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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.
WO T KS gy

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

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

L RCEEENAE

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

| WA
A Norwayods third | argest oil fi §|

The Johan Sverdrup field

- e




Johan Sverdrup dataset

A 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—

A Wells:
22 wells within the project ] [
3 wells within the cropped dataset ss2seros]  Eyll data 16/2-21
R Horizons | areainthe 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 A conditioned seismic dataset is used for the following exercises s

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

& 520406

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

A 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
A Distinct elastlc_ properties for the target, overburden and £ - 3t Fool1.4 yaofo.00 ~ apl 13 R angestacks 7 L s
underburden lithologies S ([ VpVS GR s Angle it Angle
20.00 40.00 20.00 40.00
| L | | | I |
. . E 1.640] < < =[I's =[le x
A" Top Draupne varies across the field due to hard Asgard e o BE e g ] .'
Marl thickness variations L700.00 170000 | e Pl
E e |BLODOEKS
E : I"r'_ : *!
A~ Top Draupne Sand response varies depending onthe |y imot | - s 5 |
overlying Draupne Shale thickness S = == 2
g = == || & _ROEDRY
;— 1.720 _.{- —_T‘;? .= -
A~ Base Draupne response varies depending on underlying "% ™"t | = 3 |
lithologies (Basement, Zechstein, Statfjord) B )
1,850.00 1350002—”5“ 1 — 1_:1 ‘
. B %
Sola (overburden) ¢ = o o
Al- Vst crossplot from multlple wells = = e rassae—
L Asgard Marl) { = | = | = —
: . w i — el | o
soreeeneenne o ACOUIUCHMPEQGANCE Draupne Soft Shale |- _ =
] : : : Sl DAacarvAniyDratinna LI = :E";"" ”"35_'-‘-_;_' ””” ; Pk ok l\* *****
I Basement (upper) f SEN444 4
2l ,,,,,,,,,,,,, ,,,,,,,,,,,,, ,,,,,,,,,,, 1.860 = | RN g s
DraupneShalts ‘ ‘ % E i 2 N ‘ _____________ =&

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—
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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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Evaluation of the Results

25 © Sharp Reflections 2023 20 October 2023 SHARP REFLECTIONS



This section collects up the various displays that have been made and asks some questions.
|l t6s up to you to answer t hem!

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
A Noise, what kinds, how strong

A Multiple content

A Gather flatness

A 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 |

-

3

@ 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

W - Gath2023_Align2_Aligned Gathers,
B Gath2023_16_2-21_Synthetic
B Gath2023_16_3-6_Synthetic
B Gath2023_16_3-85_Synthetic

@ Velocities [4]

'q -
- ¥ Timeshifts [2]
v BB Gath2023_ML_Align_timeshift
v| /B Gath2023_Align2_TimeShifts
\ i

¥ Horizons and Maps (4]

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: «
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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 B

ED// 255 ¢uBdb P 00D B/ + 5

~ Cursor Read Out

World X [ 481,045m
World Y . 6.51847e+06m|
inline [ ams)
Crossiine 370315
Offset 1,937 m]|
Time [ 203296ms|
# 78:Time Shift (Observed) 4.7695 ms|
Inline I 47252 [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

~ l«/Horizon
= Ekofisk
& /=Top_Draupne_Trough_Repick_Grid
[ |m=Zechstein
& l=Basement

» wWell

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

1,400

1,600 -

1,800 o

2,000 -

2,200 +

‘ 0
_ T ///I\\ - —.
10 0 10 20

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