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This tutorial uses the project 4D _Tutorial _Leiden

Seismic:
« Multi-vintage fullstack volume before alignment,
— 6 vintages (1009, 1012, 1014, 1016, 1018, 1025)
* Angle-stack, Multi-vintage volume before alignment
— 3 partial angleband stacks
— 6 vintages
« Multi-vintage relative acoustic impedance inversion
— 6 vintages

Timeshift estimation

Horizons (map extractions):

» Top reservoir: 03_TopReservoir

» Base reservoir: 05 IntraResShale
4 Wells (for orientation only)

Fault polygons (for orientation only)

Map polygons (for surgical cross-plotting)
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Exercises:. Time-lapse timeshift estimation,
correction and interpretation

Learning goals

Using time-lapse timeshift estimation and correction tools

— 3 algorithms: NLI1D, timeshift.simpli and cross-correlation
— QC timeshifts and aligned volumes
+ Use of timeshifts to correct for production-induced misalignment of reflectors

— Align multi-vintage fullstack volumes
— Align gathers using timeshifts estimated from multi-vintage fullstack volumes

« Tips and tricks and (somewhat) hidden features in the timeshift estimation tool

« Use of timestrains as a 4D attribute
— Plotting timestrain as overlays to 3D volumes or 4D volumes
— Map-display of reservoir timestrains
— Comparison of maps of (i) timestrain and (ii) change in acoustic impedance between vintages

© Sharp Reflections 2023 21 October 2023 SHARP REFLECTIONS




Exercises:. Time-lapse timeshift estimation,
correction and interpretation

There are 6 exercises
» The first part of Exercise 1 is mandatory

« The second part of exercise 1 and all other exercises are optional, and can be done in any order
(or skipped)

The last chapter (Background to timeshift estimation) is included for completeness. If you are new to
time-lapse timeshifts it may be helpful to go through the slides

4 © Sharp Reflections 2023 21 October 2023 SHARP REFLECTIONS




Outline

1. Exercise 1 (p. 6ff): Timeshift estimation using 3 algorithms (NLI1D, cross-correlation, simpli.timeshift)
— Time alignment of base- and monitor surveys
— Estimated timeshifts and timestrains

2. Exercise 2 (p. 27ff): Correcting time-shifts in pre-stack data
— Applying timeshifts estimated from full-stack volumes to pre-stack volumes

Exercise 3 (p. 34ff): Using overlays to co-visualize timeshifts/timestrains and 3D/4D seismic data
Exercise 4 (p. 40ff): Tips and tricks using the timeshift estimation tool

3
4
5. Exercise 5 (p. 47ff): Timestrain maps as a 4D attribute, and comparison to acoustic impedance change maps
6. [Exercise 6 (p. 54ff): Crossplotting timestrains and acoustic impedance differences

.

Background (p. 61 ff)
— Causes of production-induced timeshifts
— Estimation and correction of time-lapse timeshifts
— Interpretation of time-lapse timeshifts

‘ 2023 21 October 2023 SHARP REFLECTIONS




Timeshift estimation

3 algorithms:
NLI1D, cross correlation, simpli

Learning goals
* Time alignment of base- and monitor surveys
« Estimated timeshifts and timestrains

6 © Sharp Reflections 2023
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—
Load required data to Data Pool

( HilE Marnagen: 40 Tutarial] Leit
=l
7 [ekamemis see
240 Files: 4D Tutorial Leiden [<1[ properties |
g '. Conditioned_Partial_Angle_Stacks_Aligne...
‘ PseudoGathers-CondAngle
€ B stedMonkor V5 hngle Load data from disk to memory (“Data Pool”)
Intercept V&
|: 1 B ercept
w B Gradient V6
‘ Conditioned_Partial Angle_Stacks pry— »
258 B Funstack vi012 1. LMB tO Open Flle Manager y
- JB WellTie X1_Synthetics “ . ” “ . . ”
= V) B stack vimanes 2. Select “Stack _6vintages” and “NearMidFar_6vintages
2 ¢ : - —
W ‘ NearMidFar_6vintages
< B shifted_Monitor.simpli 3. LMB
13 ” H [13 ”»
4 B shified Monior NLID 4. Select” to load selected files to memory (“Data Pool”)
B shifted_Monitor. XCOR
% 4 W velocities [7]
% 3 Load Multiple Vol urmes
ig v File Inline Crossline Fold Secondary Fold Trace Size Content
» W seismic AMS [1]
.' e 1139 .. 1299 [2] 1750 .. 2200 [2] - 1009 .. 1025 [irreg] 2000.00 .. 3000.00 ms [4.00] Seismic Amplitude
£ ’ : SHnfiedty teasnes 3 NearMidFar_6vintages 1139 .. 1299 [2] 1750 . 2200 [2] 12.50 .. 35.00 ° [irreg] 1009 .. 1025 [irreg] 2000.00 .. 3000.00 ms [4.00] 315500 MB  Seismic Amplitude
» @ Densities [1]
’ = | v ] g other (41
‘ ' W Horlzons and Maps [13] [] Datais padded [] Data is omitted [] selection/Content is empty [] Axis is ignored
- e )
N ? Wavelets 2] Modify Selection Memory Information
i ji PE LN Welisiand Lo (457121 Set selection to: (@) Original size (Reset) Size of Selection: 420.667 MB
| v Available Global Memory: 184,300 GB
o® » || @ 2D Lines and Arbitrary Paths [ [_) Same as file: |~.
13 w Paolygon Selections [4] ¢ _ Same as volume: ¥ | ; _-"6
#| » @ seed points [7]
i () Custom...
‘ I w_ socatEn el ) () Intersection of all files
ﬁ [ Union of all files

| of roply |
© Sharp Reflections 202:  ®cancel || Bserect SHARP REFLECTIONS




— Exercise 1

Three timeshift estimation algorithms:
NLI1D, cross—correlation and simpli

Task:

Run all three algorithm to create

» Time-lapse timeshift volumes

« Timeshift corrected multi-vintage seismic volumes

* Timestrain volumes

Note:
You are not required to use all three algorithms, and you can skip 2 out of 3 runs.
All three algorithms are shown to see the algorithm parameters, and to demonstrate that similar

guality of time aligned seismic is achieved.

8 © Sharp Reflections 2023 21 October 2023 SHARP REFLECTIONS




Exercise 1

Execute timeshift estimation using three different algorithms

1. “Processing” > “Time-shift Estimate”.

2. Use “Stack_6vintages” for both Monitor and Reference volume

3. Vintage selection for Monitor and Reference volume, respectively
4
5

Timeshifts:
NLIlD

4 |[nLiiD

Algorithm selection: NLI1D
Parameter selection for specified algorithm (Test “Constraint Level” using [0.1, 1.0, 10.0, and 100.0]

and observe, also test using options for “Time smoothing type”)
Output selection. Select “Shifted Monitor” and “Timestrain”
Calculate to run algorithm on full volumes

o

~

- |

Estimation Parameters ‘ - =
Monitor vulume:l #7 - Stack_6vintages [2][#| | 1500 T 2000 oa .
) : B : inline | 1233 _E\ )
Time smoothing type | Second vertical derivative - | S T
) - Vintage 1016 3 |
Constraint level | 10,000 |' | () Apply existing Timeshift Volume:
[l [#
Extra diagonal welghtS | U.Dﬂﬂ |: | (@) Estimate from Reference:
! Reference (Baseline) Selection
2 I#7-Stack_6vmtages I 7\\/}
Conwvergence criterion | Increasing residuals - | v tock vintage | 1012 2
Mumber of lterations | 10 |: | (nuzo &
- | Time smoothing type

Pre-scaling

AGC Time window length |

| Using AGC

200.00 |2 ms |

Monitor

Observed Time-shifts

Monitor-Reference

Shifted Monitor-Reference

Constraint level
Extra diagonal weights
Convergence criterion
Number of Iterations
Pre-scaling

AGC Time window length

Increasing residuals

Using AGC

200.00 :\;“

wh \
Timeshift Lateral smoothing /
Inline Direction: 3/2]0-151 f ' J. Vi / W
2 J \
Crossline Direction: 3 3[0-15) f 7 ! I t' / i/l
A ‘ / AR ’/)I "MMM N B Al J
Outputs 3000 4s i~ o " T . o X \ A <000 o Seismic shift Strain
Timeshift Lateral smoothing Y I TImesstrab Read Out: Read Out: Read Out: Read Out: Read Out: Read Out:
| Shifted Monitor Convergence QC n
A . = - 6 \ x| 1844 |3
Inline Direction: | 3 |' |[D - 15] | Paramet ters | Preview | Display mode sy v/ Lock to locatio }i
. : : - \ #m & (oot
Crossline DIr‘ECtIDI‘I:l 3 ...|[I:]l- 15]

© Sharp Reflections 2023
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Execute timeshift estimation using three different algorithms
1. “Processing” 2 “Time-shift Estimate”. Or in data pool, RMB on output from previous run “Edit copy ...”
. . 2. Use “Stack_6vintages” for both Monitor and Reference volume
I I m eS h IftS " 3. Vintage selection for Monitor and Reference volume, respectively
. 4.  Algorithm selection: Cross correlation
5. Parameter selection for specified algorithm. Again play with algorithm parameters and think whether
‘ ro S S CO rre I a‘tl O n you can see expected behaviour in preview. Discuss with whoever is close-by
6. Output selection. Select “Shifted Monitor” and “Timestrain”
4 |Cr{:ss Currelatlnnl = 7. Calculate to run algorithm on full volumes
Estimation Parameters Monitor ‘""""":I # 7 - Stack_6vintages \i‘lj‘ 2000 1:2::“”““":0’:: s:a‘::d "'°"":;T' eeeee 4 -:Eismic:mpmuzde 4
i = e o - L % T 1 ‘| . (e [y e .| " L I_zooo Lalaaiala Lol ol
Window Length | 120.00 |2 || ms |[4.Du .. 1000.00] ) , e <t
Vintage | 10 16 3 ‘ W Shifted uoan>
Lag | 24.00 |3 || ms |[4_nu .. 200.00] BT =
#|# . <>
Threshold | 0200[3| (0000 .. 1.000] S — 5
B — 2 #7 - Stack_6vintages | <
5 Taper type: i Kaiser - i V! Lock Vintage 1012 3 <>
Beta | 7 |= | |t Conreaion = - 2400 ;
SR 71’<>* >
cmf'cmlﬂ‘thﬂ AVEmﬂfﬂg — Window Length | 120.00 :\mu.oo.. 1000.00] < 2]
3 Lag | 24.00 ':\@[4.00 ..200.00] 3
Inline Direction: | 1 |= |[D - 15] Threshold [ 0200[|  [0.000..1.000] E
Crossline Direction: | 1 |: [[0-15] - R Ll
Inl D;mo 1/%/10-15) <‘E>
Crossline Directi 1[3]10-15) >
,<<>
2800 > >
T hift Lateral thil | , E>
Inline Direction: 3 3’3[07151 <
ine Direction: 3/2]0-151 4
- ‘[ 3000— 41 ‘ n \ ‘ I ’ ! /3000
Timeshift Lateral smoothing v V] Time-strain Read Out: Read Out: F:ead out: Read Out: Read Out: Read Out: |
1 6 | Shifted Monitor Max Cross Correlation . rrpn e
iline Direction: | 3 [2]10-15) . mmmmmm —
Crossline Direction: | 3 [2/[0-15] om0 (bomen] T

10 © Sharp Reflections 2023 21 October 2023 SHARP REFLECTIONS




Timeshifts:

simpli

| simpli | -
Estimation Parameters

Spline Order | 3.000 |:_| [1.000 .. 10.000]

Timeshift resolution | 0.500 |:| [0.000 .. 1.000]

Harizontal smoothing | 0.010 |:| [0.000 .. 1.000]

Vertical srnoothing | 0.020 |:| [0.000 .. 1.000]

Max. iteration solver |

100 |4/ [1 .. 10000]

Scaling |

30.000 |:i [0.000 .. 100.000]

Mormalization
Correct 4D noise

Multi-vintage constraints

i Using abs. average - |

Inline overlap |

15 |2/ [0.. 1000]

Crossline overlap |

15 |4/ [0 .. 1000]

Timeshift Lateral smoothing

Execute timeshift estimation using three different algorithms

“Processing” = “Time-shift Estimate”. Or in data pool, RMB on output from previous run “Edit copy ...”

1
2. Use “Stack_6vintages” for both Monitor and Reference volume

3. Vintage selection for Monitor and Reference volume, respectively
4.  Algorithm selection: Simpli

5

Parameter selection for specified algorithm. If you set “Spline Order” to 1 (Default=3 is good), it is easiest
to see how the algorithm works. Results will be suboptimal. Ask if you are interested.

o

Output selection. Select “Shifted Monitor” and “Timestrain”
Calculate to run algorithm on full volumes

~

Inline Direction: |

2 |[o-1s]

Crossline Direction: |

3[$/10-15]

© Sharp Reflections 2023

— Observed Time-shifts  Time-strain Monitor-Reference Shifted Monitor-Reference Seismic Amplitude
Monitor ‘"""'“:I‘ ¥ 7-Strck Gvintaoes [z 1I #| 1800 2000 1800 2000 1800 2000 1800 2000 4 2 0 2 4
= = 1 1 1 T | 1 i (e B 1 Qi ] B TP B R
Inline 1233 |3 7 H 2000
: | i W Monitor
Crossline 1846 |3 wal W Heterende <>
| >
1 W Shifted Monitor,
Vintage o
z 1016 3 ol ) (
| Apply existing Timeshift Volume: e ?
[#] |2 'y <
A
(®) Estimate from Reference: " ! vy o <>
) ]
Reference (Baseline) Selection WY \ Z
# 7 - Stack_6vintages ] <
v vimase [ 1012 || 3 >
Time-Shift mérrmoar <
| simpli > >
- 2400 )
Spline Order | ..10.000] &
Timeshift resolution | ..1.000] 3
Horizontal smoothing | ..1.000] E
Vertical smoothing | ..1.000]
e 12600
Max. iteration solver | 100 |2/ [1..10000] | p
Scaling [ 30.000 |2/ [0.000 .. 100.000] =
20100 <f__':>
Normalization | Using abs. average v | <>
Correct 4D noise <
Multi-vintage constraints =P
Inline overlap [ 15 [/ (0. 1000] " 2800 - e =
Cro: overlap | 15 |2] (0. 1000] f E
N [>
Timeshift Lateral smoothing W ! g
Inline Direction: g |2)0-15) NITACH N <
' . = AN Mo, P
Crossline Direction: 3 [2[0-15) w '," il LN i
/ ) ' \ A ), /}r Ny W
V4 . WY ) DR VIE
Outputs 30004 = 5 b Y B¢ S 7] o S ] Tl 113000 ® Seismic ) shift Strain
Vi V] Timeeatrain Read Out: Read Out: Read Out: Read Out: Read Out: Read Out: [ |
V| Shifted Monitor Convergence QC &l | A |
l | XL | 1844 3|
1 | 7 315 | - =
Parameters | Preview | Display mode v : A e . Goe b : iy . 17 V! Lock to location ]
| ®cancel 3 £ calculate | 7

21 October 2023
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—
Organize data pool after timeshift calculations

Data Poolidal) Course. Glesn@del |12

Note:
: ).,'» Edit algerithm parameter... You can Sklp thls Step
& Edit copy.. All data are saved to project, and can be loaded

Bename...

#

RelativeAl_6vinta

#7 Rerun algoritom... from using file-manager
Select with sibling volumes
Insert separator before this volume Org anize datapOOI
ﬁi Create Subvolume...
48 save Volume to Project... 1. RMB on a tile, “Rename” to choose a new name
(@) show volume Information. . 2. RMB on a tile, “Insert separator before this volume” to

@ Show Volume History... insert Sepal’ator

5h E ded Vol Statistics... . .
Y SSiow Exfcodes{ St Rtk on 3. RMB on separator allows assigning a name to separator

== Show in Map...

@ Show in Top PreStack Viewer...

<~ Show in Top Stack Viewer...

ﬁ Show in Stack Viewer...

!li Show in Data Comparator...

i Show in Gather Viewer...

Global Memory: | 0% E Show in 3D Viewer...

o® Create workflow from this volume...

E Delete Volume

© Sharp Reflections 2023 21 October 2023 SHARP REFLECTIONS




— Exercise 1

Three timeshift estimation algorithms:
NLI1D, cross—correlation and simpli

Task:

Investigate the differences in time-aligned monitor volumes and estimated timeshifts/timestrains using the
three algorithms

Observations you will make:

« The differences in estimated timeshifts and timestrains using three different algorithms can locally be quite large (in
terms of percentage differences), yet the time-aligned seismic volumes are quite similar

Question:
« What does this tell you about how to interpret timeshifts and timestrains?

«  Will this affect how you
— Estimate timeshifts for alignment of base- and monitor surveys?

— Estimate timeshifts and timestrains for use as time-lapse attributes?

13 © Sharp Reflections 2023 21 October 2023 SHARP REFLECTIONS



— Exercise 1

Comparison of timeshift-corrected seismic and
estimated timeshifts from three estimation methods

Data Pool: 4D Cotrse Glesn@dell 12

Using “difference-in-viewer” in “Stack Viewer”, compare the
outputs from three different methods of timeshift estimation and
correction.

RelativeAl_6vintages

For ease of finding data, | have renamed the volumes (RMB on
data in data-pool, and “Rename”), and | have inserted
separators (RMB on data in data-pool, and “Insert separator

Skl il before this volume”)
Deselect all Crri+Shift+A
Append separator
YW e on dein/abons 1.  Select data volume by Ctrl+LMB
B e . Multi-vintage fullstack seismic before correction
2 ? Show selected volumes in Stack viewer (“StaCk_6V| ntageS”) and
Timeshifts simpli | T Shifted_Monitor.simp _ ::Z: :::Z:::: ::::::z ::;‘;i:‘l‘:er . Aligned multi-vintage seismic
‘ ; L2 " E|! Show selected volumes in a Data Comparator (“Shlfted_Monltor NLI 1 D”, “Shlfted_MonltOI'XCO R”,
3’ reste o P and “Shifted_Monitor.simpli”)
B i B, 2.  Display multiple data volumes by RMB in empty space in
Global Memory: | 0% o® Create workflow fram selected volumes Ctri+Shift+W data pOOI and “Show Selected Volumes |n Stack V|ewer
‘ Export selected volumes to SEGY
ﬁ Delete selected volumes Shift+Del
¥ Deleteall

© Sharp Reflections 2023 21 October 2023 SHARP REFLECTIONS




Exercise 1

4D Amplitude differences before time-alignment

StackView-4 [# 221 - Difference |
MEz/ zhd¢updd P 00D BN T U_sing “difference-in-viewer” in_“Stack Viewer”, compare the 4D
;vo(’:ll;riorkeadout — o 175.0. . .18100. 1650J L 19|00 ‘19‘50 ZOI(ZM.)l L 20|50 21]ool . .21|5° 2200A dlﬁerences before and after allgnment (3 methods)
World Y [ 102683m 1 I i -
el = A_rD amplltude difference (1025-1018) before L o .
e — ) 1 time-alignment 1. Enable “Difference in Viewer
o — N F RS P L LA TS N A 2. Choose "Stack_6vintages” as baseline. Tick the vintage control
e w7 VA4 02 NI SR S o /) to “Lock” and set Vinatge 01018
Inline 1219 |3| [1139..1299 1 ’ ”a ~ - ~ - - ” . ” H
4 e 27 . P a5 " 7 __f 3. Choosg Stack_6V|_ntag§s as monitor Volume.
T 2 e T i g ) 4. Scan different monitor vintages
3 [ — | -:;~."'_". A
# 143 - Shifted_Monitor.simpli | gy - m‘ . - = P I J A i )
_/ eS ;,’/. i 2% oy o g Note that for most vintage differences there are large amplitude
P g differences in the underburden between the seismic volume before
_ 2000 4% 2 s alignment and after alignment
¥ Masks : -‘l" :
Diff il - ' '_ .
2 7 - Stack_6vintages M | .u; "'
_ Off @ Lock | | Step Vintage | 1018 |7 — "', - A
Current difference: ’ y ~
e o
. von:?; 143 - Shifted_Monitor.simpli i | o -~
g reie S s P
gx 1ls:sninea_rf|$nlto?.xcon 3000—7 - - A, //" " L
e
gﬁ;z:;z};c::;g_:‘lr:tages i S 4| e seismic Amplitude

15 © Sharp Reflections 2023 21 October 2023
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Exercise 1

4D Amplitude differences in aligned data
NLI1D

StackView-4 [3# 221 - Difference #78 - #78]
ERlzs/ zhddamdd P 00D B+ U_sing “differgnce-ln-viewer” in “Ste_lck Viewer”, compare the t_ime-
e B aligned 4D difference from three different methods of timeshift
et - == | 4D amplitude difference (1025-1018) using estimation and correction
nline . .
Crossine i 0 1 NLI1D for time-alignment
Vintage 9] ] — - - . . » . . ”
o = & PR L P TE SN . 1. Now choose time-aligned data (e.g., "Shifted_Monitor.NLI1D”)
TR —. DL P Rt s o L~ Y as a baseline
2 i 1| DSOS S i S 2. Choose the same volume as a monitor
5 BT AN ‘,.-,..:" 5 e ’,,",’_ ,: 3. Set a reference vmtage_wa _Lock fqr the V|r_1tage control. This
B SR R el o allows to select a baseline vintage via the Vintage selector
| - - —— {' v " : w v “ ” H 1 1
RS T AR By SRS 5 S (here 1018). (“Step” enables sequential vintage selection)
T e oy - ) . . .
77Tt N S S AR e, I8 4. Set a monitor vintage (here 1025)
: 2600 -{ — > - ;';;""-‘;f.?' 3’; ', "1’. .
I I, e AP
 Masks _;_’7.,:" ‘/"-:';:_;.‘;.75;::?_;";",‘,;
1 '&7975T|iked_Mar|itor_Nu1D v | ;'/\ v ..:. - .:-_‘ '?. "",';' "
) Off (®) Lock ) Step Vintage | 018 5| 3 o= oy ~; e 'b';“ e Y = T
Current difference: :- - " T -: ‘-' - ' - :' % - - o - - £
xﬁ:"u";:ffoazfmu e "o ” o :: 4 :“ _.;.E ; :.’f - .; / f . .;._' f,f
i vo":?; 143 - Shifted_Monitor.simpli F _:- ) » .‘ e~ - ”0 . ! o v ‘.‘“ . ” ,’ »
‘E# 142-TFmes(rTains.‘sim.p|li 1~ "W, o . ~ ?’"\‘. e 297 - 4 > /.
:’?: i:;:;:?::s:;zillz?f;con zooo_?", bl Al e [ e A L e ’ " -
P o ros 8
Ble 7 Stk eurtages 1 0
E”3'ze!?t§;ev0vs‘f:‘imiges Hl _ # 221 - Difference #78 - #78 | =) Seismic Amplitude

16 © Sharp Reflections 2023 21 October 2023
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— Exercise 1

Amplitude differences in aligned data
Cross-correlation

StackViey-4 [# 221 - Diffel

EEz/ zhd¢apddp 00D BN+ Using “difference-in-viewer” in “Stack Viewer”, compare the time-
e aligned 4D difference from three different methods of timeshift

L —T { 4D amplitude difference (1025-1018) using estimation and correction

Inline 1219 . : ;
rmtne T uma 1 cross-correlation for time-alignment
Vintage 1025 J e - P

o et N o O, S AN S S DA 1. Now choo;e time-aligned data (e.g., "Shifted_Monitor. XCOR”)
# 221 Selamic Ampitude [ﬁ%—'}iﬂ}\ -~ 7. - ":/ 2 ";-'.2' . ': p // as a basellne
Inline 1219 4| [1139..1299 1 ; . . - .
= | IV 37 e o GRS g A 2 Choose the same volume as a monitor
A AR R VN ’ > p Set a reference vintage via “Lock” and Vintage scrollbar (here

'
(&
w

E— - 1 " -
#7 - Stack - .
=Sk ; el AR n A -
2 e L 1018)
- - - = . -
= 5 L -~ AR A » ’ . .
-~ : >y A A F =g m h 0
(SN e i CARCE-PPaY S 4. Set a monitor vintage (here 1025)
T A’ o N - - ~ o , -~
. . - v -
o - s - 9
- .
- - - o A, - ) 2
2600 - — vy Pt o e, s v
» L v 7 ') - - e - [
. ‘- 7
, p - ’-' . Ao N 7 c -
Masks . - . -
A o~ o~ Y :"' - ’v" -
Al -y > - . L, — »v
Diff o — - A o »/ ’ . . ]
-
1 [Jf 128 shitted_Monitor.xCoR = 1 4 ’\ ..'.’ Wl s e .
i : . " . e .- w - - .
Off ® Lock | Step Vintage | 1018 |+ - B/ NS e » o e - o ’
- - - n X e S P ~ -~ . ”
0 N PL - e Va0 4 oz -7
Current difference: - ¥ ATISES - A - ”
«Volumes: 118 - 118 - sy W e ’ (e J . . »
«Vintage: 1025 - 1018 AT e T A v, ’ o L
~ Volume B W = > - - Al o~y /
{#/# 143 - Shifted_Monitor.simpli o o T A . v o/ - v’ )
e/ # 142 - Timestrains.simpli 1= 8 % . SN e, A R AW . o
|@/# 141 - Timeshifts.simpli [P w -~ =% T O Y 2™ .' b RINL /7‘ -
% # 118 - Shifted_Monitor.XCOR 2000, P A . -l mNN N ! VI . 152
es/# 117 - Timestrains.XCOR

e/# 116 - Timeshifts. XCOR

[%/# 78 - Shifted_Monitor.NLILD

|ew/# 77 - Timestrains.NUI1D

e/# 76 - Timeshifts.NLI1D 5 s

[%/# 7 - Stack_6vintages ] : _— -

[@/# 2 - RelativeVpVs_ 6vintages i _ #221 - Difference #118 - #118 | = @ Seismic Amplitude
mtiinsl Suiintsnne

31 0
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Exercise 1

Amplitude differences in aligned data
simpli

StackView-4 (3 221 - Difference #143 - #143]
HEls/ zhsGampddb P 00D BN+ U_sing “differgnce-ln-viewer” in “Ste_lck Viewer”, compare the t_ime-
L — R S D B aligned 4D difference from three different methods of timeshift
~ msse | 4D amplitude difference (1025-1018) using estimation and correction
rmtne 1 simpli for time-alignment
iy — AR 2 SR P = L Fin T ST . 1. Now choose time-aligned data (e.g., "Shifted_Monitor.simpli”)
Inline j?\ [1139..1299 ] e | : -':. ~ t f“ - ;'./ -.—:‘? - : - ; as a basellne
= i L IR e o o i T f,..;‘ 2. Choose the same volume as a monitor
e i BTG B\ SN e > 5 2R el o S e P 3. Set a reference vintage via “Lock” and Vintage scrollbar (here
et % e - — - o e v
2 7143 - Shifted Monitor.simplt 2000 4 - : ,’ﬁr- - e A - 10 18)
| - - o TR al - - » 4 . .
o R A T S 4. Set a monitor vintage (here 1025)
T e e / - o~ -
v _— i - pa v -
< - o T e S, -
X 600 |y A .- - ,‘51"".;;;- - % 47 A :
5 ~ v » _" . ;' - : - - - ,'0
» Masks N - o o N o :“'..4'/’ “f.‘ 4 y
i IR Talr o S el s i Y
1 | 143 Shifted Monitor.simeii ~ ] /i_’\ / ‘.': S "_-‘ $. : ~'~";, 2
Jon © o s viee | WE| 3 | o 2 A 2 ATV e
Current difference: o - A‘ 2 AN = - ABO - - . ,l- - 0
e [P pa e B . N A
i vo":s‘; 143 - Shifted_Monitor.simpli F _:c; » .2 .‘ . » ."t > ."! / ' ’ - < w v F)
[ 142-Times(r?ains.‘simpli - a o . - ?‘57.” A o™ e
A A e R RD e SR S N R
e
gﬁ;:Z:;;;ic:ii:imaus Hl ', 3221-leferen:e#143-:#143 @ (e seismic Amplitude
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— Exercise 1

Comparison of timeshift-corrected seismic and
estimated timeshifts from three estimation methods

SEACKVIEw-4 [ 221 - Difference #118 - #78]

DB/ / 2z bapdd P 00D BN+ Using “difference-in-viewer” in “Stack Viewer”, compare the outputs
D D D DO = D ) from three different methods of timeshift estimation and correction
e [ { Difference between timg-aligned s.eismic using _ _
i T 1 NLI1D and XCOR algorithms for vintage=1016 1. Now choose any of the three time-aligned volumes as a
rode = baseline, e.g., ” Shifted_Monitor.NLI1D”
el - 2. Choose any of the other two shifted time-shifted volumes
e ] e ] . “Shifted_Monitor.XCOR”, and
—_— i . “Shifted_Monitor.simpli”)
5 as monitor Volume.
o | 3. Set the “Diff Baseline” Vintage to “None” using the radio button.
| This causes the Vintage control of the primary Volume (Monitor)
. to act on both Baseline and Monitor
| - | Note the marginal differences between the various combinations of
SO ook siep vimtage 3 | time-aligned volumes. This shows that all three algorithms result in
B similar data after alignment
!

e/# 116 - Timeshifts. XCOR

[%/# 78 - Shifted_Monitor.NLILD
|ew/# 77 - Timestrains.NUI1D 323
/# 76 - Timeshifts.NLI1D

|#/# 7 - Stack_6vintages -1 -0.5 0 0.5 1
@ /# 2 - RelativeVpVs_6vintages . _ # 221 - Difference #118 - #78 | = @) Seismic Amplitude
DolathiaAl Guintamas S

—lea . dntsn
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Exercise 1

Estimated timelapse timeshifts

Data Pool: 4D Cotrse Glesn@dell 12

RelativeAl_6vintages RelativeVpVs_6vintag

Global Memory: | 0%

20 © Sharp Reflections 2023

Select all

Deselect all

Append separator
ﬁ Remove all separators
E‘ Show selected volumes in 3D Viewer...
;ii‘ Show selected volumes in Gather viewer
? Show selected volumes in Stack viewer
== Show selected volumes in Top View
== Show selected volumes in Map viewer
E|! Show selected volumes in a Data Comparator
% Create Cross Plot...
ﬂ Volume Calculator...
ﬁ Create Pseudo PreStack...
o® Create workflow from selected volumes
‘ Export selected volumes to SEGY
ﬁ Delete selected volumes
¥ Deleteall

Ciri+A
Ctri+Shift+A

Ctri+Shift+W

Shift+Del

21 October 2023

Using “difference-in-viewer” in “Stack Viewer”, compare the
outputs from three different methods of timeshift estimation and
correction.

1. Select data volume by Ctrl+LMB
. Multi-vintage fullstack seismic before correction
(“Stack_6vintages”) and
. Timeshift volumes (“Timeshifts.NLI1D”,
“Timeshifts. XCOR”, and “Timeshifts.simpli”)
. Timestrain volumes (“Timestrains.NLI1D”,
“Timestrains.XCOR?”, and “Timestrains.simpli”)

2. Display multiple data volumes by RMB in empty space in
data pool and “Show selected volumes in Stack Viewer

SHARP REFLECTIONS




Exercise 1

Estimated timelapse timeshifts

Compare estimated timeshifts and timestrains from different
methods. Questions to think about:

StackVIEW-6 [# 76 - TimEshifis,

NLITD]

#117 -
#142 -

#77-Ti

¥ Masks

% m=04_IntraResShale_Peak
% |mm{07_BaseReservoir

'

08_

| G

@i Seabed

» |a/Polygon Selection
» e Seed Points

% [mmExploration_1

iy =

4

L .F # 76 - Timeshifts.NLI1|

} | @@ Time shift (Observe

— ¢z IL % \ = A -
DR/ 252000 dbP 00D BN T =E
~ Cursor Read Out 1800 1850 1900 1950 2000 2050 2100 2150
e —— i ..|....1..}_;).1,..‘1....|.l..1..‘.|....|...
World Y 10359.8 m| A
Inline 1219 ,'
Crossline [ 1773.58 ,"
Vintage [ 1016-1012Vintage| 7
Time 2870.13 ms| ,' o
= 2200 ! W
# 141:Time Shift (Observed) | 1.14645 ms| $ |
Inline 1219 [2| [1139..1299] ] Y
Vintage 1016 - 1012 Vintage ||  [1009 .. 1025], index: 1016 4 |7 i |
# 76 - Timeshifts NLI1D '
# 116 - Timeshifts.XCOR 2400 1 y
#141- I /

© Sharp Reflections 2023
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=

Are the amplitudes using the 3 methods comparable?
Which method predicts the largest timeshifts (and why)?
Are there different characteristics in the predicted
timeshifts/timestrains between the three methods?

How would you adjust parameters to change the
characteristics (short wavelength vs. long wavelength
features in the timeshift fields)?

Display wells
Display horizons

. Top reservoir = “03_TopReservoir_1stResSand”
. Base producing layer = “04_IntraResShale_Peak”
. Base second (water) sand = “07_BaseReservoir”

Adjust colourbars
« Timeshifts (e.q., [-4 4] ms).
+  “Content specific histogram” (right radio button)
- scaling for all volumes of the same data-type
+  “Volume specific histogram” (left radio button)
—> scaling for displayed volume only
Cycle through the various volumes and various vintages
and observe

SHARP REFLECTIONS




Exercise 1

Estimated timelapse timeshifts and timestrains :

NLI1D

Timeshifts (NLI1D): 1016 using 1012 as a reference

DE 2/ 2540 ddb P 00BNt E

# 141:Time Shift (Observed) | 1.14645 ms

[+ [1139..1209]

Inline 1

Vintage 1016 - 1012 Vintage ||  [1009 .. 1025], index: 1016

# 116 - Timeshifts.XCOR
# 141 - Timeshifts.simpli
# 77 - Timestrains.NLI1D
# 117 - Timestrains.XCOR
# 142 - Timestrains.simpli

» Masks

=={03_TopReservoir_lstResSand
== 04_IntraResShale_Peak

» . 'Seed Points

=0
%/ m=Exploration_1
| meInjector_1 2 i 0 i
% |~{Injector_2 ,
e ector .’ _ # 76 - Timeshifts.NLI1D Time Shift (Observed)

|| m={Producer_1 =

¥ Cursor Read Out 1800 1850 1900 1950 2000 2050 2100 2150
World X [ 3seesm| 2000 SR : ; h t -
World Y [ 103598m i A

Inline [ 1219 5

Crossline [ 171358 7 ,

Vintage [ 1016-1C age |

Time [ 287013ms]

© Sharp Reflections 2023

Timestrains (NLI1D): 1016 using 1012 as a reference

StackView6 3 E
< Ik | 1‘ = -
zLhS S B dbd P OO0ODBNY =
~ Cursor Read Out 1800 1850 1900 1950 2000 2050 2100 2150
T 1 1 i 1 1 | n T S ST
World X L 4083.03 m 2000 7] l '__J v ' : 3 : -
World Y [ 109153 m 1 " T S 5
= S @ Iniectot: C Exploration 1
Inline [ i :
Crossline ¥
Vintage 1016 - 1012 Vintage
Time [ 2203.77 ms

# 116:Time Shift (Observed) | -0.101019 ms

Inline [1139..1299 ]

Vintage | 1016 - 1012 Vintage ||  [1009 .. 1025], Index: 1016

# 76 - Timeshifts.NLI1D

# 116 - Timeshifts. XCOR
# 141 - Timeshifts.simpli
# 117 - Timestrains.XCOR
# 142 - Timestrains.simpli
# 7 - Stack_6vintages

¥ Masks

=03 _TopReservoir_lstResSand
& |m=04_IntraResShale_Peak

% |mm07_BaseReservoir

/08 _Basement

=Seabed

» |@/Polygon Selection

(% m=lnjector_1
[ Injector_2
& =={Producer_1 -

4 -0.02

" #77 - Timestrains.NLI1D | =

Time Strain

21 October 2023
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Exercise 1

Estimated timelapse timeshifts and timestrains :
Cross-correlation

Timeshifts (xcorr): 1016 using 1012 as a reference Timestrains (xcorr): 1016 using 1012 as a reference

) SEACKVIEV/ 6 [ 117 - Timestrains XCOR]
5 zhd B dd P O0ODEBNY =

~ Cursor Read Out 1800 1850 1900 1950 2000 2050 2100 2150 ~ Cursor Read Out 1800 1850 1900 1950 2000 2050 2100 2150

World X [ 3586.36 m 2000 L — }_,J L ! : ) ; ! e World X [ 3717.35m 2000 ' : L

World Y [ 103598m | , S misctona B o i ‘7 World Y [ 105063m

Inline 1219 7 g1 . Inline 1219

Crossline [ 171358 7 i i Crossline [ 17893]

Vintage [ 1016-1012 Vintage| i Vintage

Time [ 287013ms] Time [ 221865ms

#141:Time Shift (Observed) | 1.14645 ms| # 77:Time Strain [ 0.0076555 |

Inline ) 1219 3| [1139..1209] )

Vintage 1016 - 1012 Vintage |3 [1009 .. 1025], Index: 1016

# 76 - Timeshifts.NLI1D
# 116 - Timeshif OR
# 141 - Timeshifts.simpli
# 77 - Timestrains.NUI1D
# 117 - Timestrains.XCOR
# 142 - Timestrains.simpli

# 117 - Timestrains. XCOR
# 142 - Timestrains.simpli
# 7 - Stack_6vintages

Inline 1219 [1139..1299]
J Vintage | 1016 - 1012 Vintage ||  [1009 .. 1025], Index: 1016
# 76 - Timeshifts.NLIID
# 116 - Timeshifts. XCOR
# 141 - Timeshifts.simpli
i # 77 - Timestrains.NLI1D

| oy e 1
zsoo—l. J 4 ‘ ‘ .‘

b Masks ] b Masks ' - - \ L
: ) . ' e W
[ |m=l03_TopReservoir_lstResSand 4] | |m=i03_TopReservoir_lstResSand - b ’ ' ‘ ! . ‘
% |m=(04_IntraResShale_Peak =—(04_IntraResShale_Peak - ‘ >
oo Iresnl i : o == 07_BaseReservoir - ' "} A .
& 08_Basement ‘ |a/~(08_Basement ‘ P ‘
= 3000 e Clittid 3000 ‘ » b . - B e
1 ‘4 »

» |@/Polygon Selection

»
) |@ Seed Points
L | @wer
% mmExploration_1 = % mmExploration_1
2 ! ) ! 2 ) % mem Injector_1

% mmnjector_1 s
[ Injector_2

@i=finlector 2 ) # 116 - Timashifts.XCOR | €=|® Time shift (Observed
Boducs i 8 - Timeshifts. @) Time shift (Observed) @l producer 1

T 1 T
4 02 0
| # 117 - Timestrains.XCOR = o Time Strain
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simpli

Timeshifts (simpli): 1016 using 1012 as a reference

£ = Ik ‘ =

D@2/ 2540 ddb P 00BNt
~ Cursor Read Out 1800 1850 1900 1950 2000 2050 2100 2150
World X [ 4083.03 m 2000 1 1 = Iy | i | i «
World Y 109153 m i J
Inline i
Crossline i
Vintage i
Time [ 2203.77 ms (D

—— 2200 4
# 116:Time Shift (Observed) | -0.101019 ms
Inline . 121 [1139..1299 ]

Vintage 1016 - 1012 Vintage [1009 .. 1025], Index: 1016

# 76 - Timeshifts.NLI1D
ifts. XCOR

# 77 - Timestrains.NLI1D
# 117 - Timestrains.XCOR
# 142 - Timestrains.simpli

» Masks

% |m=03_TopReservoir_lstResSand
%) /m=04_IntraResShale_Peak
07_BaseReservoir

) |w/Seed Points
&
% [mmExploration_1

'

T T
0

© Sharp Reflections 2023

Exercise 1

Estimated timelapse timeshifts and timestrains:

Timestrains (simpli): 1016 using 1012 as a reference

2

¥ Cursor Read Out 1800 1850 1900 1950 2000 2050 2100 2150

T i i o e il 1 | I 1
World X 3597.28 m 2000 '__J -
World Y 10372 m l i = 7

—_— ! ©
Inline i i .
Crossline 5 !
Vintage
Time 2435.81 ms

[ 0.0170418 |

# 117:Time Strain
11139 ..1299 ]

Inline
= [1009 .. 1025], Index: 1016

Vintage | 1016 - 1012 Vintag:

# 76 - Timeshifts.NLI1D

# 116 - Timeshifts. XCOR
# 141 - Timeshifts.simpli
# 77 - Timestrains.NUI1D
# 117 - Timestrains.XCOR
# 142 - Timestrain:
# 7 - Stack_6vintages

¥ Masks

=03 _TopReservoir_lstResSand
=—(04_IntraResShale_Peak
=—07_BaseReservoir
08_Basement

% jmlnjector_1
|~ Injector_2
|=={Producer_1

] »
0 0.02 0.04

- el -

3000 -

4 -0.02
| # 142 - Timestrains.simpli = | @ Time Strain
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Exercise 1

QC using pre-stack viewer and vintage axis

Data Pools 4] Colrse Glean@delll?

RelativeAl_6vintages | RelativeVpVs 6vintag |  Stack 6vintages

t 105 MB t 105 MB

Global Memory: | 0%

25 © Sharp Reflections 2023

Select all Ciri+A

Deselect all Ctri+Shift+A
Append separator

ﬁ Remove all separators

E; Show selected volumes in 3D Viewer...

iii‘ Show selected volumes in Gather viewer

? Show selected volumes in Stack viewer

== Show selected volumes in Top View

== Show selected volumes in Map viewer

E|! Show selected volumes in a Data Comparator

*g Create Cross Plot...

o Volume Calculator...

ﬁ Create Pseudo PreStack...

o® Create workflow from selected volumes Ctri+Shift+W

‘ Export selected volumes to SEGY

ﬂ Delete selected volumes Shift+Del

¥ Deleteall

21 October 2023

Using “Gather Viewer”, compare vintage gathers pre-and psot-
alignment.

1. Select data volume by Ctrl+LMB
. Multi-vintage fullstack seismic before correction
(“Stack_6vintages”) and
. Aligned multi-vintage seismic
(“Shifted_Monitor.NLI1D”)
2.  Display multiple data volumes by RMB in empty space in
data pool and “Show selected volumes in Gather Viewer”

SHARP REFLECTIONS




Exercise 1

QC using pre-stack viewer and vintage axis

Multi-vintage volume before alignment Multi-vintage volume after alignment

2% 3

Samdd P 00D

intage

%!s

—Shifted Monitor, NLILD]

00D B/ 5

BT/ & 5L» S ®dd P

L
~ Cursor Read Out 1970 1972 1976 | 1978 ~ Cursor Read Out 1970 1972 1976 | 1978
World X [ 5222.85m| 1025'1009 1| World X [ 5289.5m 09 10251009 10251009 102501009 wzslwns 1|
Il ) — 11y el il Il i}
World Y [ 12190.1m| World Y ¥ — T—— E— -
Inline 1219 | Inline ] | —
ot 1 Jo —— — - P | —
Crossline 1970 | Crossline 1978 | | - -
= = J
Vintage [ 1011.15 Vintage [ 1010.8
= — |
Time [ 249831 ms d" - | Time [ 242198 ms. 2500 | - {
# 3:Seismic Amplitude 0315247 | # 34:Seismic Amplitude 0396779 |
Inline | 1219 3| [1139..1299] Inline | 1219 |3 [1139..1299 ] |
Decimation| 1] [1.9999] ————— st - o I Decimation 1]2] 1. 9999] —— ———8 e ——
Volumes Volumes
2500 #3 - Stack 6vintages 200
Monitor NLI1D
2700 ~ —— 2700

2800 2800

» Overla)

» Overlays

> Masks

> Masks
2900 2900

~ Volume |
a/# 40 - Shifted_Monitor.simpli |

s # 39 - Timestrains.simpli

38 - Timeshifts.simpli

|a/# 37 - Shifted_Monitor.XCOR

@/ # 36 - Timestrains.XCOR

I
- @ /# 33 - Timestrains.NLILD
@ # 32 - Timeshifts.NLILD I T @/ # 32 - Timeshifts.NLILD
|#/# 3 - Stack_6vintages T 3 - Stack_6vintages
# 2 - RelativeVpVs_6vintages | Seismic Ampiitude |a/# 2 - RelativeVpVs_6vintages

%3 DalakiaAl Guint. [l 3 natatiuasl Sulntnase |

% 0
# 34 - Shifted_Monitor.NLI1D | 4= @ Seismic Amplitude
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Timeshift estimation
and correction

Correcting time-shifts in pre-stack
data

Learning goals

* Applying timeshifts estimated from full-
stacks to pre-stack volumes

« Estimating timeshifts in pre-stack volumes

« Application of estimated timeshifts to
inversion volumes

27 © Sharp Reflections 2023
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Monitor volume: | # 4 - NearMidFar_6vintages

Inline.

1974 |3

1016 |2/

REEREY

Exercise 2

Using estimated timeshifts from full-stack volume
and applying these to time-align gathers

Open Processing = Time-shift Estimate

Load gather data (“NearMidFar_6vintages”) to data pool. Make
sure that a timeshift volume is available in data pool as well

Angle 3s.0 3>

1.  Select Monitor volume to have timeshifts applied to
(“NearMidFar_6vintages”)

2.  Select timeshift volume (e.g., “Timeshifts.simpli”)

Calculate

w

2589.13
2590

[ J 2610

-

4 » ®) Seismic () Shift () Strain

-1.258

‘ol

0334 1.65 ms [ |
|

Lock to location
i

< »
-2 0 2

Parameters | Preview | Display mode

« >
) [ 2 2 o 2
| #& cancel by £ calcula te 3
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Gathers before and after alignment

2.  “Clone window and sync”. Use one window for gathers
before alignment and the second window after
alignment

3. Use “Vintage” control to scroll through vintages

Enjoy

=

QC using ,Gather Viewer*

Vintage 1012: Gathers before time-alignment Vintage 1012: Gathers after time-alignment

A NearMidra

GatherView:3 [# 11

7z GatherView:s [ 4- Nea = GRthernViey — e

DRz / gL ¢t dd L 00 DR/7/ 2L abdd P 00D BN E

~ Cursor Read Out [ 1962 [ 1964 | 1966 | 1968 | 1970 | 1972 1976 | 1978 | 1980 | 1982 | 1984 | 1986 ~ Cursor Read Out [ 1962 [ 1964 | 1966 | 1968 | 1970 | 1972 1976 | 1978 | 1980 | 1982 | 1984 | 1986

World X IE 5139.53m| | Iu.s 25 2s  as |12,5 has ﬂui_ﬁs has pas Ilz.s Ilz.s I1251 World X IE 5139.53m| | Iu.s 25 2s  as |12,5 has ﬂui_ﬁs has pas Ilz.s Ilz.s I1251
[ 12097 m| it ‘ ’ S . g . . - . World Y [ 12097 m| = . : i . ; ‘ : = =0
I I
L L

ntag

itages

World Y E - - e =
Inline 1219 Inline 1219 |
Crossline 1960 | Crossline 1960 |
[ g 3 - [ X o o
= E—— R R R R i s o R R T
Vintage [ 1012 | 2900 - y - -~ i ] - . Vintage [ 1014 | 200 T - y - -~ T " ] - .
Time [ 2792.74 ms| T ————— - B I e O Time [ 2467.65 ms| [T p— . PP e e P——
# 4:Seismic Amplitude | -1.43446 | - # 4:Seismic Amplitude | 0372313 | -
= i . . B | y ] o i . . B | | ] ) o
Inline | 1219 |3 (1139..1299] - Sl Inline | 1219 3] [1139..1299] . Sl
3 | |vase t1009 . 1025 = P i i L viage ti009 . 10251 = P i i
Decimation | 1% [1..9999] 2500 - - « - ‘. . Decimation | 1 %] [1..9999] 2500 - - « - “ .
—_— | - - - - - S L4 | - — - - -
-t - - -t - -
am - - - ‘. ‘. # 4 - NearMidFar swm:ga:m’ - - - ‘. ‘.
1 # 114 - NearMidFar_6vintages_aligned - o . - - 2 Bvintages. - o . - -
= - - o = - - -,
- - - -

A

» Overlays

> Masks

~ Volume
[/# 114 - NearMidFar_6vintages_aligned
[)# 4 - NearMidFar_6vintages

» |e Horizon

» @ Polygon Selection

> e Well

3 2 al 0
.F (| #4 - NearMidFar_6vintages = ® Seismic Amplitude

© Sharp Reflections 2023
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» Overlays

> Masks

~ Volume

[#)# 114 - NearMidFar_6vintages_aligned
[)# 4 - NearMidFar_6vintages

» |e Horizon
» @ Polygon Selection
> e well
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—
QC using ,Gather Viewer*

Vintage 1014: Gathers before time-alignment Vintage 1014: Gathers after time-alignment

Bo// sl »de®ddp 00D S/ % e db P 00D B/ %

»

|2 /B N1

»

~ Cursor Read Out 1962 | 1964 | 1966 | 1968 | 1970 | 1972 1976 | 1978 | 1980 | 1982 | 1984 | 1986 ~ Cursor Read Out 1962 | 1964 | 1966 | 1968 | 1970 | 1972 1976 | 1978 | 1980 | 1982 | 1984 | 1986
World X IE 513953 m| | Iu.s 25 h2s s Ilz,s h2s h2s h2s h2s fas  fas Ilz.s kz.s tzj World X IE 513953 m| | Iu.s 25 h2s h2s Ilz,s h2s h2s h2s h2s fas  fos Ilz.s 25 a2
1 1 1 | | | | | | | | 1 1 1 1 | I | | | | | 1
World Y [ 12097 m| - N —— e, _ World Y [ 12097 m| - Badl -
Inline [C 1219 | Inline [C 1219 |
Crossline | 1960 | Crossline | 1960 |
S [ e T e R R R
Vintage [ 1012 | - Vintage [ 1012 | 2400 - g - e e - - - - L ™ =T
e LBy - - e = Rt I I I e
# 4:Seismic Amplitude | -1.43446 | # 114:Seismic Amplitude | 1197726 | - -
— - B e — el e B T
Inline | 1219 [3] (1139..1299] - - ~ Iniine | 1219 [3] (1139..1299] - - - ‘w
- . | "
Vintage [1009 .. 1025 ] . e e b - o w u 4 A ‘” Vintage [1009 .. 1025 ] -» e 3 - e wu @ A -”
= P 2500 S - - (- R T 2500 TR -
Decimation | 1|2 1..9999] . Decimation | 1|2 1..9999] " -
S - - -~ -~ - - - S B e d - -
Volumes e . - Volumes - O O s o W -
Meaea- . - - i # 3 Neaiar cuniages peEaaes- -
# 114 - NearMidFar_6vintages_aligned - . = - - [# 114 - NearMidFar bvintages aligned - - -
-, - -, - - - - - «
™ -l - B gy gy My - -
2600 ~
- am oam oem ew W a8 4 W - i :, - -
- . - K =] < .
~

2700 —fpud ‘ d d
» overlays k‘\_‘\q\u\ @ l =l - . - -

> Masks

* Volume -

_—
[%/# 114 - NearMidFar_6vintages_aligned C e —— g -y
‘2’ # 4 - NearMidFar_6vintages ‘ {
» [@/Horizon 2800 8 .;‘7 o —— "‘ ‘ - 7‘“ - ." 1

» @ Polygon Selection B )

> overlays

> Masks

~ Volume
[/# 114 - NearMidFar_6vintages_aligned
[/# 4 - NearMidFar_6vintages

» |e Horizon

» @/Polygon Selection

b e Well b e Well X
3 2 = i bl 0
(| #4 - NearMidFar_6vintages = ® Seismic Amplitude .F () # 114 - NearMidFar_6vintages aligned | §= @ Seismic Amplitude
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Exercise 2

Other applications of the timeshift estimation and
correction tool

1.

Estimating timeshifts in pre-stack volumes

Lock Angle

v | Lock Vintage

Number of Iterati

Lagrange multipl

Baseline Selection

Baseline volume: | # 2 - Ax3 Vx9

2 [#]

=

All monitor Vintages are matched to one baseline Vintage:

WVinl Nearl | Mid2 | Far3 |
Vin2 | Mearl +T Mid2 "'1 Far3 “1.|
Vin3 Nearl Mid2 Far3

=TS [WWETgTITS] |

T OUT T ]

LI |

Baseline volume: | # 2 - Ax3 Vx93 2] ||

v Lock Angle

V| Lock Vintage

Number of Iteratiqf

Baseline Selection

-

All monitor traces are matched to one baseline reference
trace:

Lagrange multiplig

iincass | naie |~ anaie | “anate—
vinl Nearl Mid2 Far3
Vin2 Nearl pt id2 Far3
Vin3 Nearl Mid2 Far3

2. Application of estimated timeshifts to inversion volumes

AVA inversions can be run on seismic volumes before timeshift correction. The resulting property
volumes will not be time-aligned.

e You can try estimating time-shifts on the inverted volumes, or

31

e Apply estimated timeshifts to time-align the property volumes

© Sharp Reflections 2023
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Timeshift estimation

(3) Using overlays to co-visualize
seismic amplitude data and
timeshifts/timestrains

Learning goals:

« Co-visualization of timestrains/timeshifts (as
overlay) with 3D seismic and 4D seismic
creates context:

— Can timeshifts be measured as there is
coherent seismic energy, or

— Are the timestrains at a reasonable position
w.r.t. 4D amplitude changes

32 © Sharp Reflections 2023

BOs/ 2h>0amddp 00D 64 <%

¥ Cursor Read Out

World X 5062.24 m
World Y 11973 m|
1221 |

Inline

Vintage 1016 - 1012 Vintage |
2978.71 ms)

# 142:Time Strain -0.00451041

# 233:Seismic Amplitude 0.0419984

1221 |3 [(1139..1299]

[
[
Crossline [ 1948.49 |
[
[

Time

| [1009 .. 1025], Index: 1016

[# 143 - Shifted_Monitor.simpli

e # 141 - Timeshifts.simpli
BN #142 -Timestrainssimpli |

» Masks

Diff
# 143 - Shifted_Monitor.simpli -

) Off (@ Lock | Step Vintage | 1012 |3

Current difference:
*Volumes: 143 - 143
016 - 1012

V1012_02_ResSand_repaired
|@/—V1012_03_ResShale_repaired
@ /=(03_TopReservoir

» e Well |
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1800

‘g

ERz/ zhdéamdd P 0O

1850 1900 1950 2000 2050

2100

5

D 84+ [

~ Cursor Read Out

World X [ 3714.16 m|
World Y 104653 m
Inline 1221
Crossline 1786.68

Vintage [ 1014 - 1012 Vintage |

2996.56 ms |
# 142:Time Strain 0.000265299
# 233:Seismic Amplitude 0.0550975

| [1139..1299]

Time [

/1014 - 1012 Vintage | 3|  [1009 .. 1025], Index: 1014

# 143 - Shifted_Monitor.simpli

# 143 - Shifted_Monitor.simpli v

") Off (@) Lock () Step Vintage | 1012 2]

Current difference:
*Volumes: 143 - 143
*Vintage: 1014 - 1012

1012_02_ResSand_repaired

|~-V1012_03 ResShale_repaired
03_TopReservoir
2_0B_BCU_Top

=07 BaseR
=08 _Basement
[ |« /Polygon Selection
) [w/Seed Points
> e well |

1800 1850 1900 1950 2000 2050 2100

-0.02

() # 142 - Timestrains.simpli | 4= ® Time Strain
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Using Overlays to co-visualize
seismic-data with timeshifts

33

StackViEw-6 [# 141~ Timeshifts.simpli]

DE 72/ 28 Sabddb P 000 BN\ =
~ Cursor Read Out 1800 1850 1900 1950 2000 2050 2100 2150
World X | 4445.51 m| zooo"'J'""""""'l""l""l""l""l"'-
World Y [ 112832 m|
Inline . A
Crossline [ 1874.46 |
Vintage [ 1009 - 1012 Vintage | d -
Time [ 2171.05 ms) ‘
— 2200
# 141:Time Shift (Observed) | 0.17309 ms| §
Inline 1213 m139.1209]

Vintage 1009 - 1012 Vintage || 1009 .. 1025, Index: 1009

# 143 - Shifted Monitor.simpli
imeshifts.simpli

.simpll
R Move to Top
Move Up
=4 Mowve Down
Mowve to Bottom
Display Mode
‘ Show as Overlay
o i \/1012_02 |
@/—V1012_03 ResSha Show as Mask
@ ==|03_TopReservoir
@@ /m=l02_0B_BCU_Top . . 3
(/=03 _TopReservoir £ Set as Difference Baseline
@ |me04_IntraResShale_|
@ m=07_BaseReservair
@»/{08_B: t
y y r , :
0

» |a/Polygon Selection

» |e Seed Points

2 1
» Lo Well L . | # 141 - Timeshifts.simpli | = @ Time Shift (Observed)

© Sharp Reflections 2023
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Exercise 3

Co-visualize timeshifts and 3D seismic data

1.

In data pool, highlight
. Shifted_Monitor.simpli
. Timeshifts.simpli
. Timestrains.simpli
then RMB, and “Show selected volumes in Stack Viewer
RMB on “Timeshifts.simpli“ and “Show as overlay”.
Repeat for timestrains
Adjust colourbars
« Timeshifts (e.qg., [-4 4] ms).
+  “Content specific histogram” (right radio button)
-> scaling for all volumes of the same data-type
«  “Volume specific histogram” (left radio button)
—> scaling for displayed volume only

SHARP REFLECTIONS




Using Overlays to co-visualize
seismic-data with timeshifts

ZhdbpEdd L OO BN+ =

tackView-6 [# 143 - Stifted Monitor.simpii]

Exercise 3

Co-visualize timeshifts and 3D seismic data

=

Colormap for seismic. Highlight seismic volume.
Choose a greyscale colormap for seismic data, by RMB
on colourmap. “’Color Tables”> “White — Black”

Adjust colourlimits (e.g., [-2 2])

& 7 /
¥ Cursor Read Out 1900 1950 2000 2050 2100
World X [ 3927.01 m| 2000 =
World Y [ 107033 m|
Inline. [ 1221 |
Crossline [ 1812.23 |
Vintage [ 1009 - 1012 Vintage |
Time [ 2984.66 ms|
= — 2200
# 141:Time Shift (Observed) | -1.15935 ms |
#1 ismic Ampli L 0.666948 Logarithmic histogram
Inline B 1221 E [1139..1299 ] Zoom out
Vintage 1009 |4|  [1009..1025] 1 T
N nsert interval...
100
Insert marker...
Insert symmetric markers...
Set color between markers...
Reset histogram
~ 2600 i
= E— Set histogram range... Ctrl+R 3
l%| # 141 - Timeshifts.simpli
\%| # 142 - Timestrains.simpli Distribute markers evenly |
Flip color table
Color tables 2
2800
Save color table...
» Masks =
i Custom histograms b
@ mi\/1012_02_ResSand_repaired S f
\@/~V1012_03_ResShale_repaired Savehistogrem...
@)= 03_TopReservoir .
@ /m02_0B_BCU Top oo Manage histograms...
%= 03_TopReservoir_lstResSand ’ )
(@ mm04_IntraResShale_Peak Create discrete histegram...
@0/ 07_BaseReservoir R
|@@/~~/08_Basement ‘ Capture histogram
| _ |@w/m—Seabed i
» | Polygon Selection 2 § 2 0
» w/Seed Points - P &
> JelWell L () # 143 - Shifted_Monitor.simpli M-{o Seismic Amplitude
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Exercise 3

Using Overlays to co-visualize
seismic-data with timeshifts

StackView 6 [# 143 = Shifted Monitor.smpl|

et zbGamddr 00D BN+ = Co-visualize timeshifts and 3D seismic data

World X [ 3921.55 m| 2000

World Y [ 10697.2 m| . . . . . .

| = 1.  Colormap for timeshifts. Highlight timeshift volume.
| i 2. Adjust colourlimits on timeshift volume, by RMB on
#‘141:Tirr1eéhlft(0t.:serV€d) m} 2 COIOurbar (SeleCt e-g-, [_2 2])

Vintage | 1009 - 1012 Vintage || (1009 ..1025). Index: 1009| 3

Note the opacity curve in the colourmap.
« Individual points can be dragged up and down
« Shift + scroll MMB moves the opacity curve up and down

# 143 - Shifted_Monitor.simpli

Here | made the middle of the colourmap fully transparent

2800

3. Vintage control on timeshift volume. Not that for most
vintages, the timeshifts start at the top reservoir horizon

¥ Masks

@/ m=V1012_02_ResSand_repaired -
\@/~V1012_03_ResShale_repaired

(@03 _TopReservoir

@/ m=i02_OB_BCU_Top

[/ m=03_TopReservoir_1stResSand

@ m=04_IntraResShale_Peak

Opacity curve of overlay

|
» |4 Polygon Selection

» E:::: Points L -2, # lll-ﬂmelhms.ll:pll | @@ Time shift (Obiﬁ\
AN
Fully transparent
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Exercise 3

Using Overlays to co-visualize
seismic-data with timeshifts

ER s/ zhddamdd P 00D 8/ 4 Co-visualize timeshifts and 4D seismic data

World X [ 4734.77m| 2000

w i i 1.  Enable “difference-in-viewer”.

o | = 2.  Lock vintage to “1012”.

e — ] . Timeshift are calculated with 1012 as reference,
e [ ) o hence here we need to choose 1012 as reference

e 3. Use different monitor surveys (here 1016-1012), and

compare 4D amplitude and timeshift signal

2400

|| # 141 - Timeshifts.simpli
|| # 142 - Timestrains.simpli

2600

» Masks
Diff
# 143 - Shifted_Monitor.simpli -

ck (| Step Vintage | 1012 S 1

Current difference:

*Volumes: 143 - 143
«Vintage: 1016 - 1012
@/ m=V/1012_02 ResSand_repaired -
|@/—V1012_03_ResShale_repaired
& =03 _TopReservoir
@ /m=(02_OB_BCU_Top
& ==03_TopReservoir_1stResSand 300048 3
@ /m=(04_IntraResShale_Peak

@ =—{08_Basemen t
_|@/m=iSeabed -0.953
» @ Polygon Selection 2t ! 05 0 0.5 1

» |w/Seed Points
» e Well

.’ © # 233 - Difference #143 - #143 | =) Seismic Amplitude
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Exercise 3

Using Overlays to co-visualize
seismic-data with timeshifts

EEs/ 2z ¢abdd P 00D B/ 5 Co-visualize timeshifts and 4D seismic data

235 - Difference #143 “#143]

World X [ 3866.98 m| 2000

w i i 1.  Enable “difference-in-viewer”.

o : = 2.  Lock vintage to “1012”.

e —T T . Timeshift are calculated with 1012 as reference,
e [ ) omee hence here we need to choose 1012 as reference

Vintage 1014 [2| [1009..1025] 3

3.  Use different monitor surveys (here 1014-1012), and
compare 4D amplitude and timeshift signal

2400

{®| # 141 - Timeshifts.simpli
|aw| # 142 - Timestrains.simpli

2600

» Masks
Diff
# 143 - Shifted_Monitor.simpli v

ck _ Step Vintage | 1012 S 1

Current difference:

*Volumes: 143 - 143
«Vintage: 1014 - 1012
@/ m=V/1012_02 ResSand_repaired -
|@/—V1012_03_ResShale_repaired
& =03 _TopReservoir
@ /m=(02_OB_BCU_Top
@ /==(03_TopReservoir_lstResSand
@ /m=(04_IntraResShale_Peak

3000
4

| |e/m=sSeabed -1
» |@/Polygon Selection
» |/Seed Points

> JelWell

»
048 m
T
0 0.5 1

T
05
| .’ © # 233 - Difference #143 - #143 | =) | Seismic Amplitude

Lt
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Exercise 3

Using Overlays to co-visualize
seismic-data with timestrains

HEls/ zh>@apdd P 00D 6\ Repeat steps above to co-visualize timestrains (as overlay) and
wonx — 4D seismic data (as greyscale background)

Inline [ 1221 |

Crossline [ 1948.49 |

Vintage : 1016-1012Vintagej Here (1016-1012)

2200

# 142:Time Strain -0.00451041
# 233:Seismic Amplitude 0.0419984

Infine 1221 |3 [(1139..1299]

Vintage | 1016 - 1012 Vintage |3  [1009 .. 1025], Index: 1016

[# 143 - Shifted_Monitor.simpli 2400

e # 141 - Timeshifts.simpli
BN #142 -Timestrainssimpli |

2600

» Masks
Diff
# 143 - Shifted_Monitor.simpli -

ck (| Step Vintage | 1012 |3

Current difference:

*Volumes: 143 - 143
«Vintage: 1016 - 1012
@/ m=V/1012_02 ResSand_repaired -
|@/-1V1012_03 ResShale_repaired

|@/={03_TopReservoir
|@/m=02_OB_BCU_Top

%= 03 TopReservoir_1stResSand
£33 =04 IntraResShale_Peak
07_BaseReservoir
08_Basement

xSeabed

3000

» |@ Polygon Selection
» |e Seed Points
> lewen

-0.04 -0.02 0

.!; () # 142 - Timestrains.simpli | 4= ® Time Strain
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Using Overlays to co-visualize
seismic-data with timestrains

HEls/ zLh b dd P 0O Repeat steps above to co-visualize timestrains (as overlay) and
worx ; ksl o 4D seismic data (as greyscale background)
Inline [ 1221 |
Crossline [ 1786.68 |
Vintage [ 1014 - 1012 Vintage | Here (1014-1012)
Time 2996.56 ms
# 142:Time Strain 0.000265299 7200
# 233:Seismic Amplitude 0.0550975
Inline \;—u}H:‘ [1139 .. 1299
\fiimie” ) \% [1009 .. 1025], Index: 1014 Q u esti 0 n :
Based on the observations of

- « Timestrains and 3D seismic, and

* Timestrains and 4D seismic

— do you think that the parameterization of the timestrain
S s = estimation is optimal, if the timestrains are to be used as a 4D
Sk O S seismic attribute?

e

EEE&:E"::‘:ZMM | 04 8142-Tlmellrllnl.-::||)ﬂ = |(®) Time Strain

SHARP REFLECTIONS
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Moni Shifted Monif

1900 2000 1900 zoou 1900 2000 3 2 1
L L L L 1

. B

V| Synchronize view Y
| |

' “' ' W Time shift
|

V| Synchronize histograms
V! Synchronize wiggle plot options
Display horizons

Timeshift estimation

(4) Tips and tricks using the G T
timeshift estimation tool ~ g

2600
8 3 *) Seismic © Shift

Read Out: Read Out: ‘ |

Display mode
‘c { \éc Iculate

SHARP REFLECTIONS
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— Exercise 4

Timeshift estimation tool:
Tips and tricks

Task:

Explore some features of the timeshift estimation tool that can help in a detailed analysis of
estimated timeshifts/timestrains, as well as the ability to timeshift correct seismic data

41 © Sharp Reflections 2023 21 October 2023 SHARP REFLECTIONS



Timelapse Umeshift estmation and correcton

__ | Monitor Reference Observed Time-shifts Time-strain Monitor-Reference Shifted Monitor-Reference
Monitor.val | #7 - Stack_6vintages = 1900 2000 1900 2000 1900 2000 1900 2000 1900 2000 1900 2000

Inline | e — e - - e e \
) ~ n m Monitor |
el B Start-up screen for tool N et o

Vintage | i ] #mfted M&mtorE

( ' Apply existing Timeshift Volume:

(@) Estimate from Reference:

Reference (Baseline) Selecti

| # 7 - Stack_6vintages

V| Lock Vintage | 1016 |£‘

Time-Shift Estimation method

=

Estimation Parameters

Time smoothing type ‘( Second vertical derivative ‘

Constraint level [ 10.000 ‘ =

Extra diagonal weights | 0.000 ‘:|

Convergence criterion \ Increasing residuals

Number of Iterations ‘ 10 }:l

Pre-scaling | Using AGC

AGC Time window length ! ZOO.OOJ‘_: i@

Til hift Lateral smoothing ' - | B
Inline Direction: | 3[3]10-15)
Crossline Direction:l 3 Ei[o -15]
2600

Outputs
v T Time-strain

(@ Seismic () Shi () Strain
Read Out: Read Out: Read Out: Read OQut: Read Out: Read Out: I \

V| Shifted Monitor Convergence QC :
XL: | 1916 |3 |
Parameters Preview | Display mode V| Lock to location {.‘

‘_’Can:el J o ‘_ogalculate‘




Timelspse hmeshlft estirnatmn and correction

Monitor Reference Observed Time-shifts Time-strain Monitor-Reference Shifted Monitor-Reference Seismic Amplitude
Monltor valume:; [;#:7, Stack Gvintages 2000 1900 2000 1900 2000 1900 2000 1900 2000 1900 2000 -4 2 0 2 4
| ey I (I oty | et oy e e B e e o S e e e A [ I M e Ve i g I T e e ey B il e e )
Inline I 1 .

B Monitor \

S ‘ Quick selection of analysis location via dropper tool: e

Vintage B Shifted Monitor

Apply existing Timeshift Volume:

1. Select location (e.g. from a map viewer)
@) Estimate from Reference: o CIiCk “d ropper t00|”
———— Ralmea esting) Suivetion | « Click on selected location in map viewer

# 7 - Stack_6vintages

Vv Lock Vintage |1016 o

Time-Shift Estimation method

Estimation Parameters
Time smoothing type Second vertical derivative ~
Constraint level 10.000 |5
Extra diagonal weights 0.000 =
Convergence criterion Increasing residuals
Number of Iterations

Pre-scaling Using AGC

AGC Time window length 200.00 (5| ms

Timeshift Lateral smoothing

-

Inline Direction: 3 $/[0-15]

Crossline Direction: 3 |5/[0-15] ’v ‘ '
AT WY S

Outputs ) fq 1 " @ Seismic i Strain

Time-strain Read Out: Read Out: Read Out: Read Out: Read Out:

v Shifted Monitor Convergence QC
XL:

Parameters Preview Display mode ; : v g g V| Lock to location £

: Cancel {’)‘ Calculate




___ | Monitor

Monit I | # 7 - Stack_6vintages

Inline |

- |
Crossline |

Vintage \

( ' Apply existing Timeshift Volume:

(@) Estimate from Reference:

Reference (Baseline) Selecti

| # 7 - Stack_6vintages

V| Lock Vintage | 1016 i:A\

Time-Shift E:

| NLIID

Estimation Parameters

Time smoothing type 1‘ Second vertical derivative \

Constraint level \ 10.000 ‘ =

Extra diagonal weights \ 0.000 ‘\:I

Convergence criterion i Increasing residuals

Number of Iterations ‘ 10 ‘:l

Pre-scaling | Using AGC

200002 ms]

AGC Time window length !

Tii hift Lateral smoothing

Inline Direction: | 3 |3/[0-15]

Crossline Direction: ‘ .,[0 15]

Outputs

v Time-strain

v Shifted Monitor Convergence QC

Parameters Preview Display mode

Timelspse tmeshiift estmatiofn and correcton
Reference Observed Time-shifts Time-strain

2000 1900 2000 1900 2000 1900 2000
L1

Monitor-Reference Shifted Monitor-Reference

1900 2000 1900 2000

LS L1 L L |1|.‘||'||l|‘=||

Read-out traces:
1. Display selected traces for
*  Monitor (before alignment),
 References, and
* Shifted Monitor
“Lock to location” or “Cursor read-out”

2600 —

Read Out: Read Out: Read Out: Read OQut:

‘ WW f.( W n“‘_m

Read Out:

Read Out:

W Monitor |
n Reference
o E.hmed Mdnitor

-

() Strain I

5]

1916 |3/

V| Lock to location

‘ ! Cancel ‘

r]

\g Calculate ‘




Timelspse tmeshift estimation and correction

o o ) | Monitor Reference Observed Time-shifts Time-strain Monitor-Reference Shifted Monitor-Reference Time Shift (Observed)
Monitor volume: | # 7 - Stack_6vintages gy 2000 1900 2000 1900 2000 1900 2000 1900 2000 1900 2000 4 3 =2 a1 o0 1 2
- | RS A R B R T ot O PG O ) e S i T e e o e e o )
Inline | | | 1 | 1 A | | A 1
f =] L4001 B Time shift
Crossline | | . "
2R Read-out traces: 0

Vintage

| Apply existing Timeshift Volume: Change curve style ») .~/ ‘

| RMB on label (here “Time shift”)
) Estimate from Reference: | allows to change curve style. You can

Curve style: | Sticks - |

Sample markers: |CircEe - |

# Tz Stalk_ﬁvin;aégs

————— Reference (Baseline) Setection ———— now see individual samples. Works for — cuve coor. [l [chonse oo
seismic traces as well ok || clse |

V| Lock Vintage | 1016 V:V‘

Time-Shift Estimation method

NLIlD | Fit view to data

Estimation Parameters ——————— RMB in empty space opens a menu. Autorescale

Time smoothing type 5,Sic9nd venical:!;fygtile; [ YO u Can eXpO rt I n d IVI d u al traces to a Show legend
Constraint level 10.000 |3 | Show grid

.csv file

Extra diagonal weights | 0.000 |* Show zero levels

Show marker values

Convergence criterion | Increasing residuals

Number of Iterations ‘ 10 |$ Save as image...

pre-scaling T 2 " RMB on axes and colourbars gives
AGC Time window length | 200.00 |5 .
o access to axis and colourbar _

properties. This allows fixing axis limits . . v I 1

etc.

Export to csv file...

s |
=3

basse

Ti hift Lateral smoothing
Inline Direction: | 3 %[[0-15]

Crossline Direction: | 3 3/[0-15]

L] _ T I I

Outputs ' — - T e > 4 ) Seismic e Shift ~) Strain

v Time-strain Read Out: Read Out: Read Out: Read Out: Read Out: Read Out:

v | Shifted Monitor Convergence QC 4 | 1 i
‘ - ‘ ] : XL: |
. 3 ) | Il i 2 : 3 -[L.1 .09
Pi Preview Display mode y ! i
araineters play 5 2 0 2 2 0 1 0 11 0 1 v | Lock to location

\ ‘ Cancel | ), [ ogalculatg [




2 Monitor Observed Time-shifts Time-strain Monitor-Reference Shifted Monitor-Reference Time Shift (Observed)
L .’
—X IH & h fo % 2000 2000 1900 2000 1900 2000 1900 2000 1900 2000

Tt B R B P e e et e el -,.'! L L PeerE] R | Y
V| Synchronize view : 1 f / “ ? l I ' [ ’ \‘ ' H Time shift

3' I ('8

| ‘)‘1
! §|

/| Synchronize histograms

v Synchronize wiggle plot options

Display horizons
—f 03_TopReservoir
| 02_0B_BCU Top
« 03_TopReservoir_1stResSand
\ 04_IntraResShale_Peak
\ 07_BaseReservoir
== 08_Basement
|#»| == Seabed
~ Polygon Selection
};i foe] MapPoly_Reservoir_FaultBlock
ey MyPolygon
p= | MyPolgon2
| MapPolygonProbe
};l = MyPolygon3
) | | foo2
@) i foO1
\;1 = NRMS-Investigator
v Well
|4/ m Exploration_1
};I = |njector_1
l%| == Injector 2

Display preview

14| Monitor

%/ Reference

las| Shifted Monitor

\%| Observed Time-shifts

% Time-strain

i/ Monitor-Reference

| Shifted Monitor-Reference
e Shifted Monitor-Monitor
las| Maximum Cross Correlation

1. Display “Horizons” and “Wells” in tool for context

E = L R T

> 4| y 4 <8 i 1 | Seismic 0 () Strain

Read OQut: Read Out: Read Out: Read OQut: Read Out: g [

| mmm : " Ib H = =
Parameters ‘ Preview [ Display mode 5 0 2 g 0 v Lock to location “‘ ‘

1 ‘ ?VCancel _7 ),'2 \ @ \




Timeshift estimation

(5) Timestrain maps as a 4D
attribute

Learning goals:

« Demonstrate the use of time-lapse timestrains
as an interpretable 4D attribute

* Similar information content of timestrains and
acoustic impedance change

=
- MapView=10 [# 635 - Calculate Volume Siice(# 380, + 380}]

DE/ L4908 LLO0AY A=
~ Cursor Read Out 3000
World X 2968.78 m

World Y 144713 m

Timestrain
Top reservoir +12ms
1025-1018

Inline 962.935

Crossline 1985.85

0

Vintage

Time 0ms

Volumes
» % # 142 - Timestrains.simpli
» % # 77 - Timestrains.NLI1D

Difference volumes:142-142

LR 12.00 |3 ms

X105 - 1012 Vintage]

Off () Lock (@ Step Vintage

@ Horizons

~ %/ cultural Data
4| = Top_Reservoir_Faults Crop2Seismic

@/ Arbitrary Path

@ Polygon Selection

- Well

@/ Seed Points

DE/Z L4+ 408 LLOAd W=

~ Cursor Read Out 3000 SDIOD GOIDO 70;00

World X 6747.67 m

World Y 10498.6 m Timestrain

Inline 1400.13 Top reservoir +12ms
Crossline 1950.43 1018-1016

Vintage o N ;

Time 0 ms

Volumes
» % # 142 - Timestrains.simpli
» % # 77 - Timestrains.NLUI1D

| B Difference volumes:142-142
L 12.00 3| ms

VLER[10168 1012 Vintage] 3

Off () Lock (@ Step Vintage,

@ Horizons

4| Cultural Data
4 = Top_Reservoir_Faults Crop2Seismic

» || Arbitrary Path

» @ Polygon Selection

>

>

o Well
@» Seed Points

Histogram

) # 633 histogram

Time Strain histogram

Set as Content specific histogram
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Exercise 5

Timestrain maps as 4D attributes for interpretation

Data Pools 41 Golrse’ Cleanta@del |12

Global Memory: |

Amplitude (#77)

“

| Local Memory: 46.133 GB

48 © Sharp Reflections 2023

21 October 2023

Investigate the use of timestrain as a 4D map attribute, and
compare with acoustic impedance difference maps

1. Display your timestrains (using your favourite estimation
method) in a “Map Viewer”. Either drag-and-drop to Map-

viewer icon, or
Highlight items using Ctrl+LMB, then RMB into empty
space in Data Pool, the “Show selected volumes in Map

Viewer”

Here | am using the timestrains from simpli and NLI1D

SHARP REFLECTIONS




—
Timestrain maps as 4D attributes for interpretation

The Map Viewer shows by default a time slice.

HEls L4040l 250 A% mk

~ Cursor Read Out

Using the “difference-in-viewer” (1), difference maps on horizon

World X | 2810.23m|
e | e can be calculated and displayed on the fly.
Crossline | 1960.59 |

Time

EE Calculate Difference Maps 3] l
X .

‘ “Difference-in-viewer” opens a “Calculate Difference Map”

olumes .
5 & 42-Time5trains.51mpl Jr— o —_— . o Input Volume Reference Volume Input - Reference WlndOW

(K@ 1L e e e A 11800 2000 1800 2000 1800 2000 “« . » « .y

‘ e N S .

| gt votame: (3202 Timesramssmsi T8 Timesstrain (simpli algorithm) - 2 Toggle on Use Horizon" and select “03_TopReservoir
e et e wh o T T4 3. Shift horizon downwards by 8 ms.

Y : Crossline 1974 |2 hIN“% S b 4 Pr “K ”

Time Vintage | 1016 - 1012 Vintage <[ Monitor: 1016 (ref. 1012) ' ess eep

Vikage 8 S0 # 142-Timestrains‘:::ep‘lrlem:e E2RV .4 ‘l.: ) ! " . 1 ?

Off (@ Lock 'VStep Vintage | 1009 - 1012 Vintage | * Base: 1009 (ref. 1012) ° NOte the horlzon d|3p|ay In the pre'VIeW
2 ® Use Horizon fOB_"’I'bgRgseryoirr \‘ | ’ 2400

* Note also the effect of controls in “Vintage” and selection for
“Input Volume” (=Monitor) and “Reference Selection”
(=Baseline). We will discuss these in detail in the next slide

* Horizon extractions can be done on several horizons
simultaneously using “Horizon decks” instead of a single

» || Horizons T (| Use Horizon Deck |8 <]

~ & Cultural Data

7% mem Top_Rese: 3 Horizon shift | :I:
™
g8 Artitrary Sath Use Fixed Time |
» l@» Polygon Selection I

> les Well Current difference:
» | Seed Points

*Volumes: 142 - 142
*Vintage: 1016 - 1009

d. horizon
.'.ﬁ ?
E : ; g L= : Alternatively, multi-vintage maps can be generated using
o o s “Interpretation-Processing”>”"Create Maps” and “Interpretation-
et IR M L M Processing”->"Create Interval Maps”. These maps can then

%o | 4w | 4| | (@lSO) be displayed in the Map Viewer
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Exercise 5

Timestrain maps as 4D attributes for interpretation

MapView-10 (3 633 - Galculate Volume Slice(# 280, # 380)]

Dl 7 5

~ Cursor Read Out

LT Y Y ETY Y e

3000

World X
World Y
Inline

Crossline

24755 m

10190.3m
116179 |
1704.24

Vintage

Time

Volumes

» |4 # 142 - Timestrains.simpli

» 4| # 77 - Timestrains.NLI1D
-i Difference volumes:142-142

3  |vintage | 1016 - 1012 Vintage

Off (@ Lock

41 s

» @/ Horizons
~ &/ Cultural Data
74| mmm Top_Reservoir_Faults_Crop2Seismic
» @/ Arbitrary Path
» l@»/ Polygon Selection
> ee Well
» @» Seed Points

Step Vintage |1014-1012 Vintage

oms)

Move ta Top

= Move Up
Move Down

Move to Bottom

'E' Remove

uuuuu

Histogram
® # 633 histogram
Time Strain histogram

Set as Content specific histogram

Timestrain
Top reservoir +12ms
1016-1014

21 October 2023

The “Map Viewer” now shows the 4D difference in time-strains

Spend some time to think about how to control the display, and
how the vintage controls work

1. RMB on the selected difference volume, “Edit” brings back

the “Calculate Difference Map” window

Control moving slice-horizon up/down

Monitor selection. On the left, Monitor volume is Timestrain

1016, with reference to 1012 (1016-1012)

4. Baseline selection: “Lock” sets the baseline to value shown
in spin-box. Here Timestrain 1014, with reference to 1012.
Therefore we are taking a double-difference:

(1016-1012) - (1014-1012) = 1016-1014.

5. Baseline selection: “Step”. This creates step-wise diffrences
with a step-size indicated in the spin-box. In the example,
the Monitor selection (3) is timestrains in 1016 (with
reference to 1012), using a step of -1, the baseline is
timestrains in 1014 (with reference to 1012)

W N

Hovering the mouse will show vintage difference

Off (@) Lock Step Vintage | 1014 - 1012 Vintage |+

Off Lock (@ Step Vintage -1 (&
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Timestrain maps as 4D attributes for interpretation

IMe SIICe(# 580, % 380}

LS R0 B LHOAY W s

3000 4000 5000 5000

rid e 78m
World Y 144713 m T H
Timestrain

Top reservoir +12ms
[ — 1025-1018

Vintage (ETEREXTERIR

Off () Lock () Step Vintage.

1BpVIEY/-10|[5 633 = Calctlate Vol ime SIce(# 550) 550

SR OB LLOAFE =

Worax eraerm

e — Timestrain

Eret T Top reservoir +12ms
vintage o

Time ome

1018-1016
-

RGEM[016 1012 Vintage]

Off () Lock (@ Step Vintage

Vintage (EXETTTRRE

Off ) Lock () Step Vintage.

» | Horizons
~ /% Cultural Data

» | Arbitrary Path
» [ Polygon Selection
>l Wenl

» | Seed Points

/%) = Top_Reservoir_Faults_Crop2Seismic

21 October 2023

e e e et It Using the vintage controls for baseline and monitor, familiarize
ey o Timestrain yourself with the timestrain maps.

crossi 10485 Top reservoir +12ms

[Prame = 1012-1009

You can also repeat the exercise with timestrains calculated a
different algorithm

What does a “positive” and “negative” timestrain mean in terms
of reservoir velocity changes?
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Exercise 5

Comparison of 4D timestrain and 4D acoustic
Impedance differences

Calculate Volume Slicels 380, # 380)]

4500

MepView-12{# 639 -
DE/Z L4 a0 L LOAME =
Cursor Read O 3500 4000

World X 6070.42 m

World Y 10199.1 m

Inine | 137571

Crossline 1896.45

Vintage 0

Time 0ms

Volumes

» 4 # 1 - RelativeAl_6vintages
-’l Difference volumes:1-1

Vintage 1018 |5

Off () Lock (@ Step Vintage 1

11500

11000,

» || Horizons

» 1%/ cultural Data

» |@s| Arbitrary Path

» ; Polygon Selection
> e Well

» |as| Seed Points

1
.
10500/

Histogram
@ # 639 histogram
Acoustic Impedance histogram

Set as Content specific histogram

5000

5500

6000

6500

7000

Repeat map creation using multi-vintage volume of Relative
Acoustic Impedance Inversion volumes
File Manager: “Other - RelativeAl_6vintages”

21 October 2023

You will find a strong anti-correlation between

time-strain and AAI

* negative timestrain - positive acoustic
impedance change, and vice versa,

* positive timestrain - negative acoustic
impedance change

Why? If you are uncertain, have a look at the
background material (p. 61 ff)

SHARP REFLECTIONS




Comparison of 4D timestrain and 4D acoustic
Impedance differences

Timestrains

Acoustic impedance difference

L% O ® 2. YR . _
Timestrain 7 A Timestrain / . 1 ¢S “ AAI !.
1016-1012 ; 2 1016-1014 ” 1016-1014

Timestrain
1018-1014

Timestrain o i AAl
1018-1016 ' g o 1018-1014

-0 &4

-
7

AAl
1018-1016

21 October 2023
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oig), ROBLLOAD

3000

om
O om
[ 129s36]

2186.00 |3 ’"‘_i‘

2712.00 || ms

= = L] [] . 4
] jmm Seabed
[Tmeshift estimation e o cossootng e
O b s i restricted to map-polygon
@] = MyPolygon

|4 wem MapPolygonProbe
@] f002

@] fo01
|@, = NRMS-Investigator 2 e
> | wen ) Time Horizon histogram

(6) Crossplotting timestrains and == . ,

# 31 histogram Time Strain vs. Acoustic Impedance [m/s.g/cm*~3]

. . . - 1 Acoustic Impedance Difference vs. Timestrain
aCOUS'“C Im pedan ce d |fferences ] Data restricted to reservoir interval and map polygon

Vintage differences: -1 in squares, -2 in circles

Input Control

Learning goals:

Time Strain

* Another use of the cross-plotting tool

}  Color by third attribute

V| Use Map Polygon | MapPolygonProbe

« Showing the anti-correlation of time-strains and R S e
acoustic impedance changes (AAl)

symbols

Symbol | Circle - | Size | 6px 3|

X-Axis: RelativeAl_Gvintages (Content)
Subselection:

Vintage: 1012 - Baseline: 1009

Range: 2310 .. 1270 m/s.g/cm”3

Bin Si mjs.glem~3

005

Polygon Selection: MapPolygonProbe

Points in 11008
Plot Info | Polygons

54 © Sharp Reflections 2023 21 October 2023 SHARP REFLECTIONS




Exercise 6

, Starting and setting up the cross-plotter.
. Setfti lot
L e I n g u p C rOSS p O Load multi-vintage Timestrains and Relative Acoustic
7 Impedance Inversion volume to data-pool
F;' Select input for cross plotting velumes E Y
€ X Axis:| # 1 - RelativeAl Gvintages 3 =] 1. Double-click to open cross-plotter window
= FEE L YL . os Ditoremee Baseline 2. “Add Plot” = “Volumes” to open control window
ozt N — . erTTE—— 3 r 3. “RelativeAl_6vintages” on x-axis
;. " o [ select Vintae “Timestrains.simpli” on y-axis
- }  Use Difference Baseline . . “
= 4. Restrict data to a polygon by enabling “Use Map
€ }  Color by third attribute ” “ ”
[ ® Polygon”, and choose “MapPolygonProbe
% - | 5. Extract data from volumes between horizons (or at
A . .
e 1 - Window between Horizons ~ ] | ymbors shifted ho“zon)
—-Ti' I ?;vmumes 2 | Input Controf —| || Top Horizon 03_TopReservair [ Size | Gpx |+ b Here extract data |n I’eSGI’VOII’ |nterva| bounded by
& Volume Axes . a| 113 L 113 ”
i Howg. Top Shi 000 2] ms| 03_TopReservoir’ and “05_IntraResShale
# LFcs . . . « .
B- ' S B e 'D“' 6. Extract subvolumes from multi-vintage data by “Axis
Bottom Shift 0.00 |5 ms Y ”
.E Total Horizon Range [2062.42 .. 3062.34] m5| DeCOmpOSItlon « . ” .
— _ « Decompose the “Vintage” axis
B - L. of gose «  Use all vintages
8- Rk s «  Use sequential differences
i i Axis Decomposition 7. “Ok”
o Decompaosition Axis | Vintage | 6 * | o
ol Erom 1009 || To| 1025 12| Decimation 1~ 6 In prlnc[ple, the data extracted b(_atween top- and bottom-
- - i — reservoir should appear. In practice, we may have to coax
: Gt [ Yleck (oY Stan Wintagh 212 e the data to plot ... more on this on the next slide. This is a
- pre-release version of the software, and under construction.
Plot Info Polygon: # pﬂll‘lt :In“ds: 5
Color scheme Yalue-based Colors (64) oo
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—
Setting up cross-plot: Controls

B s ¢l B[%] 7% .5 0A Start exploring the data

~ Cursor Read Qut

Time Strain vs. Acoustic Impedance [m/s.g/cm ™3]
Acoustic Impedance | -2329.25 m/s.g/cm* 3| N 3
500

Semblance ‘ F‘Wi“mlﬁ o 0.193283 | L :zmm L —IIS‘DD L VIIII‘DO ) o L1 ‘5||Ju L I]nlnn ‘ If data does not appear o try

e | 4 ] 1. Setting the toggling from “density display” to

B e . ] “discrete points”

2. “Recalculate points”
o — 50 3. Zoom x- and y-axes (hover mouse over axis, and
e SIS RN use scroll wheel on MMB)
¥ Axis: [ # E 0.00 .
: Data will appear ...

V| Use Map Polygon | MapPaly_Reservoir_FaultBlock [®] i us_: . . . . .
R 4. Highlight subset of the multi-vintage dataset (click,

—— = = or use up/down keys) to bring to front

Y-Axis: Timestrains.simpli (Content)
Subselection:

Vintage: 1012 - Baseline: 1009
Range: -0.137 .. 0.157

Bin Size: 0.0005

Polygon Selection: MapPoly_Reservoir_FaultBlock

Paints in Selaction: 74571
Plot Info Polygons

21 October 2023 SHARP REFLECTIONS




Exercise 6

Setting up cross-plot: Adding more data

Ergdd dmal -H-%- 21

~ Cursor Read Out

Acoustic Impedance [

-2253.62 my

Select input for cross plotting volumes

(2

X Axis:| # 1 - RelativeAl_6vi

|#]

Select Vintage

b Use Diffe

1012 - 1009
1014-1012
21016 - 1014
1018 - 1016
i 2 1025 - 1018

int
intage: 1014 - 1009
1016 - 1012
intage: 1018 - 1014
intage: 1025 - 1016

! | Axis:| # 142 - Timestrains.simpli

- Select Vintage

cl

b Use Diffe

¥ Coler by third attribute

V| Use Map Polygon | MapPolygonProbe

E3

|?| Top: 03_TopReservoir
- | Bottom: 05_IntraResShale

v | Skip hard zeros

Input Control

¥ Axis:

}  Color by third

V| Use Map Polygon | MapPolygenProbe

|- | Top: 03_TopReservoir
| - | Bottom: 05_IntraResShale

V| Skip hard zeros.

symbals

Symbol | Rectangle ~ |

Symbol | Circle ~1 3

Scatterplot symbol.

Size | 6px |2

Axis D iti

ains.simpli (Content)
‘Sul

Vintage: 1025 - Baseline: 1018
Range: -0.137 .. 0.157

Bin Size: 0.0005

Polygon Selection: MapPalygonProbe

Paints in 11008

Plotinfo | Polygons

Y © Sharp Reflections 2023

# point clouds: 4

Decomposition Axis | Vintage b i
X-Axis: RelativeAl bvintages (Content) From 1009 2| To| 1025 |+ | Decimation | 1 3]
Subselection: J 1= J
Vintage: 1025 - Baseline: 1018
Range: -38400 .. 40400 m/s.gfcm™3 el
pinlsiatioisalonss () Off () Lock (@) Step Vintage 2 [3]

2

Color scheme

| . Red, blue, green, white

Add more data

1.

3.
4.
5

Highlight top level data and “Add plot”.
* Note, that the “Input selector” shows the
inputs used previously for the top level data
« If alower level data had been used, this data-
set would be the basis of creating an
additional dataset to the plot
Use a Vintage difference of -2 (Vintage differences
of 2)
Use circles to depict data
Choose a new color-scheme
“OK”

New data will plot ... if not all data plots, press re-
calculate.

Input Selection Custom axis ranges

|_ :Cancel || JDk_

21 October 2023
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Exercise 6

Explore crossplot

Open ,Map Viewer" and display
top reservoir horizon

Cross Plot Window 3

MapView-13 {03 TopReservain]

Nol sz L3¢ a0 200 A% @ = L cmal -H-%- /7% 0 0A

™ Cursor Read Out Time Strain vs. Acoustic Impedance [m/s.g/cm~3]

~ Cursor Read Out 3000 4000 Acoustic Impedance | -1106.25 m/s.g/cm 3 | M
e T SrmirmEs [ “0.18914 | -1500 -1900 -5p0 9 500 1000 1500
— I 1 ‘ 2
World ¥ 0m| ntag= 1012 - 1009
. v ih- intage: 1014 - 1012
Inline 1166.74 | L intage: 1016 - 1014
intage: 1018 - 1016 0.154]
Crossline 177517 intage: 1025 - 1018
2, Vintage decomposition
Vintage 1012 . intage: 1014 - 1009
¥ intage: 1016 - 1012
Trace o - intage: 1018 - 1014 010
# 31:Time 2473.16 ms = iages 1025 1018
Volumes
-1 # 31 - 03_TopReservoir
) 4, Add Plot Ml 7l 0.05-{
“l Il||»| | @ Input Centrol
Min: 2186.00 |2 ms | e Ata: |||
a0 - <
e RMB | d Edit*t i°
on a polygon, and ,Edit* to :
. ¥ Axis: |# E
make active
. -0.05+
t+ Center View
» Color by third attribute
. V| Use Map Polygon | MapPoly_Reservoir_FaultBlock 3
Edit MapPolygonProbe... | Top: 03 TopReservalr

| Bottom: 05_IntraResShale
/| Skip hard zeros

Excluding Polygon

& m== Seabed
Cultural Data ¥ | Draw polygon fill
» |@» Arbitrary Path
Polygon Selection
MapPoly_Reservo

——— =mew— | Displays all difference-data from multi-vintage Bﬂfg, N
timestrain and acoustic impedance inversions f+-%-«- %
Emaatecaions . rtooes (Conter] » Between horizons, and : :

Vintage: 1012 - Baseline: 1009

B Shoe: 3 i giem » In active selected map polygon (here, o 1
_:;:xgl:l:;g?::rains simpli {Content) ye”OW fault block) D

Vintage: 1012 - Baseline: 1009
Range: -0.154 .. 0.17
Bin Size: 0.0005

|-

Renarme Selection...

| MyPolygon
¢ i MapPolygonProbe Remove Polygon...

“
-
5
| 002
-
-

| m fOO1

Calculate Area...

== NRMS-Investigatd

" : ‘Su:el:i Points Extended Statistics...

Polygon Selection: MapPolygonProbe

Paints in Selection: 11008
PlotInfo | Polygons.
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Explore crossplot

Al amE R

~ Cursor Read Out

World X om
World Y om
Inline 1295.36
Crossline 1847.17
Vintage | 1012
Trace 0
# 31:Time 2496.29 ms
Volumes
-
B - @
Min: 2186.00 |3 Vms‘
In —
Max: 2712.00 (S| ms

| = Seabed
4| Cultural Data
» s Arbitrary Path
& Polygon Selection
MapPoly_Reservoir_FaultBlock
- MyPolygon
MapPolygonProbe

fool
NRMS-Investigator

pisieisiaie

-
—
j fO02
[
=

> A Well
> l&» Seed Points

RO®

MapView15 (05 N OpRESENVI

O A [ s

3000 4000

Histogram
# 31 histogram
© Time Horizon histogram

Set as Volume specific histogram

D0 se $

PlotWindow S

Exercise 6

~ Cursor Read Out

Acoustic Impedance |

-1206.78 m/s.gfcm” 3|

Semblance [

0.00161364

%@ vintage: 1012 -
| 43@ vintage: 1014 -
5@ vintage: 1016 -

: 1018 -
- 1025 -
=

%m0 Vintage: 1016 -

C:

= l®/¥g# 1 vs. # 142, Vintage decomposition

1009
1012
1014
1016
1018

1009
1012
1014

-1000

Time Strain vs. Acoustic Impedance [m/s.g/cm~3]

Acoustic Impedance [m/s.g/cm ™3]

| 3| @ Vintage: 1018 -
%) =@ vintage: 1025 - 1016

- | Bottom: 05_IntraResShale
v/ Skip hard zeros

4, Add Plot Mk ] 005t -------- G R
Input Control |
X Axis: £ = |
g ]
®
-1 ]
¥ Axis: E] E 0.
S
» Coler by third attribute 1
V| Use Map Polygan | MapPolygonPrabe 3 1
- | Top: 03_TopReservoir ape oo o

symbols

Symbaol | Circle -

X-Axis: RelativeAl_6vintages (Content)
Subselection:

Vintage: 1012 - Baseline: 1009
Range: -2310 .. 1270 m/s.g/cm ™3

Bin Size: 5 m/s.g/cm”3

Y-Axis: Timestrains simpli (Content)
Subselection:

Vintage: 1012 - Baseline: 1009
Range: -0.154 .. 0.17

Bin Size: 0.0005

Polygon Selection: MapPolygonProbe

Paints in Selection: 11008
Plot Info | Polygons

Size

6 px

Displays all difference-data from multi-vintage

timestrain and acoustic impedance inversions

» Between horizons, and

» In active selected map polygon (here,
black polygon near blue injection well)

21 October 2023
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Explore crossplot

MEpViEW-13 103 TOpRESENV!

BOBLILUOAN M = O c#e ¢ al %% 2%7 OA

~ Cursor Read Out

il 7 X

~ Cursor Read Out

Time Strain vs. Acoustic Impedance [m/s.g/cm~3]

3000 4000 Acoustic Impedance -352,983 m/s.gfcm ™3|

Acoustic Impedance [m/s.g/icm ™3]

Semblance 0.148261

World X om - -1000 -500 500 1000
~ | /g# 1 vs. # 142, Vintage decomposition L I 1 L
World Y om |l @vintage: 1012 - 1009
= = intage: 1014 - 1012
o T = Intage: 1016 - 1014
fles 123308 - intage: 1018 - 1016
. 14000 ] intage: 1025 - 1018
Crossline 2023.07 - 142, Vintage decomposition
: 5 el 44 T¥|Vintage: 1014 - 1009
Vintage 0 % {4 |Vintage: 1016 - 1012 L0
o & 1018 - 1014
Trace 0 | : 1025 - 1016
Volumes
-‘i # 31 - 03 TopReservoir 13000
Rl e @ 3, Add Plot Ml o} 0.05-{
N Input Control
Min: 2186.00 |2 ms | plass #
JL — _
Max: 2712.00 3| ms | %
P
12000 ¥ Axis: = E 000
E
} Color by third attribute
V| Use Map Palygon | MapPalygonPrabe 3
- | Top: 03_TopReservoir i)

-| Bottom: 05_IntraResShale
V| Skip hard zeras

| m= Seabed

% Cultural Data

» @ Arbitrary Path
x Polygon Selection

—— =me:———— Displays all difference-data from multi-vintage
timestrain and acoustic impedance inversions

X-Axis: RelativeAl_Buintages (Content) . H
® MapPoly_Reservoir_FaultBlock 21000 \sﬁ':.f:;;‘igﬁ'iaasme 1009 Between horlzons' and
M| =) MyPolygon Bin Sines s misgiam 3" » In active selected map polygon (here, ‘ T
% === MapPolygonProbe . . A
- Y-Auxs: Ti impll (Content
o = foo2 Histogram Suveeiecaan: " o black polygon near green producer well) ’
e Vintage: 1012 - Baseline: 1009
8] == 100, # 31 histogram Range: -0.154 _ 0.17
w»| wmm NRMS-Investigator Bin Size: 0.0005
> % Well S} Thme: Horizon histogiarm) Polygon Selection: MapPolygonProbe
» e/ Seed Points St Volirme specific histoprai Paints in Selaction: 11008 -

PlotInfo | Polygons
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Timeshift estimation

Background

« Causes of production-induced
timeshifts

« Estimation and correction of
time-lapse timeshifts

 Interpretation of time-lapse
timeshifts

61 © Sharp Reflections 2023

Seismic amplitude
IL = 1235, XL= 1844

Seismic amplitude
IL = 1235, XL= 1844

-4

L I 1 n 1

A Monitor
W Reference

W Shifted Monitor

Reservoir

Reservoir

21 October 2023

Vintage 1018
IL 1235, XL 1844

, Vintage 1018 shifted
- 1L 1235, XL 1844

SHARP REFLECTIONS




62

Causes of production induced time-lapse timeshifts

© Sharp Reflections 2023

Conceptual model for causes of
production induced time-lapse timeshifts

AVp or AAI Timeshift At Timestrain dAt/dt
-0 + -0 + 0 +

Time t
3!
o
2|
o,

Reservoir: Pressure increase, or gas out-of-solution = velocity decrease

21 October 2023

Background

-ve AAIl or AVp: Softening
- +ve Timestrain
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Causes of production induced time-lapse timeshifts

63

© Sharp Reflections 2023

Conceptual model for causes of
production induced time-lapse timeshifts

AVp or AAI Timeshift At Timestrain dAt/dt
- 0 + - 0 + -0 +
2 | reservoir ] [ reservoir _ [Lreservorr
|_

Reservoir: Pressure drop, or water-replacing-oil = velocity increase

21 October 2023

Background

+ve AAIl or AVp: Softening
—> -ve Timestrain
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Causes of production induced time-lapse timeshifts

64

© Sharp Reflections 2023

Conceptual model for causes of
production induced time-lapse timeshifts

Time t

AVp or AAI
- 0 +

Timeshift At
0 +

Timestrain dAt/dt

0

+

Reservoir: Pressure drop, water-replacing-oil, or compaction = velocity increase
Overburden + underburden: Extensional strain = velocity decrease

21 October 2023

Background
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— Background

Correction of time-lapse timeshifts and 4D amplitude differences

Vintage 1009 (Baseline)

) Inline 1235, Crosslines 1800 to 1950 R Seismic amplitude
- IL = 1235, XL= 1844

AL
W Reference
M. Shifted Monitar,:.. ;. 2
D
ks -

Reservoir

TWT: 2.310 2.7 [S]

Vintage 1009 (base)
IL 1235, XL 1844

Seismic amplitude

-2.5 0 5N

.0
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— Background

Correction of time-lapse timeshifts and 4D amplitude differences

Vintage 1018 (Monitor)

) Inline 1235, Crosslines 1800 to 1950 R Seismic amplitude
A IL =1235, XL= 1844

AL
W Reference
M. Shifted Monitar,:.. ;. 2
D
ks -

Reservoir

TWT: 2.310 2.7 [S]

Vintage 1018

IL 1235, XL 1844
T

Seismic amplitude

.0
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Background

Correction of time-lapse timeshifts and 4D amplitude differences

67

TWT: 2.310 2.7 [S]

Vintage 1018 (Shifted monitor)
Inline 1235, Crosslines 1800 to 1950

Seismic amplitude

.0

© Sharp Reflections 2023

2.5 0 5\

21 October 2023

Seismic amplitude
IL =1235, XL= 1844

-4
| L 1

] r"'n?ni tar
= Reterence
M Shifted Monitor.

s
|

——
e,

g —amemmrm T
-------------

Reservoir

i

‘‘‘‘‘

. Vintage 1018 shifted
.H, IL 1235, XL 1844
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Background

Correction of time-lapse timeshifts and 4D amplitude differences

1018 - 1009 (Monitor — Base)
Inline 1235, Crosslines 1800 to 1950 Seismic amplitude
, » IL =1235, XL= 1844

A
v

|
i -4 & 0 2 4
H 1 | L 1 L 1 L I L 1 1 1 | 1 1 1 1
i W Monitor //l)
W Reference
M. Shifted Monitar,;: <
@,
[\ TS Reservoir
™
N
S
= :
Spurious
amplitude

Spurious difference
amplitude

difference | | A —’{ —
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Background

Correction of time-lapse timeshifts and 4D amplitude differences

Shifted 1018 - 1009 (Shifted monitor — Base)

v

A

Inline 1235, Crosslines 1800 to 1950

4D signal

TWT: 2.310 2.7 [S]

Spurious

amplitude
difference

v| removed

Amplitude difference

-2.5 0.0

25

69 © Sharp Reflections 2023

21 October 2023

Seismic amplitude
IL =1235, XL= 1844

-4 = _ 2 :
| 1 1 1 | 1 1 1 i | , I I
o
|- Maonitar e —
B Reference - . -
B Shifted Monitor. . -—-.__--_-_“
s
e
- e-..‘-_'::""
4D signa R
mmmanmmmmn T I
B v Reservoir
=
<
g gl
Spurious S
amplitude -
difference
=
removed —
_>-_q-:-::: ------- b
P
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— Background

Timeshifts and timestrains for 4D interpretation

Seismic amplitude Time-lapse timeshifts At [s]
IL =1235, XL= 1844 IL = 1235, XL= 1844

A < >
B Monitor B Time shift:

 Reference At T 4ms
M Shifted Monitor: < One Sample

Sample-by-sample
estimation of
timeshifts between
base- and monitor
surveys

TWT: 2.310 2.7 [5]
|

70 © Sharp Reflections 2023 21 October 2023 SHARP REFLECTIONS




— Background

Timeshifts and timestrains for 4D interpretation

Time-lapse timeshifts At [s] Time-lapse timestrain dAt/dt [-]
IL = 1235, XL= 1844 IL = 1235, XL= 1844
R , | ,_D.-c|'04 , | I-D,fIJ02 , | , (i} , | , D.Cilf.l2 , | , l],0|04 , | IJI,UUE I{J.] , , , , -l],|05 , , , ,III fil . , . . l],[|15 0.1

S

.

~ >
o\

) o

+ Computing time-

2 strains from (

. timeshifts by a \t

E vertical derivative /F

= /

Use average timestrain across
reservoir as a 4D attribute
Vertical derivative is calculated using a 5-point operator (Savitzky-Golay), with (1/12, -8/12, 0, 8/12, -1/12)/Samplelnterval

© Sharp Reflections 2023 21 October 2023 SHARP REFLECTIONS




Timeshifts and timestrains for 4D interpretation

Conceptual model for causes of

Application to field data
production induced time-lapse timeshifts

A_Vp (c]>r A+AI Tlr_nesohleAt T|me_strg|n+dAt/dt AAI map: -ve (1018-1016)

Timestrain map: +ve (1018-1016)

DR/ L4908 PLOAFM = DR/ L4808 L,L0AFASs

...........
,,,,,

Time t
3!
o
2|
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Timeshifts and timestrains for 4D interpretation

Conceptual model for causes of Application to field data
production induced time-lapse timeshifts
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Timeshifts and timestrains for 4D interpretation

M =1012 M=1014 M = 1016 M= 1018 M = 1025

B = 1009

Timestrain dAt/dt B =1018
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Timeshifts and timestrains for 4D interpretation

M = 1012 M=1014 M= 1016 M =1018 M = 1025

B = 1009

Production timeline
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