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We have a swath of raw (time-migrated) gathers
running through three wells.

These have been processed through a simple data
conditioning workflow, and the processed gathers are
also available.

The same raw gathers have been run through two ML
algorithms, the first removing noise that is coherent
across offset (eg multiples, linear noise). The second
performs gather alignment.

The first part of the exercise is to generate a variety of

H OW th e exe rC | Se QCs on all three volumes, with the aims of evaluating

the data quality and of comparing the ML processing

with the classical route.
WOIKS ... iy

The second part of the exercise is an open-ended
challenge to improve the gather quality and their
fitness for QI work. AVA scaling is a particular
challenge!
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1) Open project
2) Create synthetics for wells 16/2-21, 16/3-8S, 16/3-6

3) Create maps for synthetics Section 1 The idea of this exercise is to run section 1, then
4) Load raw gathers section 2 for each dataset, and accumulate the
5) Run QC workflow | QC plots.

6) Run relative PCube+ seeon There is then an evaluation stage where the QC
7) Make QC plots plots are digested and this may give rise to

8) Add synthetics to QC plots further questions.

J) Load conditioned gathers cection These questions are addressed in section 3.
10)Run QC workflow

11)Run relative PCube+

12)Add to QC plots

13)Load ML gathers Section 2

14)Run QC workflow 17)Run conditioning workflow around 16/3-6

15)Run relative PCube+ 18)Run QC workflow

16)Add to QC plots - 19)Run relative PCube+ Section 3
22)Conclusions for AVO scaling? 20)Add to QC plots

23)Conclusion for ML processing? 21) Tweak workflow
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Background Information: Johan
erdrup
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Johan Sverdrup In short

« Johan Sverdrup located 150 km from the Norwegian coast in
the North Sea

L RCEEENAE

= = = (as pipeline /T Mongstad
* Discovered in 2010 = = = Oil pipeline ,'
0 50km !
* Production start in 2019 i /
,I @ Bergen
* Jurassic Sandstone reservoir at 1900 metres depth, 200 km? ,'
Y
+ Reservoir thickness varies across the field and is estimated ;;'
to range from 2 metres to 38 metres o
o/
* Operator : Equinor (42,6 %), Partners : Lundin Norway (20 /’
%), Petoro (17,36%), Aker Bp (11,57%) and Total (8,44) Pl
/
« Expected production per day : 400.000 (Phase 1) to / B ® Karsto
660.000 barrels per day (Phase?2) il y I
/ Gl ™
* Resources are estimated 2.7 billion barrels of oll : / ,,/’ ® Stavanger
* Norway'’s third largest oil field §
I The Johan Sverdrup field

- e



Johan Sverdrup dataset

- This dataset covers only part of Johan Sverdrup ~asspooc 47opo0  a7sooc  dsoooo  dssooo  asopo0 95000
Approx. 100 km2 '
Cropped dataset for exercises : 33 km2

Outline of Johan
Sverdrup

6.53e+06—

* Wells:
22 wells within the project ] [
3 wells within the cropped dataset ss2seros]  Eyll data 16/2-21
. Horizons | areain the 16/3-8S
1 project 16/3-6

Ekofisk, Draupne, Zechstein, Basement

6.52e+06—

6.515e+06—

| Data used in the
6510006 EXEICISE

6.505e+06—
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479,000 75,000 w0000 &5 000

Johan Sverdrup dataset

A conditioned seismic dataset is used for the following exercises s

Draupne sand is interpreted to be a time-transgressive sheet sand with varying
thickness vary across the field from 2-38 metres.

& 520406

Draupne sand is in most places overlain by varying thickness of soft Draupne Shale

The Draupne formation, which has a high permeability, overlies various lithologies

3,050 3,100 3150 3200 3250
| I | | BT

Ekofisk

‘v'--“""’ —
{

T
> =

-

. * ' Draupne
Haugaland % & 405 . ‘ < - 3 y o= . (" '. o ooy ~—l
High 3 X . L A d = o " Zechstein

ey 10 Way Time (ms)

# 11 - PartialAngleStacks &= ® Seismic Amplitude



Example: Well 16/3-6

Rock Physics and Well Synthetic

IDAcoustIc Impedan]>]<] #l-vasRatio [5[<[ #4-Gamma Ray [>]<] #2-RAW_AngleStacks 7 15[<] #3-Synthetic(3-6) B
. . . . = = = l‘.M oustic 1':_|1:5.o_ s_Ratio (V Hl_j{.:Raan R

. Dlséuncbt eéastli:_ Er?pe_rtles for the target, overburden and £ - St Foo1.4 ydofo.00 ~ APl 15 P angistacks 7 L) o

underburden lithologies E = s Andle e Angle

9 i VpVs GR e s
| L | | | I |
. . E 16402 3 x|l's xlFe x

- Top Draupne varies across the field due to hard Asgard e s HE e ‘B .'

Marl thickness variations 170000 £170006 | ==
- Top Draupne Sand response varies depending onthe  |umeoofomoot | - s |

overlying Draupne Shale thickness S = == 2

E gt | ROEDBY
. . . 1,800.00 1.300.00? LAl & _—T‘? L

+ Base Draupne response varies depending on underlying 0 e

lithologies (Basement, Zechstein, Statfjord) B _|

1,850.00 1,350.002— 1.760 1 — ‘-"—_?1 : ‘
7 e % |
Sola (overburden) ¢ = o ET W—
Al- Vst crossplot from multlple wells = e ——— E—
00000 Asgard (Marl) = g — o e —mme
1 ' ? [ s = e
soronoennnn o ACOUSUC AMPEGANCE L Draupne Soft Shale |- _ =
] : : : Sl DAacarvAniyDratinna LI = :E";"" ”"35_'-‘-_;_' ””” B l\* *****
| | | | | Basement (upper) ; RN 44 4
S S B S IR .00 f o &

Draupneshai by R i SNTT

L7 Drapne Sand.filters IntraDraupne marks top of san

| = LFC Draupne Shale Filtered
e am oy ea gttty | el LFC_Aasgard_Filtered
¥ f, ", |~/ LFC Sola Fitered
W SR Sl | FC Roedby_Fitered

| MK |=|LFC Zechstein Zone Fitered
"""" = LFC Basement Fltered

NPD factpages:
24m of Intradraupne Sand with excellent reservoir quality

GOR ~33 Sm3/Sm3
oil density ~0.892 g/cm3
gas gravity ~1.06 (air = 1)




Variat

lon in Draupne Soft Shale thickness influences the top reservoir reflector

135

3,050 3,100 3,150 3,200 3,250 3,300 3,350 3,400 3450 3,500 3,550 3,600 3,650 3,700 3,750 3,800 3,850 3,900 3,950 4,000 4,050 4,100 4,150 4,200
1 1 1 1 1 1 II

Inline 4721 '+

LI 5 R o R ey 0 8 STy ey | .‘" = | ..I||||I|..|',I.|..|l|||‘|...l....vl..

1.6

Top Draupne ié |
picked on a trough

v -~ ——

| Top Draupne

1.8

1 Zechstein

‘.r‘. — .




Summary: AVA and Layer Thickness

Depth -> Thickness Formation Identifiable reflection? If yes, what is the polarity & AVA
below response?
Draupne?
Asgard marl Draupne Draupne Top Top Draupne Base Base
shale sand Draupne sand Draupne Draupne
sand
16/2-6 14 m 5m 6 m No TD
table
16/2-11 15 m 2m 30 m : Top
E;n:l? dW'th Tuned Tuned Skagerrak
9 (peak, flat)
16/2-13A |32 m 13 m 17 m Heather No TD
table
16/2-13S 30 m 10 m 16 m Heather Soft, Class Tuned with Tuned with
IV partly Tuned Top Top
tuned Rotliegend Rotliegend
16/2-16 12 m 3m 5m Heather Tuned Tuned Tuned Tuned
16/2-21 26 m 3m 11 m Hegre shale Top
S, Clese No, tuned No, tuned Skagerrak
AV
(peak, flat)
16/3-6 34 m 16 m 23 m Basement Soft, Class No. tuned Hard, flat to Hard, flat to
vV ' weak Class | | weak Class |
16/3-8S 26 m 6'm 14 m SmithBank . Na el | e ues Hard, flat to Hard, flat to
shale/Zechstein weak Class | | weak Class |




]

o—
o—

S

Section 1: Well Synthetics
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The first part of the exercise is to make angle gather synthetics at each of the three wells.
These will be used for comparison with the different versions of the seismic data.

The following steps should be repeated for all three wells, 16/3-6, 16/3-8S and 16/2-21.
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1) From the Interpretation-Processing menu, Generate Synthefic Gather e

select Create Synthetics. 2) | reterence wen 16221 £ F‘;ﬁ’:};ﬁ;ﬂ';ﬁ:, i)
2) Choose the well. sl ——— T gt 8
Vp Log | 16/2-21_Velocity E 0 =
3) Set the angle geometry. Vslog | 1672-21 Shear velocity i i
4) Cll Ck Cal CUI ate Density Log | 16/2-21_DEN_HoleFilled T
These wells On|y have one |og set and one TD Input Wavelet: | Statistical_Wavelets_12.5_Inversion_Volume 1B 4|
. djusted locity vol _
curve, so they are selected by default. There is i ol - et
. . Output Geometry | ModelllnﬁgVOpit}gns | Log P[eEO"dEP"'ﬂQW
only one wavelet in the project. inline: 4702 2| Crossline: 333 =
Output gather: . Offset gather e) Angle gather —
From Angle: | 5.002/° [0.00 .. 90.00] e ——
3) Step: | 1.00 2/° [0.10 .. 30.00] e
\_ ToAngle:| 50.00 [2/° [0.00 .. 90.00]
From Time: | 0.00 {fimslo‘oo .. 20000.00]
Step: | 4.00 |2 |ms[1.00 .. 1000.00]
To Time: | 4000.00 |2 /ms[0.00 .. 20000.00] 3,000
_EMPTY_ &[]
4,000 W
Read Out:
Parameters | Preview | Display mode [ Mmﬂ
7 [#cancel || @5 4) @ calculate |
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We are making amplitude maps from the
synthetics to compare with the seismic data in
the cross-plotter. 2)
1) From the Interpretation-Processing menu, 3)
select Create Maps.
2) Choose the synthetic.
3) Use the Top Draupne surface. The first time
that it is used, it will be necessary to click the
red triangle to the right.
4) Click Calculate

14 © Sharp Reflections 2023 20 October 2023

Create Alnbute Maps

Input Selection

Input Volume | # 4 - 16/2-21 Synthetic &

=

i) Use horizon | Top_Draupne_Trough_Repick_ B/ A
STTUSETIXEq TTmeE B

) Use horizon deck

Map settings

¥y

Create map at: !At haorizon position

M |

Time shift (t.) |

0.00 2| ms|

Instantaneous | Windowed

2-Term 3-Term

v Amplitude

Envelope

Hilbert Transform
Inst. Phase

Inst. Frequency

| Calculate | 4)
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After all three synthetics have
been made with amplitude maps,
the volume pool should look like
this. It is advisable to rename the
synthetics and maps to keep
track of them later. RMB on a
volume and select the Rename
option.

After the volumes, using a
separator also helps to keep the
data pool organised. The next
stage is investigating the raw
gathers.

15 © Sharp Reflections 2023

Data Pool: Gathering2023 WellCalibratedWorkiiows@del|20

- 16/2-21 Synthetit

£

Synthetic() : Adju | 16/2-21 synth ar

(785! (%490

- 16/3-6 Synthetic | Synthetic() : Adju

116/3-6 synth amp | 16/3-8S Synthetic
184 Byte

004 Byf 184 Byte € &004 By
LRIV 3!
Synthetic() : Adju | 16/3-8S synth
& [20048BY €] 184 Byte

Raw gathers

Global Memory: |

0% | Local Memory: 245.826 GB

SHARP REFLECTIONS
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Section 2: Gather Analysis
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In this section, offset gathers are loaded and we will make some QC displays.

There are two main aims:
1. Compare the raw and conditioned data.
2. Compare the data conditioned by standard processing with the ML data.

This section should be run three times, using the raw gathers, the conditioned gathers, and the ML-processed
gathers.

There are many possible QC attributes and displays. We have focussed on amplitude spectra, AVA curves,
and using relative inversion via PCube+ in this exercise, but others would normally be included. Feel free to
add your own favourites as you go!
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1) From the File Manager, RMB on the gathers and
choose Select from File.

File Manager: Gathening2023. WellCalibratedWorkflows@del|20

2opBpe B/ 900

2) In the Select Data window, just click Select. ey allmldiondry Propees R, ¥eis
1) ré:::;t(::;_‘gatilﬁiathers"
The raW gathers are In flle Gath2023_RaW_G atherS. ‘ Gath2023 Radon Demult Linear C Domain Minimum Maximum Unit Inten
- . . . ‘ ath : = li_ned_ a_hers = lnline:v . InIinest 4700 4750
Conditioned gathers: Gath2023_Align2_Aligned_Gathers. B e Mo et ot | e csais o mm

JB Gath2023_16_2-21 Synthetic i - ol
JB Gath2023_16_3-6_Synthetic

4000.00 ms 4.001

ML gathers: Gath2023 ML _Aligned_Gathers.

Content: Seismic Amplitude -3.272 3.425
,‘ Gath2023_16_3-85_Synthetic
» [ | @ Velocities [4] Property Value
= Synthetic false
"‘ 4 NMO 2nd Order NMO Correction applied
Typical Amplitude 0.048
- Average value 0.011

(= Standard Deviation of values 0.136
» @ Timeshifts [2]

Select Data

File: | Gath2023_Raw_Gathers| i} y -

Additional Properties
File Size 11.241 GB

Inline ‘ Crossline = Offset  Time  Enter comments Output Information | Properties  Processing His |’ 1~

Nb. Inlines: 51 |4700 - 4 ' Horizons and Maps [2]

v 4700 ! From | 4700 [2| || Nb. Crosslines: 1159 [3200 - |
v| 4701 - - >
v| 4702 To | 4750 |2 | Offset: 51 |287.00m ~|

v/ 4703 - »

v| Use all Inlines
W Dependencies

@ Wavelets [1] Belongs to Survey:
@ Wells and Logs [3 + 25]

Gathering2023_WellCalibratedWorkflows

v 4704
V| 4705
v 4706
v 4707
v 4708

Decimation | 13

| select |

| Deselect |

Nb. Samples:
Sampling Interval:
Sampling Range:
Size of Selection:

1001

4.00 ms

0.00 .. 4000.00 ms
11.241 GB

=

]
v

@ Polygon Selections [3]
v/ 4709 Available Global Memory: 665.000 GB Cad
v 4710 > ‘
V| 4711 =)
v| 4712 e
v 4713 A=
V] 4714
v| 4715 —
v/ 4716 |Invert Selection " 4
V| 4717 e =
v| 4718 q ) ] b
v| 4719
V| 4720

? [ #Edt ][ & 3

| ‘Cancg:\ | Bselect | 2)

18 © Sharp Reflections 2023 20 October 2023
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1) Run the QC workflow, as described in Appendix A.
2) The first time through this section, open up the map
viewer and create a small map polygon around the toe
of each well. These polygons will be used in step 3.
3) Create/add to the amplitude v angle cross-plot. See
Appendix B for details.
a) The first time through, create cross-plots of
amplitude v angle using the amplitude map from
step 1. Create 3 different cross-plots, one for .
each well, using the polygons created in step 2. oo .
Also add the data for the synthetic for the well.  “5 : . .

Cross Plot Window 4;

b) In subsequent runs, add the new data to the . - A - ]
existing three cross-plots. L SRR ]
T L O O e B

.?;Ej

X-Axis: Amp map from angle gathers (Fold)
Range: 5 .. 50 °

Y-Axis: Amp map from angle gathers (Content)
R: :-0.183 .. 0.184

ange: -0.183 .. 0.

Bin Size: 0.001 Histogram

Polygon Selection: MapPoly_16_3_6 (1) histogram
T ° Crossplot Density histogram
oint ( 0 %) Set as Volume specific histogram |
Plot
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1) The first time through this section, open up the well
viewer. RN EEEEE

s

[16/2-21,16/3-85,16/3-6 ] WEIl log Viewer 1

H 1l k i Iti well
2) Drag the Al curve from 16/2-21 into the empty space. Gl - _____Rhed ,
~ & #0-Acoustic Impedance
[%/=16/2-21_Acoustic Impedance <| #0—A§ou5]>< #1-VpVs ﬁ> <[ #0-Acous|>|<| #1-VpVs ﬂ) <| #O-Afzuusj> <[#1-VpVs f>|
3) Drag the Vp/Vs curve from the same well next to the R e W s T : kel : B
- [&/=16/3-85 ) - a a a
Al track. o e : =l
- B < i 1
4 D h II 1 / . h h . h f‘?i"fﬁ;égﬂrm Ratio % < § = E = E E E < 3
) Drag the well 16/3-8S into the empty space to the right | == 0 | j P 3
. i/mm16/3-6_Acoustic_Impedance| ] It
of the viewer. e s et , 3 !

1,500.00 -]
% 1,600.00
1,700.00

1,800.00

5) Drag the Al and Vp/Vs curves from this well in. RN £
6) Repeat steps 4) & 5) for well 16/3-6. =

W

SR f'-w'\.._,.‘_m“ﬂw

1,600.00 1,600.00

- Well
b 16/2-21

The inversion results will be added to this plot through the | ===

= 16/3-6_Velocity

PO L
Vil e e

== 16/3-6_Shear_Velocity

: 1,700.00 i 1,700.00
exercise =m0 :
. == 16/3-6_Acoustic_Impedanc L ]
— 16/3-6_Shear_Impedance 1 ]
= 16/3-6.VpVs Ratio | ]
== 16/3-6_Poisson_Ratio ]
= 16/3-6_AC 1
— 16/3-6_ACS 1,800.00 1,800.00
== 16/3-6_CALI 1
== 16/3-6_GR 4
16/3-6_RDEP ] ]
== 16/3-6_RMED 1
» = 16/3-85 ]

I .J,MIA ¥ VIF’M““W”M
Lt L

e | " 7

Orphaned Well Logs 1,200.00 —1 1,900.00 -

£
~ Info 2,000.00 %

Log data type: VpVs Ratio

1,900.00 -]

e

r’“
o

="

2,000.00

2,000.00

WM MP\&..V.,J\-M P | i o
9 il

Log data unit:

# Log data samples: 10740

Comments:

2,100.00 2,100.00 - 2,100.00

|- 2170.46/18758.44 mys. 81.98979 @ 2( 2170.46/19830.95 mys.§1.91007 @ 2] L 2170.464114469.8 m/s 81.64704 @ 2
4 » ) » 4
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1) Open PCube+ from the Interpretation-Processing
menu.

2) Select the partial angle stacks from the QC run.

3) Click on Load parameters from file. There are different
parameter files for each of the 3 data volumes
because the signal to noise ratio and wavelet scaling

Change with Cond|t|0n|ng_
. o Seismic Setup | ! LFC Setup = Background Model = Transition Probabilities | Parameter Tuning = Output Setup
4) Click the Start PCube button.
Select base angle volume: | # 267 - Copy(# 258) : Partial Angle Stacks |§\ \Z| (®) Use signal/noise ratio
Angle (deg) S/N Ratio Wavelet Scaling () Manually set noise (standard deviation)
1 8 1| statistical Wavelets 12, 8| 1 I i i —FEl
2 14 1 \E’tatisticat\l’\?aveletsﬁl?@\ 1 Angle;correlationmrange: \4‘100¢|
3 20 llﬂé@EiFELl"?Y?Jﬁtl!? E 1 Angle variogram nugget ratio: 10.0 :|
Restore Parameter set G & 4 26 1| statistical Wavelets 12/ 8| 1 Madel time correlation: [ s000l:[ms]
5] 32 1| statistical_Wavelets_12 | F i 1
Look in: | ¥ remote:/data_paral...alibratedWorkflows ~ | & © © @ [ [E
7 Production Name
ﬁ sharp_peter |7 DATASTORES
' = Internal
b 1_PEter : PDIYQDHSEIECUDHS Use Timelapse Inversion (Monitor)
W onnx = Volumes
ﬁ onnx [ E WellData Select monitor angle volume: | # 267 - Copy(# 258) : Partial Angle Stacks &) \Z|
! Gath2023 Classical.pcs2
P onnx Gath2023_ML.pcs2 S
. ¥
{ ﬁ onnx Gath2023_Raw.pcs2 -
; ¥ ]
7 Gathering20... 2
7 remote:
1 [+
File name: ’| ] -
- | B Load parameters from file... | 7 | ®cCancel | &
Files of type: | PCube parameter set (*.pcs2 *.pcs) - || & Cancel |
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1) Add the inverted Al into the well viewer by dragging
the volume onto the track. Ensure that the correct T e

et

location is used by choosing the DRAUPNE top. | o e | S

- #0-Acoustic Impedance

| 16/2-21,16/3-85,16/3-6] WEIllog Viewer 1

. (%/m=i16/2-21_Acoustic Impedanc <[#0-Acous|>[<[#1-VpVs f~| <[#0-Acous|>[<[#1-VpVs f>| [<[#0-Acous]>[<[#1-VpVs i~]
R e e at th IS fo r al I th re e We I |S + —Raw_InvertedAl Trace[4703 [ Acoustic Impec|f VpVs Ratia (vp] |-Acoustic Impec|fil VpVs Ratio (vp] | Acoustic_impedl VpVs_Ratio (vl
. ’ = - 1600.0011600.ff1.40 3.20 100.0014000.(ff1 20 3.20) 00.00114000. {1 .40 3.20

~ %|#1-VpVs Ratio
& =16/2-21_VpVs Ratio

- IR I rtedAl R I rtedAl IR I rtedAl
&+ —Raw_invertedVpVs_Trace(47 lhesscoseon ffrey e s corcono ffrey. meresue s coraan ey renease
epeat step or the Invertie pP/VS. - E=e5es - pronoeninfia 52 pronoentnihio sz promoenteitifiso 520

+ [ #0-Acoustic Impedance o Y d l 4 %

MD (m)
MD (m)
MD (m)

& |==16/3-85_Acoustic Impedance :7j§_‘ §—

3) Itis recommended that the curves are coloured by @ e et

[+ /==16/3-85_VpVs Ratio

a/==Raw_InvertedVpVs_Trace[47 E E

ata set. - =16/ 1 ¥ : ]
~ %/#0-Acoustic Impedance 1 { 1

= mm16/3-6_Acoustic_Impedance 1 - 1

x E3 =
© = T S
E £ y

max

x
©
E

min
m

[min

N
&

A
N

)
( e 1 §
. +1405.3 . ERELEEE: (5

Pt

~
S

4 ==Raw_InvertedAl_Trace[4729 E ] E
- (& #1-VpVs Ratio 1,500.00 1,500.00
& ==16/3-6_VpVs_Ratio 1 { y
/4 ==Raw_InvertedVpVs_Trace[47 —

Select Trace to extract Wil X ] _:g |

T 1,500.00
\
|

Wt

Reference well: 16/2-21

1,600.00

1,600.00 1,600.00

- Well ] i
Trace Selection » = 167221 1| /3
~ = 16/3-6 i
- —raw ]
Iﬁ y = 16/3-6_Velocity ]
1 == 16/3-6_Shear_Velocity 1,700.00 1
== 16/3-6_DEN 1
== 16/3-6_Acoustic_lmpedanc ] /
= 16/3-6_Shear_Impedance
== 16/3-6_VpVs_Ratio 4 A/
== 16/3-6_Poisson_Ratio ] ]
== 16/3-6_AC
== 16/3-6_ACS
. == 16/3-6_CALI
Set coordinates to: | DRAUPNE v | = 15:"3.5_(;“ ] ]
16/3-6_RDEP ] s ]
== 16/3-6_RMED - 1
= * Raw_InvertedAl_Trace[4729

(oK [ Xcance o N N = = i )
[ » = 16/3-8S ] ]
Orphaned Well Logs ] I < E ‘—_?

] fT—F‘Ecl i |

T Ay

fRRree :)f: T

A.::l“'n

1,700.00 1,700.00 -

Inline 4703

e

N

h

Crossline 3337

i
‘__v:

1,800.00

1,800.00 1,800.00

PPy hﬁp

g [
% 1,900.00 ] TR~ |

s
Pt
=

~ ]
{ 5 3 ﬁ ]
~ Info 2,000.00 ! ) 2,000.00 %I : 2,000.00 | =l
] ] y ] [ ¥
Log data type: VpVs Ratio 1 =2 i \ 1 | r: 1 \ o
4 I & || 4 } 4 / |
Log data unit: .‘ - 4 / 4 /
# Log data samples: 10740 € 4'( 5 g— 1 /
! !
Comments: 2,100.00 : ! 2,100.00 / 2 L 2,100.00 [
] ( b 1 \ 1
] /‘ q ] | 1 / \
i 1 / R
-[14396.91 m/s.¢2.31671 @ 19 -[14478.49 m/s.¢2.3184 @ 143 “[14695.05 m/s.42.39002 @ 14
J17522.91 mys.4|2.48638 @ 14 J17061.63 m/s.4|2.33091 @ 14 16507.96 my/s.4|2.24987 @ 14

4 * 4 [ 4 3
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1) The first time through, create an arbitrary path through
all three wells.
2) Display the PCube+ relative Al along the path. On
second & third runs through the section, just add to
the existing viewer. : ; - SRS (F ST e

KD 7 S 2 Alatine iough wels [/ 4= (BRp M B d D P 00D BN ¥ B
3) Ad d We I I I Og Ove rlays L :ar;Read Out |n|?ne *4,702 4,702 4,705 4,709 4,712 4,715 4,719 4,720 4,722 4,726 5 4,730 4,731 4,731

World X Xline 3,264 3,328 3,392 3,455 3,519 3,583 3,647 3,711 3,775 3,839 " 3,966 4,030 4,094
4) Repeat for Vp/VS World Y B =
Inline [ 470225
Crossline 400
Time [ 1,84534ms| |

# 396:Acoustic Impeda | 8,275.2 m/s.g/cm” 3]

# 312 - Raw_InvertedAl
1,600

Well Overlay Handler CY .3
Apply to specific well: 2-21 | &
v| Fixed opacity: | 1.00 2| T ao0
(e Adapt well log type to displayed volume type Draw Outline

) set well log type Width (Traces) | 10 |2

e

I Input WellLog | Curve ‘ Colormap —

K Iv] 2,200

| ¢ Add another Overlay || o« Close |

~ |e/# 263 - Copy(# 256) : 5T13013-STACK:
~ +/Horizon 4
I == Ekofisk
\%|==Top_Draupne_Trough_Repick_Grid
| /m=Zechstein
| m=Basement ;
y wlwell 4,000 6.000 i 10.000

| # 312 - Raw_InvertedAl \(;\ e Acoustic Impedance
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1)

2)
3)

Create a cross-plot of inverted Al against the filtered logs for all

three wells. See Appendix C.

; I R2 I R2 I R?
Repeat step 1) for the inverted Vp/Vs. Slope Slope Slope
: : : . 16/2-21
Make a table capturing the slope of the regression line (0.4 in the
illustration) and the R? value for each well, dataset pair. 16/3-8S
16/3.6
LM el %85 /%7 04 :
~ Cursor Read Out = Acoustic Impedance [m/s.g/cm™ 3] vs. Acoustic Impedance ymys.gjem 3)
Acoustic Impedance | -2,286.75 m/s.g/cm ™3| Acoustic Impedance [m/s.g/cm~3]
Acoustic Impedance | 1,768.47 m/s.g/cm” 3|
|4 3¢ 16/2-21: LOG:_Acoustic Impedance_001 vs. VOL:Raw_Inv: 2'?00 9 2 q00 L & OIOD
it #2: 16/2-21: LOG:_Acoustic Impedance_001 vs. VOL:Clas 1,000 - - - o e e
1T
12,000-|- - (R e e R R e AREEEEEEEEEEEEL
(%Add Plot pTEr— il 5 10,000-|- - {EEEEE e e Hecoooomeccoomoncccacpaces
Reference well '16;‘2—21 | £+ E | -
Zone |_EMPTY_ & | 3 ]
X Axis E
e Log file *) Extract from volume 5 H,0000 " -
Input log | 16/2-21_Acoustic Impedance_001 |$E E
Y Axis % |
Log file ‘e Extract from volume L;‘ &.0005 - :
Input volume # 479 - Classical_InvertedAl |$ | g é ] f(x) = 0.4x + 7,030.5 .
< .

v Color by third attribute

Log filtering
Off ‘e Butterworth ( User-defined rant
———— Scatter symbol:
Symbol |Rectangle - Size | 6px 2| [~

Plot Info | Polyaons

4,000 -

2,000 -

1 [R?=0.192
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]
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o—

S

Evaluation of the Results
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This section collects up the various displays that have been made and asks some questions.
It's up to you to answer them!

If you would like other QCs not produced already, feel free to make them.

We will look at the conditioning flow after this evaluation section and consider how it might be
improved.
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Visual comparison of gathers from the three stages

Scan through the three sets of gathers and compare
* Noise, what kinds, how strong

* Multiple content

« Gather flatness

* Anything else that attracts your attention

Make use of the difference in viewer.
Link the gather viewer to a map view and look near the well locations.

How do results compare from the different processing methods?
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Visual comparison of gathers from the three stages: Raw

- GatherView-4 [# 254 - Gath2023_ Raw, Gathers] p reStaCk pro
Gl 7 N S \ SHATE REFLECTION
LRz / ek opidd P 00D BN\ =
~ Cursor Read Out 3,773 3,774 3,775 3,776 3,777 3,778 9 3,780 3,781 3,782 3,783 3,784 3,785
World X 481,721 m|
World Y 6.51909e+06 m | a
Inline 4,725 |
Crossline 3,777 | -
Offset 2,221.11m]| =0
Time 277.321 ms|
# 254:Seismic Amplitude 0.0185062 ‘
inline 4725 |2| [4700 .. 4750]
Decimation 1 }t [1..9999]
- Volumes ————
# 254 - Gath2023 Raw_Gathers 1000
# 448 - Gath2023_Radon_Demult_Linear_Gathe
# 960 - Gath2023_ML_Aligned_Gathers
1,500
' " » . - " ) n ] . v '
» Overlays 2,000
» Masks ——— ] 0 )
~ Volume
l%/# 960 - Gath2023_ML_Aligned_Gathers
|# 448 - Gath2023_Radon_Demult_Line:
_ l®l# 254 - Gath2023_Raw_Gathers -
» l«/Horizon 4 ¢
» e Well |
T T T T T T T
-0.4 =03 02 -0.1
) # 254 - Gath2023_Raw_Gathers = e Seismic Amplitude

SHARP REFLECTIONS
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Visual comparison of gathers from the three stages: Classical conditioned

; - : : a GatherView-4 [ 448'- Gath2023 Radon Demult Linear Gathers] DfestaCk Pro
EC// i b dbp 00D B/
~ Cursor Read Out 3,773 3,774 3,775 3,776 3,777 3,778 9 3,780 3,781 3,782 3,783 3,784 3,785
World X
World Y | 6.51907e+06 m| -
Inline
Crossline
offset >
Time | 315674 ms|
# 448:Seismic Amplitude | 0|
inline | a725]%] [4700..4750]
Decimation \—1\:\ [1..9999]

Volumes 1,000 -

# 254 - Gath2023_Raw_Gathers |
# 448 - Gath2023_Radon_Demult _Linear Gathg

# 960 - Gath2023_ML_Aligned_Gathers

1,500
» oileﬂays 2,000
» Masks
~ Volume
l%|# 960 - Gath2023_ML_Aligned_Gathers
|+/# 448 - Gath2023_Radon_Demult_Linei
_ lw# 254 - Gath2023_Raw_Gathers v
» [« Horizon N »
» e Well |
T T T T T T T m
-0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4

®

) #1448 - Gathzoz3_Radon_DemuIt_Linear_G\;""9* Seismic Amplitude
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Visual comparison of gathers from the three stages: ML conditioned

=

; — — - GatherView-4 [5F 960 - Gath2023 ML Aligned| Gathers] prestack pro
‘é”;‘ / 7/ Ei!. lL‘ *' {’1‘7_ ‘ L- ‘ b. P. 0 O % ‘ /» E BY SHAAP REFLECTIONS

~ Cursor Read Out 3,773 3,774 3,775 3,776 3717 3,778 9 3,780 3,781 3,782 3,783 3,784 3,785
World X
World Y | 6.51906e+06 m| 2
inline

Crossline

ffset >

Time | 843.765ms|

# 960:Seismic Amplitude | 0|

inline [ 4725 |2| [4700 .. 4750]

Decimation | 1 E\ [1..9999]

- Volumes ——————
# 254 - Gath2023_Raw_Gathers
# 448 - Gath2023_Radon_Demult_Linear_Gathe

1,000
1,500

» Overlays 2,000

» Masks

~ Volume
l%|# 960 - Gath2023_ML_Aligned_Gathers
|%|# 448 - Gath2023_Radon_Demult_Line:
_ lw# 254 - Gath2023_Raw_Gathers
» l@w/Horizon b »

o | m
T

0.4 0.3 ' 02 -0.1 0 0.1 02 0.3 0.4
) # 960 - Gath2023_ML_Aligned_Gathers H-\‘é‘ Seismic Amplitude

&l
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Timeshift evaluation

File Manager: Gathering2023 WellCalibrated

S0BBRE BN OQF

73 Files: Gathering2023_WellCalibratedWorkflo |
- @ seismic Data (9]
B Gath2023_Raw_Gathers
B Gath2023_ML_Demultiple_Gathers
& Gath2023_Radon_Demultiple_Gath
B Gath2023_Radon_Demult_Linear_C
B Gath2023_ML_Aligned_Gathers
B Gath2023_16_2-21_Synthetic
B Gath2023_16_3-6_Synthetic
B Gath2023_16_3-85_Synthetic
» @ Velocities [4]

( -
- ¥ Timeshifts [2]

v BB Gath2023_ML_Align_timeshift
v| /B Gath2023_Align2_TimeShifts
L .

» ¥ Horizons and Maps (4]

b W wavelets [1]
» W Wells and Logs [3 + 25]

» ¥ 2D Lines and Arbitrary Paths [1]
> W Polygon Selections [3]

Properties User Co

Properties of F
"Gath2023_Alit

Domain
Inline: Inlines
Crossline: Crosslines
Fold: Offsets
Trace: Time
Content: Seismic A
Property
Synthetic
NMO

Typical Amplitude
Average value
Standard Deviation of v

Additional Properties
File Size 11.241 GB

Dependencies
Belongs to Survey: «

Load the time shift volumes
from Align 2 and from ML.

Display them in a stack
viewer, particularly for offsets
around 2000-3000 m.

Comment on the smoothness
and resolution (both laterally
and vertically).

Also switch the display to
prestack mode and look at the
offset dependence of the
shifts.

20 October 2023

Z

|

iew-2 [# 78 - Gath2023_Align2_Timeshil = == Cloix

ED// 255 ¢uBdb P 00D B/ + 5

~ Cursor Read Out

World X . 481045m
World Y . 6.51847e+06m]|
Inline ames|
Crossline 3,703.15 |
Offset 1,937 m]|
Time [ 203296ms|

# 78:Time Shift (Observed) 4.7695ms |

Inline I 4725 2| [4700..4750]
Offset i 1937 |2/ m|[287.00 .. 4037.00 m]
Volumes

# 77 - Gath2023_ML_Align_timeshift

# 78 - Gath2023_Align2_TimeShifts

» Overlays

» Masks

~ Volume
“# 78 - Gath2023_Align2_TimeShifts
@ # 77 - Gath2023_ML_Align_timeshift
«# 2 - Gath2023_Align2_Aligned_Gathers
«/# 1 - Gath2023_Raw_Gathers

~ « Horizon
= Ekofisk
& /=Top_Draupne_Trough_Repick_Grid
(%|==Zechstein
& l=Basement

» wWell

~ Cursor Read Out

World X L 436.199m)|
World Y 6.55741e+06 m|
Inline o]
Crossline 13,200 |
Offset om
Time 0.000000 M| 16 ms |
Inline 4725 |3 [4700..4750]
Offset 1937 [+ m[[287.00 .. 4037.00 m]
Volumes

# 77 - Gath2023_ML_Align_timeshift

# 78 - Gath2023_Align2_TimeShifts

» overlays

» Masks

~ Volume
“# 78 - Gath2023_Align2_Timeshifts
[/# 77 - Gath2023_ML_Align_timeshift
«/# 2 - Gath2023_Align2_Aligned_Gathers
@ /# 1 - Gath2023_Raw_Gathers

~ lw/Horizon

/—Ekofisk
& /=Top_Draupne_Trough_Repick_Grid
v/—Zechstein
&/ =Basement

» @ well

3‘,200 3,300 3,400 3,500 3,600 3,700 3,800 3,900 4,000 4,100 4,200 4,300
L | | | L | | | L L L

1,400

1,600 -

1,800 o

2,000 -

2,200 +

‘ 0
_" T //j]\\ —.
10 [ 10 20

20 z
# 78 - Gath2023_Align2_Timeshifts 4 s Time shift (Observed)

StackView=2[# 77, - Gath2023 ML Align_timeshift]

HEs/ 28 B dd P OO BNY =

3200 3,300 3,400 3,500 3,600 3,700 3,800 3,900 4,000 4,100 4,200 4,300
I I | | | | | L |

S A T

1,600 -

1,800 -

2,000 -

2,200 4

‘
_ - A\
-20 -10 )
E\ # 77 - Gath2023_ML_Align_timeshift ¢ e Time Shift (Observed)
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Timeshift evaluation

Use Create Maps on both of the time-shift
volumes to make maps at the Top Draupne.

Use the cross-plotter (Volume Axes option) to
plot time-shift v offset for both maps. The steps
are similar to Appendix B, but using offset

instead of angle.

EE R

LRl -0A

Cross PIoEWindow!s:

SICIE)

% i Cross Plot Window 3
DR esad e l-%B-%- /% 0A

© it ) e Time shift (Observed) [ms] vs. Offsets [m]

Offset [ 21m| Offsets [m]

Time ‘ 0 m5| 590 l,qOO 1,5‘00 2,q00 2,5‘00 3.000|
002 e b S I Tla

# 172:Crossplot Density | o]
£3E)# 103 - Amplitude (#78): Offsets vs. Time Shift (Observe)

o= $|@ # 175 - Amplitude (#77): Offsets vs. Time Shift (Observe|

4 Add Plot ) - e
Input control

Time Shift (Observed) [ms]

~ Cursor Read Out

Offset [

60m |

Time [

oms|

Time Shift (Observed) [ms] vs. Offsets [m]

# 172:Crossplot Density |

o]

4, Add Plot

imwt Control

Polygon Selection: None

Points in Selection: 3,014,559
Points in Plot: 2,186,964 (72.55 %)

—_—dq @ # 103 - Amplitude (#78): Offsets vs. Time Shift (Observe
S =EJE # 175 - Amplitude (#77): Offsets vs. Time Shift (Observe|

0.0+ - re e L T TR PP PP PP PP PP PP e

v | )

Time Shift (Observed) [ms]

Histogram
1 (2) histogram

The ML timeshifts appear to be
reerenced to the near offset. The
user has no control over this.

8 Crossplot Density histogram

= Set as Volume specific histogram

20 October 2023

brterts The offset of the zero-crossing in the
Align 2 timeshifts depends on the
choice of reference trace. Since the
near offsets were noisy, a near-mid
stack was used in this case.

These plots show that we can expect a
systematic difference between the two sets of
shifts due to the different reference offsets.
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The different vertical resolution in the two time-shift methods implies different amounts of wavelet
distortion, especially at further offsets. This illustration uses an offset at abut 2000 m.

For this reason, it is worth comparing amplitude spectra for further offsets from the different
methods.

spectral Analysis Window 1

M

Input Volume | # 247 - Gath2023 ML Az | #| Spectrum

Use Polygon Selection 0

Inline | Crossline = Offset | Time |

The Align 2 spectra are
m Gath2023 Raw Gathers .
= Gath2023_Align2_Aligned_Gathers re|at|ve|y lower at low

m Gath2023 ML Aligned Gathers

Use full range 5 .
170000 ] ms) 00 (Fomm i frequencies than the raw

Set range from horizon:

data and ML aligned

|W| | Top_Draupne_Trough_Repick_Grid |,.. [ Lower | . N
. data. Explain this
- = observation in terms of
Smoothing window half-length | W! Use default T . . .
Taper Ien:th i |:|:I v| Use default g tlme Shlft reSOI ut|0n .
Separate spectrum for each selected fold ‘_é' 15 |

|calc. Spectrum |

Line dBref Name

+0
]
1o Olx )1 Gath2023_Raw_Gathers
2|
3w

-|1px &l Gath2023_Align2_Aligned_Gathers e
i|1px = b Gath2023_ML_Aligned_Gathers i

-25 -

: ; : T . T : T : . . T : T . . T . T
0 20 40 60 80 100 120
Frequency

‘e) Amplitude () Power ( Phase v/ dB
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AVA Scaling

Compare the cross-plots of amplitude v angle at the three wells.

How good are the results compared to the synthetics?
Has conditioning improved the AVA fit to synthetics?
Does one processing method stand out as best?

Is there consistency between wells?

Given these results, what would your strategy be to obtain consistent AVA scaling at all wells for
AVA/inversion work?
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AVA scaling: well 16/3-6

4%

e

Cross Plot Window 6

SCIE)

-/ M- 0A

~ Cursor Read Out

Seismic Amplitude vs. Angle [°]

|# 102 - 16/3-6 synth amp map: Angle vs. Synthetic Seisn

|4, Add Plot e
Input Control

0

oD@ @4

~ Cursor Read Out

Seismic Amplitude vs. Angle [°]

~ Cursor Read Out

Angle [ 4.30774 °| Angle [°] Angle [ 522,

seismic Ampli [ 0.136282 | 10 £l a8 L e Seismic Ampli [ -0.0457843
i ; - : ity |

st 0.10 # 1563.Cro§splot Density | )

# 102 - 16/3-6 synth amp map: Angle vs. Synthetic Seisn

0.05

0.00
|4, Add Plot - e
Input Control
= o
E
= -0.05+
E
<
=)
E
a
©
a
-0.10— - -
-0.15-
- = = -0.20
X-Axis: Copy(# 259) : Amp map from angle gathers (Fold) e
Range: 5..51°
Bin Size: 1 °
'Y-Axis: Copy(# 259) : Amp map from angle gathers (Content) 7}
Range: -0.176 .. 0.189
Bin Size: 0.001 Histogram

Polygon Selection: MapPoly_16_3_6

Points in Selection: 17,480

Points in Plot: 17,480 (100.00 %) i2
Plot Info ‘ Polygons
30 ©

(1) histogram

® Crossplot Density histogram

Set as Volume specific histogram |

arp Retlections 20

=
=

/& # 102 - 16/3-6 synth amp map: Angle vs. Synthetic Seisn

4, Add Plot e
- Input Control ——————————————————

X-Axis: Copy(# 259) : Amp map from angle gathers (Fold)
Range! S51 %
Bin Size: 1

: Copy(# 259) : Amp map from angle gathers (Content)
.176 .. 0.189
.001

Polygon Selection: MapPoly_16_3 6

Points in Selection: 17,480
Points in Plot: 17,480 (100.00 %)
Plot Info | Polygons

U OCIODE v)

15

0.05- -

Angle Ir 6.0986 °| Angle [°]

Seismic i [ 0. | 10 20 30 40 50

# 1557:Crossplot Density | o] 0.104 . & L
=

Classical

Seismic Amplitude
°
o
)
Il

&
i
o
1

-0.15-

Cross Plot Window 6

R0 A

Seismic Amplitude vs. Angle [°]
Angle [°]
30

0.10+

0.05-

0.00

-0.05- -

Seismic Amplitude

=020~

-0.15-

-0.20 -+

‘<
Histogram

(3) histogram
® Crossplot Density histogram

| set as Volume specific histogram




AVA scaling: well 16/3-8S

055 PlotWindow 7.

Seismic Amplitude vs. Angle [°]

Angle [°]
20 30

40

P Plot Window 7. I

Erppsad ¢l -H-%- 2% /- 0A

~ Cursor Read Out

5.31124 °|

Seismic Amplitude vs. Angle [°]

# 1569:Crossplot Density

|4,Add Plot

Input Control

Do ¢ el -H%-

0.05+

Angle | Angle [°]
Seismic litud [ -0.0215745 | 10 20 30 40 50
i o) : ' -

Seismic Amplitude

010"

-0.15+

LRS- 0A

-0.05-7 -

Crioss PlotWindow 7/

~ Cursor Read Out

1 1

Seismic Amplitude vs. Angle [°]

[ ™~ +
PP dmal-H-85-7/% 0 0A
~ Cursor Read Out
Angle 5.35743 °|
Seismic Amplitude -0.0104666 | 10
# 1569:Crossplot Density o] :
@Raw data k)
Classical
&ML data
@# 1581 - Amplitude (#172): Angle vs. Synthetic Seismic
0.00
4, Add Plot
Input Control
i 8 0.05
5
=
E
<
L
E
&
]
&
-0.10
-0.15+
X-Axis: Copy(# 259) : Amp map from angle gathers (Fold) &
Range: 5..51°
Bin Size: 1°
-0.20
<
Histogram
() (1) histogram

Polygon Selection: MapPoly_16_3_8S

Points in Selection: 11,776 @ Crossplot Density histogram

Points in Plot: 11,776 (100.00 %) T |set as Volume specific histogram | _J'

Plot Info \ Polygons
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10

T 0
o Angle 5.58835 ° Angle [°]
——_ | seismic i [ 0.0252373 | 10 20 30 40 50
# 1572:Crossplot Density | [ . . i =
= 0.05-
0.00
4,Add Plot
Input Control
i 8 0.05
2
£
O
=
L
&
-0.10-7 -
-0.15+
X-Axis: Cbpy(#} 259) Ar;p mapﬁom’angileigathieris (Fold) -
Range: 5..51°
Bin Size: 1 °
Y-Axis: Copy(# 259) : Amp map from angle gathers (Content) A28 1
.186 .. 0.078
Bin Size: 0.001 Histogram

Polygon Selection: MapPoly_16_3_8S

Points in Selection: 11,776
15 Points in Plot: 11,776 (100.00 %)
Plot Info \ Polygons

20 October 2023

) (3) histogram
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AVA scaling: well 16/2-21

Crioss PlotWindow 8

Dt dael -H-%-/% ) 0A

Cross Plot Window 8 -

Fr#d dmeal -H-%-2%7 04A

~ Cursor Read Out

Seismic Amplitude vs. Angle [°]

Angle [ 5.35743 °| Angle [°]
Seismic Amplituds [ -0.0299865 | 10 20 30 40 50

# 1653:Crossplot Density | 1.03666 |

Raw data

| _B=t@cChssical |

ML data
'# 19 - 16/2-21 synth amp map: Angle vs. Synthetic Seisn

|4, Add Plot : - e
- Input Control ——

=lieRel Ok

~ Cursor Read Out Seismic Amplitude vs. Angle [°]

Classical -

0.15+

0.10+

Seismic Amplitude

Cross PlotWindow 8

¢ Cursor Read Out

Seismic Amplitude vs. Angle [°]

Angle [ 9.56024 °| Angle [°] Angle [ 7.75904 °| Angle [°]

Seismic i -0.0151146 | 30 Seismic [ 0.00361292 | 10 20 30 Gl 50
# 1653:Crossplot Density 0.711462 | # 1659:Crossplot Density | [

[ B=0@rwdaa | =% @Raw data

|4, Add Plot

Input Control

Seismic Amplitude

Copy(# 259) : Amp map from angle gathers (Fold)
512

Bin Size: 1

opy(# 259) : Amp map from angle gathers (Content)
177 .. 0.189

.001 Histogram

Polygon Selection: MapPoly 16 2 21 (' (1) histogram

Points in Selection: 11,040 © Crossplot Density histogram
Points in Plot: 11,040 (100.00 %)

Plot Info | Polygons

| set as Volume specific histogram | 0 2 a4

e 4| G/Classical
ata

M
@ # 19 - 16/2-21 synth amp map: Angle vs. Synthetic Seisn

H,Add Plot

Input Control

opy(# 259) : Amp map from angle gathers (Content)
0.177 .. 0.189

: 0.001

Polygon Selection: MapPoly 16 2 21

Points in Selection: 11,040

Points in Plot: 11,040 (100.00 %) &2
Plot Info ‘ Polygons
c U

Seismic Amplitude

Histogram
_ (3) histogram

© Crossplot Density histogram

Set as Volume specific histogram| ) 2 a 2




Comparator Window 4 o x

The data comparator is also useful to evaluate AVA

#7516 EE SR (D # 172 - 16/3-8S Synthetic (1) # 265 - Copy(# 257) : Angle Gathers (2) # 449 - Copy(# 257) : Angle Gathers (3) # 961 - Copy(# 257) : Angle Gathers (4)
u n 0 0 0 0
= = he ook
. -0.05 — R -0.05 5 -0.05 -0.05
0.1 014 014 0.1
. . . .
~ &) /= Extraction on all (9)
at is the impact of noise and residual non- IS N
~ (%] # 961 - Copy(# 257) : Angle Gathe . s 1 - - -
~ ®| = Extraction on all (11)
/| = Amplitude (12) 10 20 30 40 50
L |
flatness at the T op Draupne?
1,750 4 1,750 4 1,750
|
1,800 4 1,800 o 1,800
1,850 1,850 o 1,850
Calculate Attribute. NG
| > Info 1,900 190 ‘ + - 1,900
—: ‘ ‘ » L1 —
#988 - ML InvertedvpVs [ (#) (@] |.031 Read Out: Read Out: Read Out:
Reference volume: # 172 | ‘L
inline [ a719 7 7 J : =
g el ; 0 ! 0.1-0.1 ‘ 0 . 0.1-0.1 o 0.1
- e T Ed g Ed 2 # 2 - 2
Data | Control | Display mode J [ 5] [ |
3E Data Comparator Window 2 HEE tor Window 3
S| . N
(0 b [ K| HH [
T Y # 89 - 16/3-6 Synthetic (1) # 265 - Copy(# 257) : Angle Gathers (2)  # 449 - Copy(# 257) : Angle Gathers (3)  # 961 - Copy(# 257) : Angle Gathers (4) S D # 4 - 16/2-21 Synthetic (1) # 265 - Copy(# 257) : Angle Gathers (2)  # 449 - Copy(# 257) : Angle Gathers (3)  # 961 - Copy(# 257) : Angle Gathers (4)
SenilidEs - i o ~ &) — Extraction on all (5) 3 3
| msy 0.02 0.02 B -0.02 4 1 i ] e A = oo
V1 5 16/3'6 'g‘g; e ¢ e 1 6/2'2 1 -0:04 e -0.04 g‘*’&»f -0.04 2 -0.04
-0. -0.06 3 . -0.06 IEE— i -0.06 P -0.06 e e = -0.06 3.
ISy 0.08 “0.08.3 [ . . 1€ e R, 2 : Kook
Display horizons 01 o ~ @ = Extractionon.all (9) S 092 Cal B L o o |
i 014 [® = Amplitude (10) -0.1 143.000, -0.034 =gt ]43.000, -0.023 =it ]43.000, -0.021 = ]43.000, -0.011
~ Volumes ~ [# # 961 - Copy(# 257) : Angle Gathe 1 ! T . 1 T : b ; o + T : . 1 1 T r ;
|a! (= # 1582 - Snapped horizon ( - l&) /= Extraction on all (11)
el & = Amplitude (12) 10 20 30  42.6360 20 30 42.63650 20 30 42.63650
@) = 16/2-21 |
@ = 16/3-6 =
e = 16/3-85 1,750 4 1,750
~ Horizons
|| = Ekofisk
@ /= Top_Draupne_Trough_Repic
|@ = Zechstein
| = Basement Joude Zz=h e
~ Polygon Selection ’
@ = MapPoly_16_3_6
MapPoly_16_3_8S

MapPoly_16_2_21

| calculate Attribute
» Info

F

1,900 1,900

| # 988 - ML_InvertedVpVs (@ | # |§ |

Read Out: Read Out: 0.005
il{ Reference volume: # 4
i Inline 4702 |2/ 2
] ‘ B ‘ I i [ I Crossline 3336 || 2 | < 1 i ‘ i ‘
e | | e | Fid & I d 2 [#] é Ed 2 Ed é h A C 1 I [

Data | Control | Display mode 8 [ | - Data | Control | Display mode
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Visual comparison of inversion results from the three stages

Scan through the three sets of Al, Vp/Vs and compare
* Noise,

« Event continuity

* Resolution, especially around the Draupne

* Anything else that attracts your attention

Make use of the difference in viewer.
Link the gather viewer to a map view and look near the well locations.

How do results compare from the different processing methods?
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Raw data

ED 4/ 75w GO AD P OOD BT

= Cursor Read Out Inline 4,702 4,702 4,705 4,709 4,712
World X 478,386 m Xline 3,264 3,328 3,392 3,455 3,519
World ¥ 6.51629¢+06 m

Inline 4,707.19

Crossline 3,429.1 A0

Time ~1,402.78 ms

# 396:Acoustic Impeda 6,891.49 m/s.g/cm~3

Volumes

# 2-R [ Al

# 479 - Classical_InvertedAl

# 987 - ML_Invertedal 1,600

+ overlays

» Masks

- Volume <
= # 988 - ML_InvertedVpVs
& # 987 - ML_InvertedAl
« # 480 - Classical_InvertedVpVs
& # 479 - Classical_InvertedAl C
= # 313 - Raw_InvertedVpVs
@ # 312 - Raw_Inv dAl

CInverte:
« # 263 - Copy(# 256) : ST13013-STAC
~ & Horizon

I Ekofisk 4.000 6,000
% =Top_Draupne_Trough_Repick_Grid # 312 - Raw_InvertedAl ¢ o Acoustic Impedance
w7 Achstein i

4,722
3,775

~ Cursor Read Out

World X 476,176 m |
World Y 6.51432e+06 m |
Inline. 4,702.12
Crossline 3,192.32
Time 1,448.54 ms

DB s / 2 8avineohweisNge G a1 D MDD L. OODBANALTH

PV
|_invertedVpVs
# 988 - ML_InvertedVpVs

+ Overlays

» Masks

& # 988 - ML_InvertedVpVs

@ # 987 - ML_InvertedAl

« # 480 - Classical_InvertedVpVs

« # 479 - Classical_InvertedAl

& # 313 - Raw_InvertedVpVs

« # 312 - Raw_InvertedAl

« # 263 - Copy(# 256) : ST13013-STAC
~ «Horizon

ixEkofisk

= mm7echstein

~ Volume L

/% =Top_Draupne_Trough_Repick_Grid

prestackPro

Inline 4,702 4,702 4,705 4,709 4,712 4,715 4,719 4,720 4,722 4,726 4,730 4,730 4,731 4,731 4,732 4,732
Xline 3,264 3,328 3,392 3,455 3,519 3,583 3,647 3,711 3,775 3,839 3,902 3,966 4,030 4,094 4,158 4,222

1,500 4
1,600
1,700
1,800 -
1,900

2,000

2.100 -
‘

18 24 26 28 3 32

14 16
# 313 - Raw_InvertedVpVs ¢ o VpVs Ratio

prestackPro

4,731 G 4,732 4,732
4,030 4,094 4,158 4,222
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Classical conditioned data

EID 4/ 25w GO AD P OOD BT

- Cursor Read Out Inline 4702 4,702 4,705 4,709 4712
ey At Xline 3,264 3328 3392 3455 3519
World Y 651707406 m
Inline 4.712.28
Crossline 3,525.64 A0
Time 1325ms
# 496:Acoustic Impeda 0mis.glem™3
Volumes
a7/
# 987 - ML_InvertedAl 1,600
1,800
2,000
+ overlays
+ Masks
- Volume -

= # 988 - ML_InvertedVpVs

& # 987 - ML_InvertedAl

« # 480 - Classical_InvertedVpVs
& # 479 - Classical_InvertedAl s
= # 313 - Raw_InvertedVpVs
@ # 312 - Raw_InvertedAl

CInverte:
« # 263 - Copy(# 256) : ST13013-STAC
- % Horizon
000 X 10,000

(% =Ekofisk 4.000 6.
% =Top_Draupne_Trough_Repick_Grid # 479 - Classical_InvertedAl 4 ¢ Acoustic Impedance
w7 Achstein i

= = " = .
L& 7/ Z 8 abne houh wels | N & Rp B d D P OOD BN Y =
~ Cursor Read Out Inline 4,702 4,702 4,705 4,709 4,712
World X 479.132m| Xline 3,264 3,328 3,392 3,455 3,519
World Y 6.51692e406 m |
Inline 4,711.29
1,500
Crossline 3,506.85
Time 1,437.41 ms
# 498:VpVs Ratio 238243
i, 1,600 1
# 313 - Raw_InvertedVpVs
3
# 988 - ML_InvertedVpVs
1,700 1
1,800 -
1,900
+ Overlays
- 2,000
- Volume -
 # 988 - ML_InvertedVpVs
- # 987 - ML_InvertedAl
“® # 480 - Classical_InvertedVpVs 2.100 -
= # 479 - Classical_InvertedAl .
& # 313 - Raw_InvertedVpVs
i —Ekofisk 4 16 18 2
{x —Top_Draupne_Trough_Repick_Grid # 480 - Classical_InvertedVpVs 4 VpVs Ratio
w7 echstein b

4,715
3,583

@ # 312 - Raw_InvertedAl
@ # 263 - Copy(# 256) : ST13013-STAC
~ = Horizon
22 24 26 28 3 32

4,719 4,720 4,722 4,730 4,731 4,731 4,732 4,732

prestackPro

3,711 3,775 3,902 4,030 4,094 4,158 4,222

T iy N

prestackPro

4,731 G 4,732 4,732
4,030 4,094 4,158 4,222
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prestackPro

== = 4 = -
DB s / 2 8avineohweisNge G a1 D MDD L. OODBANALTH
L ~ Cursor Read Out Inline 4,702 4,702 4,705 4,709 4712 4715 4719 4720 4726 4,730 4730 4731 4731 4732 4732
M I C 0 n Itl 0 n e a‘ta e T Xline 3.264 3,328 3,392 3,455 R 3,647 3,711 3,839 3,902 3,966 4,030 4,094 4,158 4,222
World Y 65171406 m| y
nfine. 471248 :
1,500 -
Crossline 3,529.33
Time 1,438.42 ms
# 1006:VpVs Ratio 230287
Vokimes 1,600
# 313 - Raw_InvertedVpVs
# 480 - Classical InvertedVpys
1,700
1,800 -
1,900 -
+ Overlays
v 2,000
- Volume -
&/ # 988 - ML_InvertedVpVs
@ # 987 - ML_InvertedAl
® # 480 - Classical_InvertedvpVs 2.100 =
« # 479 - Classical_InvertedAl 0 g
& # 313 - Raw_InvertedVpvs
« # 312 - Raw_InvertedAl
« # 263 - Copy(# 256) : 5T13013-STAC
- @ MHorizon
iEkofisk 1. 16 18 2 22 24 26 28 3 32
{x —Top_Draupne_Trough_Repick_Grid # 988 - ML_InvertedVpVs 4 o VpVs Ratio
* mm7echstein e

EID 4/ 75w GO AD P 0OOD BNt prestagh o

= Cursor Read Out Inline 4,702 4,702 4,705 4,709 4,712 4722 5 5 4,732 4,732
WoridX 476401 m Xline 3,264 3,328 3,392 3,455 3,519 X 3.775 X 6 4,094 4,158 4,222

World ¥ 6.51453€+06 m i
Inline 4,702.14

Crossline 3,216.84 A0

Time 1,685.75ms

# 1004:Acoustic Imped | 4,727.3 m/s.g/cm”~3

Volumes
# 312 - Raw_InvertedAl

+ overlays

» Masks

~ Volume -
= # 988 - ML_InvertedVpVs
& # 987 - ML_InvertedAl
« # 480 - Classical_InvertedVpVs
& # 479 - Classical_InvertedAl s >
= # 313 - Raw_InvertedVpVs
@ # 312 - Raw_InvertedAl

CInverte:
« # 263 - Copy(# 256) : ST13013-STAC
~ & Horizon

(% =Ekofisk 4.000 6,000 10,000
% =Top_Draupne_Trough_Repick_Grid # 987 - ML_InvertedAl 4 o Acoustic Impedance
w7 Achstein i
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Relative inversion results:

* Raw data — pink
« Classical conditioning — green

ML conditioning - blue

How good are the visual fits
Per well?
By conditioning?

Look at the gathers for each
processing stage at the well
locations. Do they help to
explain your observations?

16/3-6

16/2-21 16/3-85
<] #0-Acoustic Impedance|>]<[ #1-VpVs Ratio =] <[ #0-Acoustic Impedance[>]<] #1-VpVs Ratio =]
— I..Acoustic Impedance_001 (Acoust I..Vst Ratio (VpVs Ratio} — Iiscoustic Impedance {Acoustic Im I..Vst Ratio (VpVs Ratio}
E 1600.00  mis.g/cm”: 11600.00(HL.40 3.20 E 00.00  mis.giem™: 14000.00{f1.40 3.20
= Fops/ZonedJJRaw InvertedAl Trace[4703]3337] Inaanvertauvpvgrracewna:33 - rnpg;z‘me,Iigwjnuerteu;\ljracqu21;3693| Raw_InvertedVpVs Trace[4721]36]
E 1600.00  mis.g/cm™: 11600.00[W1.40 3.20 2 00.00  misgiem™: 14000.00{l1.40 3.20
lassical_InvertedAl Trace[4703 3 [J|Classical_InvertedVpVs_Trace[470 lassical_InvertedAl Trace[4721 3 J|Classical_InvertedVpVs_Trace[472,
1600.00 " mis.giem™: 11600.00[f1.40 3.20 00.00  mys.gicm~: 14000.00{f.40 3.20
LI et otas o raamasoo e W e v _ramnmanao Moo o an v rammaancosen Maa o o g i T _ra-maaoeo
] = = N = IS x
] z B £ 1,400.00 ] ZIE 2
1,400.00 | > ]
] 3> ] =
] é/ ] // 1
- P ] e 4
1op Live 1,500.00 |
] . ] >
1,500.00 | : ] >
] h 1 VAALE d
JVAALE B
TERKUOFISK T 1 EKOFISK )
B ; 1 N
] /) ] g b \“\
1 i 1,600.00 | 2
] 1 \ A
| 1] b
1,600.00 | \ 1
] ¢ ]
] / ]
] ,,f‘ 11, 1704.10
L, 1704.107 = ]
=A% 1sLoD0EK
-4 BLODOEK] = ]
] TP v Y ]
] 1,800.00
1,800.00 | ROEDBY. 1ROEDBY
] Mo ]
1 ; ]
1 1,900.00 |
1,900.00 JAASGAR ] AASGARD] 9:
] ! ] ‘E 3
1 intfd D JDRAUPNE i
1Base Drai = 1SMITHBAI
] . ] (l -
1 = 2,000.00
] 3 ] -9
2,000.00 | ) ] £
. i e v
] Base Live| | % ] |
Jenn i i JROTLIEGE
1 ) S 2,100.00 | \
] 4 23 it = A
2,100.00 7 . ] ) /
N o B L '
1 Je258.17 m/s.g/cm”™3@ 170J[|1.93428 @ 1702 m B 8389.37 m/s.g/cm ™ 3@ 170|]2.23831 @ 1702.61 m
] 5534.8 m/s.g/fcm” 3@ 1703|J2.29691 @ 1703.96 m ] 6487.92 m/s.g/cm ™ 3@ 170§|2.49495 @ 1702.99 m
N 5547.53 m/s.g/cm ™ 3@ 170{|2.52303 @ 1703.96 m g 6382.87 m/s.g/cm ™ 3@ 170{|2.7065 @ 1702.99 m
] 5140.07 m/s.g/cm ™ 3@ 170{|2.34662 @ 1703.96 m 2,200.00 | 6747.14 m/s.g/cm ™ 3@ 170§J2.35133 @ 1702.99 m
[ » 1 »

E 00.00 _mis.gfcm™: 1400000
- Fops/ZonegRaw_InvertedAl Trace[4729]3897|[[Raw InvertedVpVs Trace[4729|38]
E 00,00 mis.gfem”: 14000.00l1.40 3.20)
lassical_InvertedAl Trace[4729|3|iClassical_InvertedVpWs Trace[472]
00.00 mfs.gfcm™:> 14000.00|{§1.40 3.20
aay v aas T _rammnaisanoin Mo g ae T _ramsnisend
%= =
el E
1,400.00 |
1,500.00 | EKOFISK
1,600.00 |
M 1704.104
1,800.00 |
1AASGARD|
1,900.00 |
DRAUPNE|
INTRADRJ
1Base bral
2,000.00 -]
1END
2,100.00 N

<[#0-Acoustic Impedance [>]<[ #1-VpVs Ratio

[>|

..Acoustic_Impedance (Acoustic Im|{ll..VpVs_Ratio (VpVs Ratio)
1.40 3.20]

74
57
149
55

2.03512 @ 5.‘702 m
2.27308 @ 1703.06 m
2.27223 @ 1703.06 m
2.2741 @ 1703.06 m

39.24 m/s.g/cm ™ 3@ 170
65.66 m/s.g/lcm”3@ 170
74.35 m/s.g/lcm” 3@ 170
90.14 m/s.g/cm” 3@ 170
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Table of fits from cross-plotting: filtered Al logs v inversion results

Slope R? Slope R2 Slope R2
16/2-21 0.423 0.200 0.324 0.160 0.390 0.134
16/3-8S 0.460 0.335 0.495 0.451 0.478 0.317
16/3-6 0.542 0.619 0.482 0.528 0.598 0.598

What should the slopes be in an ideal result?
What factors may cause them to be off?

What do the correlations tell us
 Overall?

* About the inversion at each well?
« Per conditioning method?

Are these observations consistent with your thoughts from the previous slide?
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From this evaluation:

« Has the conditioning improved the data fitness for AVA/inversion work? How much?

« How does the ML processing compare with the classical flow? In what respects is one choice
better/worse than the other?

«  Which other QCs would help you to answer these questions?
« What would you do about the AVA scaling?

« What would you change or add in the conditioning flow? ... Next section!
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Section 3. Can you improve the
esults?
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The next few slide discuss the critical angle. For various reasons it is quite important in this dataset.

angle: above

Y

Vbelow

A critical angle occurs when the velocity below an interface is greater than the velocity above the interface.
The larger the velocity contrast, the smaller the critical angle. For angles at and above critical, refractions

and post-critical reflections (with a phase change) are generated, and these typically have high amplitudes
and complicated moveout behaviour.

SHARP REFLECTIONS




Look at the well data, particularly Vp, a short distance below the Draupne. In 16/3-8S and 16/3-6, there are large
velocity contrasts below the reservoir but within tuning distance.

16/2-21 Vp 16/3-8S  Vp 16/3-6 Vp

Sungie veen | s
16/2-21 16/3-85 16/3-6
<[ #0-Acoustic Imp e [>[<[#1-vpVs Ratio [>[<[#2-velocity ] [<[#0-Acoustic e[>[<[#1-VpVs Ratio [>]<[#2-Velocity > [<[#0-Acoustic Imp e[>[<[#1-vpVs Ratio #2-Velocity [~
- -Acoustic Impedance_001 (Acoustffif..vpVs Ratio (VpVs Ratio) | -velocity (Velocity) - J4000.00  my/s.g/em~: 1500 _WpVs Ratio (VpVs Ratio) | velocity (Velocity) > | Acoustic_Impedance (Acoustic im{ll_VpVs_Ratio (VpVs Ratio) Velocity (Velocity)
£ 3 J2000.00  mys.gjcm~= 15000.00|f1 .4 3.20|f1500.00 mis 6000.00 £ 3 [Raw_InvertedAl Trace|472113693)|BL-40 3.20{ff1500.00 mis 6000.00 £ T 00.00  mys.gfem~: 15000.00 [f1.40 3.20(f1500.00 m/s 6000.00]
= = ops/ZonedJRaw_Invert=dal Trace[4703]3337| [JRaw _InvertedVpVs Trace[4703]33 = = ops/Zonedli#000.00 _ms.gem~: 15000.00|[[Raw_InvertedVpys Trace4721|36] - = ops/ZonedJJRaw_Invertedal Trace[4729]3897] [Raw_InvertedvVpVs Trace[4729]38)]
E E 2000 mjs.a/cm™: 15000001 40 3.20| E g [Classical InvertedAl Trace[#721]3|HL40 3.20} E g 00.00 mys.giem™: 15000.00fi 40 3.20)
B |Classical_InvertedAl Trace[4703 3 |[JClassical_invertedVpvs_Trace[470] = }000.00 " m/s.gfem~: 15000.00(iClassical_InvertedVpVs_Trace[472 f= lassical_InvertedAl_Trace[4729|3|[Classical_InvertedVpVs_Trace[472]
J4000.00" mis.gicm™: 15000.00(l1.40 3.20] ML InvertedAl Trace[47213693/0 |BL40 3.20) 00.00__miys.gfem™: 15000.00 |fff1.40 3.20
n = = - peit e ) e Tm—— =
E == /1 B x | =4 == |- == x | AASGARD| =—} x|ls xlls 2
7 3 3 [ g 3 3 [ 1,890.00-AASCARD
T E L g Al g g 1 e I s
{ [ [
1,805 AASGAR : | |-1.930.00 ) 1] 0‘
I [ 1,500 I
J I [ AASGARD] | e [ "
”7&\ 1,785 F ] b
5 /
1,810 i ¥ / /
f { |- 1.940.00 ff / 1,805
/ j_ ‘ s / ;
1,790 F 2
1.815 - 1:920.00 ‘\ - 3 (\’\ : 1,910.00 —
| ¥ 1,810 T f
q | |- 1.950.00 B /
1 1,795 - ‘
1,820 | ks y | <
g : 1,815 ’7 - | <~
£930.00 o A UPNE 1,500 - 1 .060,00.DRAUPNE] I\I I DRAUPNE| | 5 5
1,825 Intra-Di [ - ﬂj ‘ ; é_
ral £ | [ 1,820 1 {
,940.00 5 ] ] R |
1,805 ' - \
B JI | [ B
1:030 } 3 1.970.00 ! e aE \
5 | t 5
[ | | I 1 040.00INTRADR/ ,—’F L—
Base Dral "j Hj 1,810 F I |- 1.940. T %
1,835 o | \
|- 1.950.00 ¥ SMITHEA| é 1,830 L
1837¢ 1952.12 |- 1.980.00 QJ | R [ \
1 1815 | % T { g F 1.950.00 |
1,840 3 ZECHSTEI| \ 2l
¥ \\ 1 T "_?\\ 1,835
|- 1.960.00 o \ g:— =
1,820 - 1.990.00 \ :t? / |- 1837% 1957.84 P=
1,845 SEela — [ \ § ;
|V E e 1,840
,970.00 i £ 7
1,825 ] arae velo ,I,
1,850 .
'a F2.010.00 O O 1,845 !
3 0 g ase a s arge velocity B
1,830 T . |
a a aqre \ s a a [ \
1,855 2 < 0816 @ 1952.09 F 2.0 11286.3 mys.g/cm 31 . 080.00 Increase at @1957.73 m
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Using rough readings off the Vp logs, calculate the critical angles at each of the 3 boundaries marked in the
previous slide: 9. iicq = arcsin (M)

below

Create an angle map for the offset gathers (Offset to Angle) and overlay it on the raw gathers. For each well,
insert an interval in the colour map at the appropriate critical angle (RMB on the colour bar).

Do you see strong evidence of critical energy on the gathers? What does it do to the far-offset response of the
reservoir?

16/2-21

0 3,000 4,000 1,000 2,000 3,000 4,000 1,000

- ¥ 3 b

— ' ‘ —

16/3-8S 16/3-6

1,000 2,000 3,000 4,000

3,336

1,700 \ '

\ . }
1,800 i ' \ ,

NT— —

Hegre 45° L’

1,900

2,000
2,000

0 20 40 60 80
E # 2654 - Offset to Angle(# 254, # 263) : A 4 © Angle 0 20 - 40 60 80 0 20 o 40 60 80
. E () # 2654 - Offset to Angle(# 254, # 263) : A &= Angle E # 2654 - Offset to Angle(# 254, # 263) : A & o Angle
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To make a rough estimate of critical angle in a volume, we need Vp in the volume. The seismic interval velocities
are not suited to this purpose (why not?), but we can use the relative inversion output.

1) Open one of the relative PCube+ runs (Edit Copy) and, in the output tab, ensure that Vp is ticked on. Run the
inversion.

2) Apply a bulk shift of -20 msec to the inversion output Vp.

3) Apply a bulk shift of +20 msec to the inversion output Vp.

4) Use the volume calculator with the volumes from steps 2) & 3) to calculate a critical angle volume.

Arithmetic Tool =8

eimry i vokame o [ The shifts of £20 msec are
e —mi | s — c JiE e chosen to give a separation of
cossve  Firstinputis — » suon 2 et s Bl | ] roughly the wavelet length. If the
from step 2) ' e Gl =N resolution is thought to be better
ey et ression o ] e than that, a smaller shift could be
i T = applied.

e.g. "$Vol2-$voll"
Use the help for more documentation.

[ifc{$‘u’cr2 < $Voll, asin($Vol2/$Voll), 90)| - ] 9

J

Read Out:

b
fawtasol dehon e Custom Equation
M
Parameters = Preview = Display mode

7 | ®cancel a,(;bup ﬂ_ﬂ:p;}l;o .ﬁ_-g_alz_:ulqt_e_' SHARP REFLECTIONS
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at top chalk (Ekofisk):
low critical angle

Large velocity
increase at Basement:
low critical angle

o\
Large velocity % A

increase at \
Zechstein: low f '
critical angle ~

2,100
L.. "\ .
4 »
50 70

30 40
E # 2702 - Volume Calculator(# 2692, # 269 =/ Angle

These estimates depend on the inversion quality. How good are they at the wells?
Relative PCube+ is adequate since the critical angle depends mainly on the relative local contrast in Vp.

Critical aﬁr?gle (degrees)
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The critical angle volume may be used as a QC and should be compared with the gathers, particularly with an
angle overlay.

« Why might the angle overlay have inconsistent angles with the critical angle volume?

» How could you use it as a mute on offset gathers?

« Why is the critical angle important for this dataset?

Flatten the critical angle volume on the Top Draupne and display it in a map view.

478,000 480,000 482000 484000 _ 486,000 A18i000 480,000 4821000 SRS 4000 S 486{000)

6.524e+06 6.524e+06-

Critical angle at Top
Draupne + 40 msec

Critical angle at Top
Draupne + 24 msec

Where is post-critical energy
from below the target going to
interfere with pre-critical energy
in the target?

6.522e+06— 6.522e+06-

6.518e+06-

What does this mean for AVO
scaling?

6.518e+06—

G oleeiio 6.516e+06

What does it mean for
comparison of seismic data
with synthetics, and well-ties?

6.514e+06- & 6.514e+06

L—1500 m L—1500 m

stogram
# 2713 histogram

stogram

# 2713 histogram

Angle histogram Angle histogram

st as Volume specific histogram st as Volume specific histogram |
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-- » : The total classical workflow is replaced by 2 ,
_ fIL gather processing =
; tools with almost no parameters. However, e votume & 507wtz et cnvrs 1812 "y " T oy s sy
11826 02) - Inline [ 4725 |2 [ N . A S
| the workflow took about 25 minutes to run. e | —F O . L
y 3 ST13013-STACK-' : = =
s i o | 2 =
¢ wemm The ML tools took 2 hours each on the same =) =
V! Processed Volume Corrl. Volume_in — L
6} h ardware " v! Difference Volume Corrl. Volume_out roee
ST13013-STACK-' goal
& 226 Align
—_ Align_Ts
© Demultiple [-2.000
3 - e Destretching
t to (# Gain Filter(# 11)
FINGE - AGC length 0100 /5|
# Parabolic ~
. 40001, L 4.000
i Read Out: Read out: Read out:
7 B 7 Weancel| & \2,,99!9“,'659
ter(# 26, Gain Filter(# 35) gahe procesing =
€ t Input Volume | # 247 - Gath2023_ML_Aligned_Gathers |z z LR 2,000 4,000 Pracezs'::: \:o‘l)::v Diffm:::: ‘::::L“e
. Inline 4725 2 # e e )
LI n e ar Crossline 3779 2 F
24 Z 2 ' onnx file pers/Pr _Ci ign_ts.onnx Ea
R ad 0 n v Processed Volume Corrl. ;olume_in Shifted Volume L 1,000
) — v Difference Volume Corrl. Volume_out i
— n goal =
Align =
131 ( ® Align_Ts — =
I Demultiple [ 2,000
Destretching -
sy AGC length [ 0.100 %]’
Gather 3,000 - 3,000
» alignment
‘ Yoo
Read Out: Read Out: Read Out:
z 7 [Weancel| 0 &wjﬂ
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Challenge!

The classical workflow, Gath2023_ConditioningWorkflow, was made for a comparison with the ML tools. The
gathers are not ready for QI analysis.

Obvious missing steps include

* More denoise

* Making the wavelet consistent across offsets/angles
« AVA scaling

There may be others ...

What would you do to make the data fit for QI?
« Tweak parameters in the workflow

« Add more conditioning steps

» Throw out the workflow and start again

Load a small patch of the raw gathers around 16/3-6 (all inlines and crosslines 3800 to 4000 ) and tweak the
existing workflow, add to it, or make your own. The aim is to use the QCs that we have already seen, plus
any others of your choice, and end up with the best data for QI analysis. Pay particular attention to AVA
scaling!
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Appendix A: QC Workflow
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This appendix explains how to run the QC workflow.

The input is offset gathers. It also requires a velocity field.

The output is

* Angle gathers for comparison with the well synthetics.

« Maps of the angle gathers at top Draupne for cross-plot amplitude analysis.
« Partial angle stacks for input into relative PCube+.

Once opened, this workflow should not be closed as it will be re-used through the exercise. The idea is simply
to keep it open at the side of the screen and re-run it when you make a new conditioned volume of offset
gathers.

The first run of this workflow will have to load data from disc. After the first run, we will edit the workflow and
make it run with data direct from the volume pool.
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1) From the Workflow menu, select
Gath2023_QC_Map_ Workflow.

2) In the file selection box, accept all of the
settings and just click Select.

3) Accept the default settings for the velocity

Create Atrpute Maps

input and just click Select. input Sefection
. i -
4) In Create Attribute Maps, ensure that the Top Input Volume =
Draupne surface is selected and click Lonprme o tenecont 8
p [ [=]
Calculate. o i
Load Veloci .
& Bl Map settings
Input | Expert parameters |
. Velocity File | ST13013-STACK-VEL-RMS [ N Create map at: At horizon position v |
The workflow is now ready to run - Medin s bt |G [ 0- 01 ' |
. Seismic Volume ‘5 * e
IEI— | Ssmoothing Filter Half-Length | 0.2|3[[0-1] | | |
Velocity File Info ‘ Seismic Volume Info History > ——— |
select Data Domain Minimum Maximum Unit h | | i
- 1 Inline: Inlines 4021 4789
File: | Gath2023_Raw_Gathers|$E; N Crossline:  Crosslines 2375 4475 Time shift (t) | 0.00 |:i|£|
Inline ‘ Crossline =~ Offset  Time = Enter comments output Information | Properties = Processing His | Tane: Time 0:00 6500.00. ms
= Content: Velocity 1486.0 6980.0 mfs
= u Il Inli . Inli 5 - 7
se all Infines s (rlHEs =b 4100 - Property  Value Instantaneous | windowed
v 4700 “| From | 4700 |*| || Nb.Crosslines: 1159 13200 - | Velocity type ~ RMS
v 4701 S
v| 4702 To | 4750 ;| || Offset: 51 1287.00m  ~ |
v 4703 —4‘—| — v
V| 4704 Decimation | 1|3 Nb. Samples: 1001
v/ 4705 i | Sampling Interval: 4.00 ms
V] 4706 o ‘ Bt Sampling Range: 0.00 .. 4000.00 ms : :
v 4707 . F Output Volume Properties
v 4708 Size of Selection: 11.241 GB
v/ 4709 Available Global Memory: 463.626 GB Domain Minimum  Maximum  Unit In
v 4710 Inline: Inlines 4700 4750
W 4711 Crossline:  Crosslines 3200 4358
V| 4712 Trace: Time 0.00 400000 ms 4
v/ 4713 Content:  Velocity 1486.0 69800 s
v| 4714 —
v 4715 |Invert Selection | Property Value
v 4716 Veloci Ints 1
71 4717 felocity type nterval
v 4718 _ 2) 3) 4)
i aTin
e _— | |
|Match to volume:  # 572 - Crossplot(# 482, # 482) : MapPoly 5 | # ™ . v ( |
|@,l ‘%‘ 7 | #cancel H_‘!E?!ﬂ‘ ? | :Cance| I “Skip || aappw | a£a|cu|ate
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1)
2)
3)
4)

5)

Ensure that the interactive LED is green.
Click the Execute button.
When it has finished, click the OK button on
the pop-up window. Do not close the
workflow!
It is recommended to insert a separator into
the volume pool at this point.
One at a time, using LMB, drag the

a) Velocities

b) Angle gathers

c) Partial angle stacks

d) Angle map

from the workflow into the volume pool.

Workfiow: "Gath2023 Q¢ Map Workfow"

H ElE »® H of @. Add algorithm..._

Add some description here...

_Partial Angle Stac
t 1129 MB

l»Execute | I(DCIose i

1) 2)

The first run is now complete. Keep the workflow window
parked somewhere on your screen for later re-use.
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Workflow: "Gath2023_QC_Map_Workflow" [=) '

The workflow must be edited to use data from M s o [,{L@' et Algostrin

the volume pool. Aci sorme ese]

1) Click Discard volumes button. 1)

2) LMB drag the velocity volume from the data
pool onto the workflow velocity volume.

3) LMB drag the new set of offset gathers from
the data pool onto the workflow gathers.

Offset Gathers

#3592
Data Pool: Gathering2023. WellCalibratedWorkflows@dell20 ‘ % _ | ST13013-STACK-'
& 226

' Partial Angle Stac
1129 MB

| @Max. File Size: 0Byte | » Execute | ()Close |

Workflow memory:¢_=

— New Group
& &yl
~ Offset Ga ST13013-STACK-' | | Angle Gathers |
Your volume pool HG’ 20D :
won’t look exactly |l
. . Incidence Angle 2
like this. e, ) %
e
Global Memory: (IR 30% | Local Memory: 245.826 GB ::'
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1) The notch in the volumes shows that they come from the volume pool.

2) RMB click on the Select Velocity arrow and choose Remove this
algorithm.

3) RMB click on the Select Data arrow and choose Remove this algorithm.

— Workflow: "Gath2023 Q¢ Map Workfow"

Workflow: "Gath2023_QC_Map_Workflow" [=]
H ;l; 2P H o @' Add algorithm..._ p‘ Elé o H o @' A0d Blgotim

Add some description here... Rd s dearption Nere.

The final workflow
should look like
this. It can now be
e executed. All
SR e | three output
: volumes should
be dragged back
to the volume pool
after running it.

& 672
ST13013-STACK- f  Partial Angle Stac
1129 MB

aupne; )  Angle Gathers

“— i Keep the workflow
window open.

———5 1 IE | » Execute Close | e T TSR DY
Workflow memory:<_ 5827 MB/node /@ 1> Y Workflow memory:¢ - 2890 MB/node 2@

| » Execute | () Close
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In order to re-run the QC workflow

1) Click on the Discard volumes icon

2) LMB drag your desired offset gathers from the volume
pool onto the gather input.

3) Click Execute.

4) Drag the output volumes back to the volume pool.

It is unnecessary to drag the velocities in again, as the ones
that are already there have the correct geometry.
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Add some description here...

& B72
ST13013-STACK-'

i| Angle Gathers

Workflow memory:¢ - 12890 MB/node ‘5\0

3)

» Execute | k) Close |
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Appendix B: Amplitude v Angle
pssplots
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This appendix describes how to make the amplitude v angle cross-plots around each well.
The idea is to make a separate cross-plot window for each well location. The appendix illustrates this

using 16/3-6. The same steps should be followed using polygons around 16/3-8S and 16/2-21 (in
separate cross-plot windows).

This appendix assumes that you already have the amplitude maps (output from the QC workflow) and

have already made a small map polygon around the well (or else use the polygon supplied in the
project).

In the window, we display amplitude v angle at the Top Draupne surface for each raw & conditioned
volume. The graph is also displayed for the well synthetic.
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1) Open the Cross Plot tool from the Interpretation-
Processing menu.

2) Click on the Add Plot drop-down and select Volume AXeS. g

3) Select one of the amplitude maps (output fromthe QC =~ = F&® @&« f-f-8- 7% .7 0 A

workflow) as Input Volume. i > i I I
4) Choose Fold as X axis and Content as Y axis. ]

100+ —

5) Click on Use Selection and select a map polygon around
16/3-6.
6) Click Ok. — ‘ -
7) To add another map to the same plot, repeat steps 2) to [ &wims = reercone — o
7) selecting the desired map in step 3). & et oot ' O o
3) Input Volume: | # 482 - Amp map from angle g |?]
2) Axis X: |Fold - |
4) Axis Y: | Content -

Show axis details

Use third axis

| Polygon Selection |

5) = | V| Use Selection | MapPoly 16 3 6 F3|
| ®cancel] | fOk |
Histogram
1 Volume specific 6)
() Content specific
|Set as Content specific histogram| ™
Plot Info Polygons
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1) The individual plots may be renamed by RMB on the
name in the list and select Rename from the menu.

2) The binning of the plots is too fine in the X axis. Click on
the arrow to the right of the Recalculate plots icon and
select Recalculate all plots with custom settings.

3) Set the X axis min to 5, max to 50, and bin size to 1.

4) Click OK.

5) After rebinning, it will be necessary to adjust the colour

bar.

B dSP ¢aepf

= Cursor Read Out

Angle |

Seismic Amplitude |

|~%:/@ 16/3-6 Well Synthetic

!-?;_;Add Plot

I~ €|

0.15+

0.104

3)

3)

20 October 2023

Recalculate all Crossplots

Recalculate all crossplots with the following parameters:

Axes Range

_ Keep unchanged

' Include Average +/- 3 std.dev of each volume (Min..Max for files)

. Include Min..Max of each file and volume

e Manual
X Axis: Min: 5.00000000 |*/° Max: 50.00000000 ;:E‘] |
Y Axis: Min: -0.1821641119 |*| Max: 0.1830229786 =
Bin sizes

{
¥ Axis: 1|7(° (926 bins) |
Y Axis: 0.001000000000 |2 (366 bins)

' cancel || 4Ok
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Cross Plot Window, 4!

DEp e dMyeal -#-5- 7% 70 A

~ Cursor Read Out . . eismic Amplitude vs. Angle [*
o | Switch off display A ey
Seismic Amplitude | Interpolatlon 10 , , , , 20 , , . . S . . . ., . . . :

# 599:Crossplot Density |

| BS&ERaw Data

lassical

:

L < <  . I . . I
Bowellsyninete — 3 different seismic data sets
Well synthetic

0.10---------"-- R B R R R R

4{Add Plot e, SWitch between
scatter plotand
density plot

Toggle
individual point
cloud visibility

Seismic An

X-Axis: Amp map from angle gathers (Fold) =
Range: 5 .. 50 ° ]
Bin Size: 1 ° |
Y-Axis: Amp map from angle gathers (Content) kS : : : : ¥ -
Range: -0.183 .. 0.184
Bin Size: 0.001 Histogram
Polygon Selection: MapPoly 16 3 6 () (1) histogram
Points in Selection: 17,480 ‘®/ Crossplot Density histogram
Points in Plot: 17,480 (100.00 %) T |set as Volume specific histogram |
Plot Info | Polygons




Appendix C: Cross-plotting well
DgS against volumes
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This appendix describes how to cross-plot volume data (eg inversion results) against filtered well logs.
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1)
2)
3)
4)

5)

6)

Open the cross-plotter.

From the Add Plot drop down list, select Well Data.
Choose the desired well.

On the X axis, choose Log file and the acoustic
impedance log.

On the Y axis, choose Extract from volume and the
inverted Al volume.

Select Butterworth in the Log filtering options.

(w—pass filter

v Enable Low-Pass Filter
| Pass/Stop Definition

-3 dB Frequency 50.0 :
Order |
= Slope of -28.7825 dB per Octave

S-et input data for the axes

.\Qetsampliﬂg

e -3dB/Slope Definition
|Hz[0.0 .. 112.5]

10 3

PreStackPro

N

e -3dB/Slope Definition

High-pass filter
v| Enable High-Pass Filter

1 Pass/Stop Definition

3.0 |2 Hz[0.0 .. 112.5]

[3] 1. 30]

= Slope of 6.22686 dB per Octave

7)

-3 dB Frequency |

[1..30] Order

4.00 %[ ms|

=/

Reference well 16/2-21

= Cursor Read Out

DA g el -H-%- 7% /- 3)

7)

.\:-.i‘::,-
|i:|

| B

|2 |
5

X | 0 | 20 Zone _EMPTY_
Y| 0] — X Axis
é e : =
(e Log file | Extract from volume
w] 4) Input log | 16/2-21_Acoustic Impedance_007/3[f
\ J
Y Axis
e Log file e Extract from volume |
80— 5) Input volume | # 312 - Raw_InvertedAl |§ | 8
— + Color by third attribute
|4;Add Plot ] - I~
& Volumes ‘lnput Control co! Log filtering
6 T .
) [ Off '@ Butterworth User-defined
& well Data 2)
—TTrs ‘ :pcm:s
0 Symbol | Rectangle - Size  6px |+
Show details
| # Cancel o Ok 8)

20 October 2023

Choose the desired filter parameters
and click Ok in the filter parameter
window. The target sampling should
be the same as the seismic sample
interval.

Click Ok in the input selection
window.

SHARP REFLECTIONS




The filtered well log has zero mean (as the high pass filter
was applied). We have to adjust the axes accordingly.

1) Using LMB in the white space of the cross-plot, drag the
view until the X axis is centred on zero.

Click on the Recalculate plots icon.

You may have to adjust the zoom (roll the mouse wheel
and reclick the Recalculate plots button) to ensure that
all data points are displayed.

2)
3)

Grioss PlotWindow 2

Epgesr cwal-4u-lrus-0A

~ Cursor Read Out
Acoustic Impedance
Acoustic Impedance

&) 16/2-21: LOG: Acoustic Impeda

Acoustic Impedance [m/s.g/cm™ 3] vs. Acoustic Impedance [m/s.g/cm~3]
Acoustic Impedance [m/s.g/cm”3]

3
-4,000 -2,000 o] 2,000 4,000
1 L 1 1 1l |

8,000~

6,000

|4, Add Plot

Input Control

Reference well| 16/2-21
Zone |_EMPTY_
X Axis

_» Extract from volume

‘@ Log file 4,000
Input log | 16/2-21_Acoustic Impedance_001
Y Axis

‘& Extract from volume

) Log file

Input volume | # 312 - Raw_InvertedAl (&) [#| 2,000

Acoustic Impedance [m/s.g/cm 3]

+ Color by third attribute

Log filtering

Off (@) Butterworth () User-defined

] (48]

Scatter
Symbol |Rectangle ~ |
X-Axis: Log File 16/2-21_Acoustic Impedance_001
Range: 2487.2 .. 14204.2 m/s.g/cm ™3
Bin Size: 10 m/s.g/cm”™3

Size | 6px < v

Y-Axis: Volume Raw_InvertedAl (along wellpath) <« - - »
Range: 0 .. 15280.5 m/s.g/cm ™3
Bin Size: 10 m/s.g/cm”3

Points in Selection: 280
Points in Plot: 4 (1.43 %)

\Average Samples per Bin: 2.2269e-06 -
| Plotinfo | Pelygons

e ode 4

Cross PIotWindow 3

Bal-H-%- L HS-0A

~ Cursor Read Out

Acoustic Impedance |

-1,923.54 m/s.g/cm "3 |

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

Acoustic Impedance [m/s.g/cm”3]
1,000

|Y-Axis: Volume Raw_InvertedAl (along wellpath)
Range: -1900 .. 15200 m/s.g/cm”3
Bin Size: 10 m/s.g/cm™3

Points in Selection: 280
Points in Plot: 280 (100.00 %)

|Average Samples per Bin: 0.00132521
Plot Info | Polygons
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Acoustic Impedance | 9,839.48 m/s.g/cm ™3| -2.000 -1.000 Q ) 2,900 3.900
Be=man€16/2-21: LOG: Acoustic Impedance 001 vs. VOL:Raw_Inv. B | | | B
12,000 -l R TR TP PP PP PP R R T PR P TR . e
: ; - - L :
10,000 <~ R S R e
. . . .
I el : : : - :
|49 Add Plot el — : ; ! - :
— Input Control & : . . . :
Reference well| 16/2-21 [ § N : m = : " :
] 8,000 - e | EEg L R e
Zone |_EMPTY_ - |2 E’ : : - .=. - ".l L . om :
X Axis E : . . .- " " m . " . n
‘e Log file ) Extract from volume o " - . "l L] [] - ! :- L] '
B = L] ; " : a = :
Input log | 16/2-21_Acoustic Impedance_001 £ § e . - !!,1:}:,.,,_,!.,,' ,,,,,,,, 3 T e S R SR
! . v w
_ £ ‘ S
Y Axis = :
- - A =
) Log file ) Extract from volume 2 L
3
_— .
Input volume | # 312 - Raw_Invertedal [E[#] | | 2 apoo - ooooeies e
+ Color by third attribute
Log filtering
_) Off (e Butterworth () User-defined | # |38 T A
Scatter symbols
Symbol | Rectangle ~ size| 6px |2 =
| X-Axis: Log File 16/2-21_Acoustic Impedance_001 E
Range: -5800 .. 6500 m/s.g/cm™3
Bin Size: 10 m/s.g/cm™3 o
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We add a regression line to show the relationship between

the filtered log and the inversion result.

1) Use RMB in the white space of the cross-plot and select
Create a regression polygon.

2) Ensure that only the point cloud of interest is visible.

3) Move the polygon corners to capture all of the live data
points (not the ones along the zero axis at the bottom).

4) RMB inside the polygon and choose Calculate

Cross Plot Window 4

Polynomial Fit (15t orde , R s
ynomial Fit ( rder). CECB Sl h8- /%l OA
~ Cursor Read Out Acoustic Impedance [m/s.g/cm ™3] vs. Acoustic Impedance [m/s.g/cm ™3]
Acoustic Impedance \ -2,286.75 m,is.gfcm"3| Acoustic Impedance [m/s.g/cm ™3]
Acoustic Impedance | 1,768.47 m/s.gfcm™3 | 2 000 0 5 000 4000
[ 1|6 16/2-21: LOG:_Acoustic Impedance_001 vs. VOL:Raw_Invi L L L L L L =) L L
(=3 B T e R AR LR
12,000 - {= == oo R T TR Seeeeq-
2 Add Plot 'E' 10000 |- oo Lom N
—————————— Input Control (F i | i ! !
Reference well 16/2-21 ‘ 2 E
S
Zone LEMPTY_ T
X Axis E
3 = 8,000 -
e Log file Extract from volume 7
] ]
Input log | 16/2-21_Acoustic Impedance_001 H,E E
g j
Y Axis E
Log file ‘e Extract from volume & 0,000 -
]
Input volume | # 479 - Classical_InvertedAl ‘; P4 g B
< R?=10.192
+ Color by third attribute . o . .
L e R LR LR R EEEEEEEEEEEEEEREE RS EERREEEEE R EEEEE R SRR R R
——————————————— Log filtering i 8 8 o
_) Off (s Butterworth () User-defined 2|35
Scatter symbol. i
Symbol |Rectangle - Size | 6px 3| - 20004 - b= oo bt

Plot Info | Polygons
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