |I ::#Jm
I Vp: 2730 3| m/s Porosity EMPTY 18]
Vs: 1587 |3| m/s Pore Pressure EMPTY | :2
Thickness 5.18 2| m| Rho: 2.061 2| g/cm”3 | Fluid 2 Sat | EMPTY b — | . h | o . f
Block inSi Sinpie Easics i | ry altering the elastic properties o
&) Fill values,| | Calc. Vs/Rho [
L e e Blocks 2-6 to be the same as the Bottom
— | sl s -
Vs: 1354 2| m/s Pore Pressure EMPTY [2[2
Thickness 14.94 2| m| Rho: 2.056 3| g/cm~3| Fluid 2 sat | EMPTY ols[s
fae Layer (copy & paste the parameters)
L 3 Fill values_ Calc. Vs/Rho et ey »

2634
1491 2 7m/5 Pore Pressure EMPTY No parameter set ol: Show difference track O set horizontal Plot ranges...

¥ |Start depth| 2018.67
Start TWT 1.917

m/s | Porosity EMPTY Parametric gather values

soanlal immeanlichidacas [ caanmye

v Output Vp, Vs, Rho volumes v Output RMS volume Output volume size: 8 KB + 4* 704 Byte v Show sample readouts H save logs to project...

e S oo s olumes No parameterset | ol: o - ThlS rep| aces the gas bearing interva|
with brine sand properties

No parameter set 0|3
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Exercise 5

10 layer blocked synthetic model — brine sand

3 EEi m r‘ ;EI <[_In e [<[Velocity |>|<[Shear Vel{>[<[Density [>]<[Acoustic If>] pVs Rau] L] -
2 Y $8 =l B B o Log (Velocity[[[Vs Loo (Shear Vi{JRho Loo (DensitfiAT Log (Acoustic [[lvorvs Lo (V| Oes t |S e eX al n SO [ r l e O t e [ ' la
Sl= E ) ) : sy“th 1814.7813464.7 7.70r1949.27f112.01 g/cm* 2.47 70.8517705.34f]1 .55 3.58
1D Initial Model | 3D Parametric Model = Synthetic Setup Flalz Angle: 0 Angle: 0 Layers
- - - E ol ‘ 3 init.Vp Log (Velolg /o oo isp. {£Rho Log (DefJjMitAT Loa (Acoulg - . - -
TOP LAYER In Situ Simple Elastics = HE X-Axis: Angle X-Axis: Angle 1614 7813964 741 750.—134(9 s g‘,’m“’gz‘ it Il"s‘5 pi= =
Fi vaues,_clevamho p % @ p B — — ana secton opservations 1rrom earlier in
X Vp: 1952 2| m/s Porosi | EMPTY 1 sl sls sl sls 3
X] p L i/ | gle gle gle gle a .
Vs: 573 3| m/s Pore Pressure| EMPTY th e exe rC I S e ?
Thickness 20.73 |2 1 m‘ Rho: 2.428 3| g/cm~3| Fluid 2 Sat | EMPTY | L]
Block 2 In Situ Simple Elastics 2]
LAV Fill values_| | Calc. Vs/Rho o
; ; TOP LAYE
3 vp: | 2586 2| m/s Porosity EMPTY
Vs: 1216 5\ m/s Pore Pressurej EMPTY | 9
i a [ d - | ~ . 3 I I
Thickness 10.52 3| ,"!! Rho: 2.312 2| g/cm”3 | Fluid 2 Sat lEMPTY Block 2 OW H
Block 3 In Situ Simple Elastics
L AP Fill values| | Calc. Vs/Rho
Xl | Vp: 2586 | m/s Porosity | EMPTY S Block 4
1 (el Block 5
Vs: 1216 3| m/s Pore Pressure| EMPTY
Thickness 1539 |2 m|Rho:| 2312 2| g/em™3| Fluid 2 5at | EMPTY | ‘ Block 6
o o : Block 7
Block 4 In Situ Simple Elastics ] T T I Tl Block 8
¢z Fill values, | Calc. Vs/Rho | | | | Rlock 9
1 2 T 1 I 1 I 1 BOTTOM |
X Vp: 2586 = m/s | Porosity EMPTY
[ Vs: 1216 2| m/s | Pore Pressure EMPTY ok
=) ] T w i T
Thickness 5.18 |2 m| Rho: 2.312 3| g/cm”~3 | Fluid 2 Sat | EMPTY =Ltk
Block 5 In Situ Simple Elastics -
L 3 rdl Fill values Calc. Vs/Rho -
I Vp: 2586 | m/s | Porosity EMPTY Tsls
{ e[ Jivs: 1216 |2[m/s | Pore Pressure EMPTY B
Thickness |  14.94 2 m| Rho: 2.312 2| g/cm”3 | Fluid 2 Sat | EMPTY o [R[R
. o o SE—EA
Block 6 In Situ Simple Elastics = E E i
< Fill values_ | Calc. Vs/Rho v
¥ |Startdepth| 2018.67 2| m| Vp: 2586 |2 m/s Porosity EMPTY | Parametric gather values
Start TWT 1917 2s | vs: 1216 2| mys Pore Pressure EMPTY | No parameter set ol Show difference track | 2 Set horizontal Plot ranges...
Lecuiriecie o el TSN B S RPN e Vo B e o . _
V! Output Vp, Vs, Rho volumes V| Output RMS volume Output volume size: 8 KB + 4* 704 Byte v! Show sample readouts K save logs to project...
Output Al, Vp/Vs volumes Output used axes volumes No parameter set 0
# Cancel || f§skip o 4 Calculate |
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Exercise 6

Exercise 6

* AVA analysis 2

« Compute intercept & gradient from mapped amplitude; cross-plot; describe class
« Compute Chi 25°, 50° maps

* Generate angle dependent spectral decomposition maps
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Generate Intercept & Gradient maps

[l el LR GIEES ) Utilities  Workflow v
i} Offsetto Angle...

1 Angle to Offset...

{# PCube Background Model Builder...
¥ PCube Inversion...

i PCube+...

Create Attnbute Maps i

Input Selection

Input Volume

o Use horizon

Use fixed Time

[# 99 - Final_angle_gathers ||| #|

Top Frigg Smoothed Pcube+

Create Atnbute Maps ==

Input Selection
Input Volume
® Use horizon

Use fixed Time

| # 99 - Final_angle_gathers  |g&| #|
Top_Frigg_Smoothed_Pcube+ ¥ ]

Exercise 6

ooooooo
00000 @‘m

—0

Continuing in the Odin_QAI project, from the top level

menu, select Interpretation-Processing

& PCube-+ Inspector Use horizon deck !.. b Use horizon deck !,. b

ﬂ Crava Background Model Builder...

@ Crava Inversion... Map settings Map settings

8] volumetrics Calculator... Create map at: At horizon position Create map at: At horizon position 1 > ‘ re ate M a S

§& well Tie... Ll ==m

§& multi well Tie QC..

g S;npearra::\:tyr':cmsz't:thz‘:lt:zcde\ " s =il e sl 2 . Set I n pUt VOI U me to ] Flnal_ang Ie_g athersu &
horizon to Top Frigg

¥ Shuey-Modeled Gathers...
& chi Angle Volume...

& e rtagTa Instantaneous | Windowed 3-Term Instantaneous | Windowed 2-Term | 3-Term
1 AVO Scaling... 4 13 . kb M

- T 3. Select the “Amplitude” tick bo
g Multi Well Scalar... 3 m 5 . I u e I X

Sculpt... Poisson Ratio Change
N Shear Wave Reflectivity .
4. Click on the “2-term” tab
 volume Unflattening... Hilbert Transform S wave Reflectivity Gardner [}
1 1 Create Maps Inst. Phase Pseudo Poisson Reflectivity
—Iﬂ e "‘ = Inst. Frequency Runs Test . 13 [1] 11 - [T}
reate Interval Maps... NRMSE

e 5. Check the tick boxes for “Intercept” and “Gradient
4 Cross Plot... .

) o o
6. Set the calculation range from 5°-35
% Horizon Repair Tool ... I .00 Lj iﬂ ; WU‘UTI 6 L] u I n r n r
% Horizon Deck Tool .. — —
% Manual Horizon Picker... 9 | ®cancel || g§skip ; 1 calculate 9 [®cancel || gskip } | & Calculate] 7 > ( :al C u | ate
“» Wavelet Tool... . : 7 "
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Exercise 6

View maps

# Data Pool: Odin_QAI@dell37

X[ MapView-3 [Top_Frigg_Smoothed_Pcube+] [EEE]

HE/ L4+ e 08 LLOAY R =

‘ 7 ~ Cursor Read Out 448000 450000 452000 454000 456000 458000

Worldx | 459169m| |
World Y 6.66539e+06 m |

mine [ zaomzz|  ©.004e+06
Crossine [ 1eus9]
Trace .  os]

= 6.662e+06—
Volumes

ihiandover.gas >l

@ # 893 - Ampl_full_stack )
@ # 962 - Ampl_angle_stacks

/% # 1287 - RMS in window (#889) 0.866400y
7| # 1288 - Max. Sample in window (#889)

% # 1289 - Min. Sample in window (#889) -

480}
PL573S_smoothe

Anglg_map
B

6.658e+06-

Min. Sample in Amp = = i - ]

3570 KB 3570 KB

6.656€e+06-

~ |@| Horizons 6.654e+06
|| j==t Top_Frigg_Smoothed_Pcube+
\ws| == Top_Rogaland_Petrel_Autotrack 4
~ (@) Well
%] == 30_10-2 6.652€+06_
~ &/ Arbitrary Path
(| i feeder Histogram
) # 103 histogram

Global Memory: (I 38% Local Memory: 185.026 GB

e Time Horizon histogram

| Set as Volume specific histogram

1. LMB click and drag the 3 new map objects from the Data Pool into the Map View
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LE70 > Al

L& s CROBLLOATE %
- Cursor Read Ot 448000 430000
workd x 51390 m

World ¥ 6655186406 m g oo o0

nline 270816 s

Crossiine 163773

angle £

8 5. seszes0n

# Lassseismic Ampitude s107.21

Volumes o

» 7 # 103 Top_frigg_Smacthed_Pcube+ 6.66¢+06

» #5893 - Ampi_full stack

+ e o6

angle sif
+ @ #1461 - 2 Term Intercept (#99)
- % #1462 - 2 Term Gradient (#99)

- « Horizons
% = Top_Frigg_Smoothed_Peube+

+ @ #1287 - RMS In window {#889)

6638406

Top_Rogaland_Petrel_ Autotrack LR

Mistogram
#1446 histogram
o Seismic Amplitude histogram

Set as Volume specific histogram

10000

Volumes

3
3

3
»
»
3

= Seismic Ampiitude histogram
Set as Volume specific histogram.

10000

| # 103 - Top_Frigg_Smoothed_Pcube+
| # 893 - Ampl_full_stack

| # 962 - Ampl_angle_stacks

| # 1287 - RMS in window (#889)

| # 1288 - Max. Sample in window (#88¢

ES # 1446 - Amplitude (#99)

Sl

Angle 5 %

4

4

4

| # 1461 - 2 Term Intercept (#99)
%/ # 1462 - 2 Term Gradient (#99)
@ Horizons
|| = Top_Frigg_Smoothed Pcube+
|&s| == Top_Rogaland Petrel Autotrack
«| Well
|| =i 30_10-2
«| Arbitrary Path
[%5| i feeder

rp Reflections 2023

+ Seismic Ampitude histogram

Set as Volume specific histogram ™ 1T

146

448000 450000

10000

= Seismic Ampiitude histogram
Set as Volume specific histogram.

ﬁ‘*@u

452000

454000

10000

« Seismic Ampiitude histogram

Set as Volume specific histogram.

448000 450000

10000 fogram

« Seismic Amplitude histogram

Set as Volume specific histogram

448000 450000 432000 454000 436000 &7 > i 53 &
i -

——km
138

~10000 10000 fgram

« seismic Ampiitude histogram
Set as Volume specific histogram.

Exercise 6

AT W TS ree

448000 430000

10000

Describe what you see at different angles

The Gathering 2023

+ Seismic Amplitude histogram

Set as Volume specific histogram

1. Click on the Amplitude map object in the Map View list and scroll through the angles
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Compare Intercept & Gradient Maps

- MapView-3 [# 1461 - 2 Term [ntercept (#99)] l=lES
== P | 3 e e

DR/ Ltl¢a0dLLOoASM =

~ Cursor Read Out 448000 450000 452000 454000

World X 456502 m|

World Y 6.65635e+06 m | e

Inline 27335.2 s

Crossline I 16043 i

Angle 40 °|

—— 6.662e+06—
Time 0s|
#14 ismi i 3426.6 | i
Volumes =
» |% # 103 - Top_Frigg_Smoothed_Pcube+ 6.66e+06-
» %) # 893 - Ampl_full_stack
» |® # 962 - Ampl_angle_stacks o
4 # 1287 - RMS in window (#889)
» [%| # 1288 - Max. Sample in window (#88¢
> # 1289 - Min. Sample in window (#889 6.658e+06-
~ %/ # 1446 - Amplitude (#99)
L NN
Angle a0 2[°
| # 1461 - 2 Term Intercept (#99) 6.656e+06
v # 1462 - 2 Term Gradient (#99
Balln i

~ @/ Horizons
| == Top_Frigg_Smoothed_Pcube+

« == Top_Rogaland_Petrel_Autotrack 6.654e+06
- e/ Well

% = 30_10-2
~ |« Arbitrary Path

0| == feeder Histogram

# 1461 histogram

e Seismic Amplitude histogram

4312.202
-10000

Set as Volume specific histogram

MapView-3 [# 1462

DR/ L4090 LA M=

m Gradient (#99)]

»
» | # 893 - Ampl_full_stack

» || # 962 - Ampl_angle_stacks

» /% # 1287 - RMS in window (#889)
>

>

| # 1288 - Max. Sample in window (#88¢
7| # 1289 - Min. Sample in window (#889 6.658e+06-
| # 1446 - Amplitude (#99)

6.656e+06:

~ @/ Horizons
|| == Top_Frigg_Smoothed_Pcube+

|as| = Top_Rogaland_Petrel_Autotrack 6.654e+06
- e Well B

(| =i 30_10-2 JL——11km
~ |@/ Arbitrary Path

|| i feeder Histogram

# 1462 histogram
® Gradient histogram

histogram

Sét as Volume speci

~ Cursor Read Out 448900 . 450|000
World X [ 447493 m | T r
World Y | 6.65538e+06 m 6.664e+06-]" | *
Inline [ 26968.3 | s
Crossline [ 16668.1 B
Angle 0°]

: ————— 6.662e+06-|
Time [ 0s
# 1461:Seismic Amplitude 28332.2 | o
Volumes =

l#/ # 103 - Top_Frigg_Smoothed_Pcube+ 6.66e+06-|

Toggle between Intercept and Gradient maps in Map View

What sign is the predominant Intercept? What sign is the predominant Gradient?

What is the predominant AVA class?
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Interpretation-Processin
¥ Offset to Angle...
¥ Angle to Offset...

¥ PCube Inversion...
¥ PCube+...
@ PCube+ Inspector

¥ Crava Inversion...

(4] volumetrics Calculator...
i85 well Tie...

{5 Multi well Tie QC...

¥ Generate Synthetic Gather...
4} 3D Parametric Synthetic Model..
¥ shuey-Modeled Gathers...
4¥ chi Angle volume...

¥ Trace Integration...

F AVO Scaling...

£F Multi Well Scalar...

¥ Sculpt...

¥ Volume Flattening...

4¥ volume unflattening...

¥ Create Maps...

¥ Create Interval Maps

¥ Map Cross Correlation...

1 [ ; Cross Pl I

% Horizen Tool ...

% Horizon Repair Tool ...

% Horizon Deck Tool ...

& Manual Horizon Picker...
4% Wavelet Tool...

0 PCube Background Model Builder...

ﬂ Crava Background Model Builder...

~ Cursor Read Out

x|

60 80

Al

Add Plot
Volumes
& Volume Axes

& Wwell Logs
# LFCs

Select input for cross plotting velumes

X Axis: # 1461 - 2 Term I'ntercep[ﬁ |

Y Axis: | # 1462 - 2 Term Gradient| ]

‘
Histogram

_ Volume specific
‘@) Content specific

|Set as Content specific histogram 10

v Skip hard zeros

Texture: | &

[®

Whole Trace (No window)

Show axis details

iﬂcancel

From the top level menu, select Interpretation-Processing

. > Cross Plot...
. In the Cross Plot View, click Add Plot > Volumes

. >0K

o# 4 iy

@/ P

ross-plot

0

Cross Plot Window! T

B -0 -

- Cursor Read Out
Seismic Amplitude

Generic

-14019.2
323793

vs. Seismic Al
Seismic Amplitude
[}

—1‘5(](]0 —109(]0 —SqOO

#1515:CrossplotDensity [ 0]

= = @] #1: # 1461 - 2 Term Intercept (#99) vs. #|

[4,Add Plot

X Axis:
Y Axis:
V' Skip hard zeros

Texture:

| #1461 - 2 Term Interce| 2| #

#1462 - 2 Term Gradie || | #

[®

: Whole Trace (No window)

Visible points: 171962 (75.26% of 228501)

30000

Units don’t match! X

Trying to set aspect ratio to 1:1.
This could lead to an unexpected display

6

Gradient

-10000—

-20000—

-30000—

]

Histogram

_ (1) histogram

8 Crossplot Density histogram

|Set as Volume specific histogram | 0 5

1
2
3. Select the Intercept map for the X Axis, Gradient Map for the Y Axis
4

Exercise 6

5. Click “Reset aspect ratio to 1:1” icon
6. Click “OK” in pop-up dialogue box
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Exercise 6

ooooooo
00000 @m

—0

Intercept & Gradient cross-plot analysis s

e T o Remembering our hydrocarbon fluid effect on
' ' ' I-G crossplot, we can use different techniques
to screen for fluid effects at top reservoir

horizons
E 1=
q_) 2 20000
3
=
O C‘I?s 3
g -40000 ; :
3 & 5 |
X N 3&0 1
© V4 5 s |
-60000—‘ ; ; -
Intercept Histogram :
(1) histogram
Typ|Cal hydrocarbon e Crossplot Density histogram : :

Set as Volume specific histogram 0 5 10

/ saturation effect in clastics
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Cross-plot polygon masking

& Rlot Wildow 1

Cross Plot Window! T

Exercise 6

w w
- - B - - ¥ - ~ B - + -
Dt et P-%-%-04 Dot w e’/ P-%-5u-05
T SuEsorRead oot vs. Seismic Al ¥ SuEsorRead oo Gradient vs. Seismic Amplitude
Seismic Amplitude -16134.3 Seismic Amplitude Seismic Amplitude 33574.6 Seismic Amplitude
Generic -16021.5 200 Generic -28653.8 20000 0 200
L I
(03 = &% @ #1: # 1461 - 2 Term Intercept (#99) vs. #| 20000y #1515.Crossplot Density | 0 20000 - --
=1 ] #1: # 1461 - 2 Term Intercept (#99) vs. #|
|4, Add Plot == 1
] e & B ] 5L |4, Add Plot e e
X Axis: #1461 -2 Term Intercel 2 | #] 2 0000 | [ Show sampling grid when zoomed in o : £ 0000
o ‘; T § whoa ¥ Show grid X Axis: [# 1461 -2 Term Intercelga [ #| § 20000
¥ Axis: #1462 - 2 Term Gradie &/ | #| © - , : [G]
Rl Set background color Y Axis: #1462 - 2 Term Grame‘s [
V| Skip hard zeros 4 : Show crosshairs R 4
Texture: [ [ . | v/ show zero levels - &
B3 -40000-] Create Chi Angle Overlay & 40000
; Create Vertical Rotation Overlay
7% Whole Trace (No window) | Create Mask Polygon I Y ol T e i) |
Ve Roints: 1718021070 207 dhzzeaol] | e b Ll b i) Visible points: 171962 (75.26% of 228501)
-60000-] - 60000 - -~~~
] ]
Histogram Histogram
(1) histogram (1) histogram
‘@ Crossplot Density histogram ‘@ Crossplot Density histogram
| Set as Volume specific histogram | 0 5 10 | Set as Volume specific histogram | 0

1. RMB click in the cross-plot area and select “Create Mask Polygon”

2. LMB click and drag the polygon corner points to include possible hydrocarbon affected
points within the polygon area
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Exercise 6

MapView:3/[# 1518 - CrossplotMask # 1461 - #1462]

Lz L4 ¢ a0l rioA¥E =

- ~ Cursor Read Out 448000 450000 452000 454000 456000 458000
worax | assam 17
_— world Y 6.6572e+06 m . Jr—s
Inline 27289.5
Crossline 16311 1
Angle __0
: 6.662¢+06-]
Time
Yodi Al@ iew- = i __
Data Pl Odin Snl@slET Bl - - MapView-3 [# 1462 - 2 Term Gradient (#99)] N 291 1
T IL (o 45 R s
=0 o EE 72 L4+ 14 0B LHO0AYNA = Volumes
RaWiofset gatht [BERAWL Ampl.Raw_NO.S| | PL5735_smoothe | iW_angle gathers S ~ Cursor Read Out | 4480000 F450000,5 4520007 SA540005 SS6000/, ASE0000, :mi ;g:iXcrw"pﬁlF;lug‘?;sthiuthedqube+ 6.66e+06
& TEME World X . 448327 m| N 3T 7 w | full_

l » %] # 962 - Ampl_angle_stacks i
World Y 6.65606e+06 m U » %) # 1287 - RMS in window (#889)
L = aisnaciia ) | » () # 1288 - Max. Sample in window (#889)
‘Arigle map Bl o=the s| [ entinyer biitie il 2704439 | s » | #1289 - Min. sample in window (#889) 6.658¢+06-
Ree = - Crossline 16629.6 J - » %] # 1446 - Amplitude (#99)
S8iCE (EGE —_— » %) # 1461 - 2 Term Intercept (#99) 1
jandle e Wl » 4| #1462 - 2 Term Gradient (#99)
Time [ 0 iROSEAEE
Hard_over_gas Soft_over_gas Soft_over_brine | 4 angle_stacks Full_stack #1462Gradient | 28655 | 1 W] [ | 6.656e+06
3054 MB
Volumes = q
# 893 » %/ # 103 - Top_Frigg_Smoothed_Pcube+ 6.66e+06-  Ton Frigg Smoothed Peubes
Ampl_angle stac | 10_angle stacks | Amplitude (#889 RMS in window (s Nl i # B3 - Ampl il stack = ToR Frigg ; »

» |%| # 962 - Ampl_angle_stacks
» [%| # 1287 - RMS in window (#889)
» [%| # 1288 - Max. Sample in window (#88¢

== Top_Regaland_Petrel_Autotrack 6.654e+06
893 KB I

= 30_10-2 4

o i _;_;"_ﬂlﬁ». sample in window (#889 6.658e-+06-] Bﬂ.'it‘rfarvd Path Mistoararm
Min. Sample in | | nintercept (#99) n Gradient (#99) ™ # 1“‘45‘-AmPIItUd€(¢99) = feeder i og .
3570 KB 893 KR 0®, S ln () #1518 histogram
Angle | 40 ® Mask histogram
> N # 1461 - 2 Term Intercepk {#99) _ ©.0266400 g | set as Volume specific histogra
| # 14622 Term Gradient (#99) | -
Bellnl %

~ @/ Horizons
| = Top_Frigg_Smoothed_Pcube+
|| =/ Top_Rogaland_Petrel_Autotrack 6.654e+06-
-l Well

vs. Seismic
Seismic Amplitude
0 20900

Global Memory: (NG 38% Local Memory: 185.026 GB

1. LMB click and drag the new “CrossplotMask” object from the Data Pool into the SR B

Map View. Where to the mask points lie relative to structural closure? ]

2. Drag the corner points of your mask polygon around and observe the impact on N ' ‘
the polygon mask in map view (this is interactive) | [5 e v v

v| Update Mask Volume dynamicall

Finish Editing

3. When you are happy with your polygon, RMB click in the polygon > Finish i —
Editing G

® Crossplot Density histogram

Set as Volume specific histogram

0 5 10
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Chi Angle volume generation (weighted stacking) —.

vs. Seismic i Gradient vs. Seismic Amplitude Gradient vs. Seismic Amplitude

Seismic Amplitude Seismic Amplitude Seismic Amplitude
20?00 i 40?00

20([)00 . 40(])00

20000 20000 20000 -~ cne- ees R e

i i
o il o oo oo - N ). .o eed | @ 20000 - - - - - - - - - - - X N Y. < _ - oo e o]
= -20000 = 20000 20000
& & &
(5] (5] (5]
se Set bac ckground color : :
-40000— - - - - { || Show crosshairs -40000~ 40000 - - -/~ - -~ R R S o ERARE
v_Show zero . .
i 1 Create Chi Angle Overlay i i i i i
Create Vertical Rotation Overlay . : .| Label: : . | Label:
Create Mask Pol : . : 2 ; i R :
60000 - - - - Yg - . i .. | Line length: |1000 = | S i - ;.| Unelength: {1000 ) (.. . ..
Create Regression Po Iyg B ; iy !
b 4 2 |_angte: 25.00 B b 4 Angle: 50.00 AL 3
Histogram Histogram Histogram
\Jilibioneam \Jilibioneam Calc Chi angle volume (1) histogram | Calc Chi angle volume |
ssplot Density histogram e Crossplot Density histogra e Crossplot Density histogran
Set as Volume specific histogram 0 Set as Volume specific histog} ific hi:

e — Set as Volume specific histog| e —

-

RMB click in the cross-plot > Create Chi Angle Overlay

Scroll through the Chi angles until the axis is perpendicular to the background trend (c. 25°) — this should provide
the best angle with which to determine fluid effects

> Calc Chi angle volume

Change the Chi angle to 50° - c. Connolly’s theoretical angle for Poisson’s Ratio

> Calc Chi angle volume

N

ok ow
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Exercise 6

Chi Angle volume generation (weighted stacking)

‘@ Data Pool: Odin_QAI@dell37 [GIE3)

]

pView-3 [# 1518 - C P # 1461 - # 1462]

EEz L3¢ 08L,loAdm=
~ Cursor Read Out 448000 456000 458000
World X ] 3 o

‘ World Y
i

#11

‘Ampl_Raw_NO _

{::180)
PL573S_smoothe

Raw_offset_gathe | Raw_! ‘w_angle_gathers

6.664e+06-
Inline

Angle_map .
z Crossline

Angle

: ————————— 6.662e+06-
Time 0s

#1518:Mask | o]

Volumes

%/ # 103 - Top_Frigg_Smoothed_Pcube+ 6.66e+06-
# 893 - Ampl_full_stack

# 962 - Ampl_angle_stacks

# 1287 - RMS in window (#889)

# 1288 - Max. Sample in window (#889)

# 1289 - Min. Sample in window (#889) 6.658e+06-
# 1446 - Amplitude (#99)

# 1461 - 2 Term Intercept (#99)
# 1462 - 2 Term Gradient (#99)

| &3 # 1518 - CrossplotMask # 1461 - # 146

RN 6.656e+06-

—> ]

~ || Horizons

& == Top_Frigg_Smoothed_Pcube+

| == Top_Rogaland_Petrel_Autotrack
- e Well

|| == 30_10-2 ]
~ [/ Arbitrary Path

| feeder Histogram

# 1518 histogram

“Min. Sample in

3570 KB

»
>
»
>
»
>
»
>
»

CICICICIEICICICIE)

Global Memory: (MM  38% | Local Memory: 185.026 GB

6.654e+06-

® Mask histogram

Set as Volume specific histogram |

1. LMB click & drag the two Chi angle map objects into the Map View
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25° Chi Angle map

Exercise 6

> MapView-3 [# 1520 - Chi angle volume(# 1461, # 1462): 25°] = @ - MapView-3 [# 1520 - Chi angle volume(# 1461, # 1462): 25°] = @
" i P = | § r7a e ,, iL g r-a e r L2 I r-a e
DR/ L+ ¢ a0dLlLOAd W= g7z & BOBLLOAYW = DE/Z 54908 L Oo0AdR:
~ Cursor Read Out 448|000 450|000 452900 454‘000 . 456|000 458|000 ~ Cursor Read Out 448000 450000 ~ Cursor Read Out 445‘000 . 450|000 . 452900 . 454‘000 . 456‘000 458900
World X [ 17% S R Sy T World X b World X 447966 m 1 A ek
i ssseserosm)
World Y [ 6.65923e+06 m | 6.664e+06-" =y E > World Y 6.664e+06-" Wworld Y 6.65626e+06 m 6.6642406-"
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1. View the 25° Chi angle map

2. Place the cursor in the centre of the histogram and use the mouse wheel to compress the colour bar
3. Toggle between the Chi 25° map and the CrossplotMask map

Do the two approaches identify the same potential fluid effects?
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50° Chi Angle map

- MapView-1 [# 1463 - Chi angle volume(# 1403, # 1404): 50°]
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1. View the 50° Chi angle map
2. Toggle on the object histogram
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3. Toggle between the Chi 50° map and the Chi 25°
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Exercise 6

What differences do you observe
between the maps?

How would you interpret those
differences?
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Spectral decomposition

Spectral Decomposition is a method employed to aid in the
interpretation of seismic data by improving thin bed resolution
and showing temporal bed thickness variability.

448|000 450000 452000 454000 456'000 )

458[000 )

6.664e+06-

6.662e+06—

The combination of discrete frequency volumes through RGB
colour blending is the most common visualisation technique
employed to identify geological bodies. The selection of
appropriate frequency bands depends on the range of

e, A thicknesses of the target geobodies; higher frequencies
%" L e N T selected to detect thinner bodies, lower frequencies selected
S (P to detect thicker bodies.

6.66e+06-

6.658e+06-

J \ Applying spectral decomposition to pre-stack data volumes
B L L L Is another method whereby lithological and fluid effects may

be discriminated
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Angle dependent spectral decomposition

- MapView-3 [# 1521 - Chi angle volume(# 1461, # 1462) : 50°]
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Exercise 6

Click on the “Spectral
Decomposition” icon in the
existing Map View

Select “Final_angle gathers” as
Input Volume

Set Angle to 10°

Set Horizon to Top Frigg

> Keep

This generates a spectral decomposition map at the Top Frigg at an angle of 10°
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Exercise 6
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Angle dependent spectral decomposition
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. > Keep

This generates a spectral decomposition map at the Top Frigg at an angle of 50°
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Exercise 6
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Angle dependent spectral decomposition

MapView=3'[Color Blending: # 1544 - Spectral Decomposition(# 1031) - Amplitude]

D e o — 1. Click on the “Redistribute Markers™ icon

sen 2. Select “between: min and max skip outliers”
- =] T o

= 4. Toggle between the 10° and 50° angle spectral

decomposition maps
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What differences do you notice between the two maps?

| How do you interpret those differences?
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