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How the exercise 
works é
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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 

QCs on all three volumes, with the aims of evaluating 

the data quality and of comparing the ML processing 

with the classical route.

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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17)Run conditioning workflow around 16/3-6 

18)Run QC workflow

19)Run relative PCube+

20)Add to QC plots

21)Tweak workflow
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Section 1

Section 3

Section 2

Section 2

Section 2

1) Open project

2) Create synthetics for wells 16/2-21, 16/3-8S, 16/3-6

3) Create maps for synthetics

4) Load raw gathers

5) Run QC workflow

6) Run relative PCube+

7) Make QC plots

8) Add synthetics to QC plots

9) Load conditioned gathers

10)Run QC workflow

11)Run relative PCube+

12)Add to QC plots

13)Load ML gathers

14)Run QC workflow

15)Run relative PCube+

16)Add to QC plots

22)Conclusions for AVO scaling?

23)Conclusion for ML processing?

The idea of this exercise is to run section 1, then 

section 2 for each dataset, and accumulate the 

QC plots.

There is then an evaluation stage where the QC 

plots are digested and this may give rise to 

further questions.

These questions are addressed in section 3.
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Background Information: Johan 
Sverdrup
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Johan Sverdrup in short
Å Johan Sverdrup located 150 km from the Norwegian coast in 

the North Sea 

Å Discovered in 2010

Å Production start in 2019

Å Jurassic Sandstone reservoir at 1900 metres depth, 200 km²

Å Reservoir thickness varies across the field and is estimated 
to range from 2 metres to 38 metres

Å Operator : Equinor (42,6 %), Partners : Lundin Norway (20 
%), Petoro (17,36%), Aker Bp (11,57%) and Total (8,44)

Å Expected production per day : 400.000 (Phase 1) to  
660.000 barrels per day (Phase2) 

Å Resources are estimated 2.7 billion barrels of oil

Å Norwayôs third largest oil field
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ÅThis dataset covers only part of Johan Sverdrup 

- Approx. 100 km2

- Cropped dataset for exercises : 33 km2

ÅWells: 

Å 22 wells within the project

Å 3 wells within the cropped dataset

ÅHorizons

- Ekofisk, Draupne, Zechstein, Basement

Johan Sverdrup dataset

Data used in the 

exercise 

Full data 

area in the 

project

Outline of Johan 

Sverdrup

16/2-21

16/3-8S

16/3-6



7

Johan Sverdrup dataset

16/2-21 16/3-8s 16/3-6

Sele

Ekofisk

Draupne

Zechstein

ÁA conditioned seismic dataset is used for the following exercises

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

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

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

From Sedimentological analysis and 

reservoir .., Henrik Olsen et all  

(mapped by Mærsk Oil)

Top basement 

twt structure 

map

IL 4716
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Rock Physics and Well Synthetic
Å Distinct elastic properties for the target, overburden and 

underburden lithologies

Å Top Draupne varies across the field due to hard Åsgard 
Marl thickness variations

Å Top Draupne Sand response varies depending on the 
overlying Draupne Shale thickness

Å Base Draupne response varies depending on underlying 
lithologies (Basement, Zechstein, Statfjord)

AI vs VpVs ïwell 16/3-4 & 16/2-21 

for selected zones

Example: Well 16/3-6

AI VpVs GR

Åsgard

Roedby

Sola

DraupneSand

DraupneShale

Zechstein

Basement

AI-VpVs crossplot from multiple wells 

Acoustic Impedance

V
p
V

s
-R

a
ti
o IntraDraupne marks top of sand

OWCReservoir Draupne 

Sand(HC)

Draupne Soft Shale

Åsgard (Marl)

Sola (overburden)

Basement (upper)

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)
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Variation in Draupne Soft Shale thickness influences the top reservoir reflector

Soft Shale ~ 12 mSoft Shale ~ 0-3m

Inline 4721

Top Draupne 

Zechstein

Top Draupne is 

picked on a trough

ÅSGAR

D
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Well Depth -> Thickness Formation 

below 
Draupne?

Identifiable reflection? If yes, what is the polarity & AVA 
response?

Åsgard marl Draupne 
shale

Draupne 
sand

Top 
Draupne

Top Draupne 
sand

Base 

Draupne 
sand

Base 
Draupne

16/2-6 14 m 5 m 6 m No TD table

16/2-11 15 m 2 m 30 m
Tuned with 
Åsgard

Tuned Tuned
Top 

Skagerrak 
(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 

IV partly 
tuned

Tuned
Tuned with 

Top 
Rotliegend

Tuned with 

Top 
Rotliegend

16/2-16 12 m 3 m 5 m Heather Tuned Tuned Tuned Tuned

16/2-21 26 m 3 m 11 m SmithBank 
shale?

Soft, Class 
IV

No, tuned No, tuned
Top 

Skagerrak 
(peak, flat)

16/3-6 34 m 16 m 23 m Basement Soft, Class 
IV

No, tuned
Hard, flat to 
weak Class I

Hard, flat to 
weak Class I

16/3-8S 26 m 6 m 14 m SmithBank 
shale

No, tuned No, tuned
Hard, flat to 
weak Class I

Hard, flat to 
weak Class I

Well Depth -> Thickness Formation 

below 
Draupne?

Identifiable reflection? If yes, what is the polarity & AVA 
response?

Åsgard marl Draupne 
shale

Draupne 
sand

Top 
Draupne

Top Draupne 
sand

Base 

Draupne 
sand

Base 
Draupne

16/2-6 14 m 5 m 6 m No TD 

table

16/2-11 15 m 2 m 30 m Tuned with 

Åsgard
Tuned Tuned

Top 

Skagerrak 

(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 

IV partly 

tuned

Tuned

Tuned with 

Top 

Rotliegend

Tuned with 

Top 

Rotliegend

16/2-16 12 m 3 m 5 m Heather Tuned Tuned Tuned Tuned

16/2-21 26 m 3 m 11 m Hegre shale
Soft, Class 

IV
No, tuned No, tuned

Top 

Skagerrak 

(peak, flat)

16/3-6 34 m 16 m 23 m Basement Soft, Class 

IV
No, tuned

Hard, flat to 

weak Class I

Hard, flat to 

weak Class I

16/3-8S 26 m 6 m 14 m SmithBank 

shale/Zechstein
No, tuned No, tuned

Hard, flat to 

weak Class I

Hard, flat to 

weak Class I

Summary: AVA and Layer Thickness
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Section 1: Well Synthetics

20 October 2023© Sharp Reflections 2023 
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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, 

select Create Synthetics.

2) Choose the well.

3) Set the angle geometry.

4) Click Calculate

These wells only have one log set and one TD 

curve, so they are selected by default. There is 

only one wavelet in the project.

2)

3)

4)



14 20 October 2023© Sharp Reflections 2023 

We are making amplitude maps from the 

synthetics to compare with the seismic data in 

the cross-plotter.

1) From the Interpretation-Processing menu, 

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

2)

3)

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.
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Section 2: Gather Analysis

20 October 2023© Sharp Reflections 2023 
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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.

2) In the Select Data window, just click Select.

The raw gathers are in file Gath2023_Raw_Gathers.

Conditioned gathers: Gath2023_Align2_Aligned_Gathers.

ML gathers: Gath2023_ML_Aligned_Gathers. 

2)

1)
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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. 

Also add the data for the synthetic for the well.

b) In subsequent runs, add the new data to the 

existing three cross-plots.
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1) The first time through this section, open up the well 

viewer. 

2) Drag the AI curve from 16/2-21 into the empty space.

3) Drag the Vp/Vs curve from the same well next to the 

AI track.

4) Drag the well 16/3-8S into the empty space to the right 

of the viewer.

5) Drag the AI and Vp/Vs curves from this well in.

6) Repeat steps 4) & 5) for well 16/3-6.

The inversion results will be added to this plot through the 

exercise.
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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 conditioning.

4) Click the Start PCube button.
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1) Add the inverted AI into the well viewer by dragging 

the volume onto the track. Ensure that the correct 

location is used by choosing the DRAUPNE top. 

Repeat this for all three wells.

2) Repeat step 1) for the inverted Vp/Vs.

3) It is recommended that the curves are coloured by 

data set.
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1) The first time through, create an arbitrary path through 

all three wells.

2) Display the PCube+ relative AI along the path. On 

second & third runs through the section, just add to 

the existing viewer.

3) Add well log overlays.

4) Repeat for Vp/Vs.
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1) Create a cross-plot of inverted AI against the filtered logs for all 

three wells. See Appendix C.

2) Repeat step 1) for the inverted Vp/Vs.

3) Make a table capturing the slope of the regression line (0.4 in the 

illustration) and the R2 value for each well, dataset pair.

Raw Classical ML

Slope R2 Slope R2 Slope R2

16/2-21

16/3-8S

16/3-6
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Evaluation of the Results

20 October 2023© Sharp Reflections 2023 
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This section collects up the various displays that have been made and asks some questions.

Itôs 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

ÅNoise, what kinds, how strong

Å Multiple content

Å Gather flatness

Å 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
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Visual comparison of gathers from the three stages: Classical conditioned
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Visual comparison of gathers from the three stages: ML conditioned
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Timeshift evaluation

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.


