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1 OpendTect Pro

OpendTect PO

OpendTect Pro is an extended version of OpendTect for professional users.

OpendTect Pro users benefit from the following extra functionality: a direct link to
Petrel*; a basemap utility; a PDF3D tool to capture 3D images in pdf format; a Thalweg
tracker for auto-tracking seismic facies; and an accurate ray-tracer for computing angle
stacks and AVA attributes.

OpendTect Pro can be extended further with commercial plugins developed by
dGB and its partners. This document describes the functionality in the Pro layer (that is
available to all commercial users) as well as the plugins developed by dGB Earth
Sciences. The user documentation of plugins developed by other vendors is given in

separate documents.

*is a mark of Schlumberger.
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1.1 PetrelDirect

PetrelDirect is an OpendTect Pro feature for direct data transfer between OpendTect

and Petrel* projects. Reading data from a Petrel* project is available in various

OpendTect workflows via insert icon % , Which allows to either access data directly

from a Petrel* data store via links or physically copy data to an OpendTect project.
Either method gives full potential for manipulation, interpretation and processing. Writ-

ing data to a Petrel* project is also available in various OpendTect workflows by choos-

ing EPetrelDirect output format.

Survey > Import and Survey > Export menus have PetrelDirect option for

supported objects.

Full two-way access (Petrel* <> OpendTect):

Faults (since 6.0.4 release) and FaultStickSets

3D horizons

2D and 3D seismic

Wavelets

Wells (tracks, time-depth models and logs)
One way access (Petrel* > OpendTect):

* 2D horizons
* 3D prestack seismic

* Wells (markers)

The images below show an example of an OpendTect project with key data being read

directly from the Petrel* data store.
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OpendTect () and Petrel* (r) showing a linked demo project

PetrelDirect status button E (in the lower right corner of the main OpendTect

window) helps to monitor the status of the connection to Petrel*. Pushing the button will

lead to the Settings Window. The drop-down menu next to it allows to directly control

the status of the connection:

° E - disabled (drop-down menu next to it allows to Enable connection)

° - uninitialized (connection is enabled, i.e. will be activated once PetrelDirect

is used; drop-down menu next to it allows to either Disable connection or Initialize

now)

° ﬁ - active (drop-down menu next to it allows to Disable connection)

*is a mark of Schlumberger.
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1.1.1 Survey Setup From Petrel*

An OpendTect survey can be quickly set up from an existing Petrel* project. Go to Sur-

vey > Select/Setup or click on {? icon in the main OpendTect window and then click

on | €3 icon to Create New Survey.

b Create New Survey = B

Specify new survey parameters

survey name NewSurvey from Petrel

Available data ¥ 3D 2D

Initial setup |2 Use PetrelDirect

ser Scan SEG-Y file(s)

p4 Set for 2D only

% Copy from other survey
i Enter by hand

Z Domain ® Time ) Depth

O Next | @ Cancel
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Use PetrelDirect option of Initial setup forwards to Get survey setup from Petrel* win-

dow which looks different depending on the availability of 2D and 3D seismic survey

folders in Petrel* project.

3D: choose one of the 3D seismic folders either in the tree view or using drop-down

menus.

i Get survey setup from Petrel - E

Base the OpendTect survey on

4 4 Seismic
o s By All 3D seismic folder
LpIEEETBIR 2 B 3D Seismic Data survey

Velocity Cubes

|3D Seismic Data survey v| in |AII 3D seismic folder v|

QoK | @ cancel @ Help

2D: choose one or more 2D seismic surveys which will be used to generate a sug-

gested survey setup and set the percentage of data to be left outside the survey box.
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fe Get survey setup from Petrel - [

Mote: Only 2D data available.
Generated setup will be no more than a suggestion.

Base the OpendTect survey on

2 (9 Seismic

& Survey 1
Survey 2
B Survey 3
B Survey 4

Leave 5 % of the data outside the survey box

() OK | © Cancel @ Help

The Edit Survey Parameters windows opens with all survey with pre-filled parameters

from the selected Petrel* project set-up.
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f—':! Edit Survey Parameters

Survey name |New8unmy_from_Pelrel |

Location on disk |C:\Surveys
Survey type Both 2D and 3D ~ %

Ranges/coordinate settings | Enter below e

-:- Survey ranges @ Coordinate settings 2 1/C to X/Y transformation <& Coordinate System

In-ine range (100 [3][750 3|Step [1 2] Nr. In-lines: 651

Y
-

Cross-line range |300

11250 %] Step |1 4| Nr. Cross-lines: 951

Z range [0 |[1848 | Step [4 | milisecond v

Display depths in @ Meter () Feet

Seismic Reference Datum (m) |0 |

= Apply

QCancel 0

Free space on disk: 25.40 GB

The survey parameters need to be checked, and edited if required.

*is a mark of Schlumberger.
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1.1.2 Import From Petrel*

Reading data from a Petrel* project is available in various OpendTect workflows via

=
insert icon "= , which allows to either access data directly from a Petrel* data store via

links or physically copy data to an OpendTect project. Either method gives full potential

for manipulation, interpretation and processing.

Survey > Import menus have PetrelDirect option for supported objects.

L

There are two ways to use data from a Petrel* project in OpendTect:

* Link to Petrel™:
° no data duplication;
° data is available only when the Petrel* project is running and PetrelDirect

connection is active (i.e. Petrel* license is tied).

* OpendTect copy:.
° physical copy in OpendTect format;
° no restrictions on data access (i.e. Petrel* license is not tied and data is

accessible to all users).
The following data can be read from Petrel* to OpendTect:

* Faults (since 6.0.4) and FaultStickSets

* 2D and 3D horizons

* 2D and 3D seismic

* 3D prestack seismic

* Wavelets

* Wells (tracks, time-depth models, logs and markers)
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Use Ctrl+A and Ctrl+Shift+A shortkeys to select/de-select all items in the

list.
It is now possible to import/export multiple objects.

Batch processing for importing objects is now available for Faults, FaultSticks, Hori-
zons and Seismic Cubes. A check box to use the original name is provided which
should be checked in case the same needs to remain identical to the object in the
Petrel project. Any name entered into the field adjacent to this will be used as the 'base

name' for the objects.

*is a mark of Schlumberger.
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1.1.2.1 Import Fault From Petrel*

Petrel* fault interpretation can be accessed in OpendTect as Faults by clicking on

PetrelDirect insert icon rg,. in the following places:
B
* Manage Fault window (Survey > Manage > Faults... or click on = I icon in the

Manage Data toolbar)
» Select Input Fault(s) window when adding Fault(s) to the 3D scene, 2D viewer or

Basemap by right click on Faultin the tree > Add)

Select Fault Interpretation(s) window allows to select faults from Petrel* project and cre-

ate either Link to Petrel* or OpendTect Copy.

& Import FaultStickSet — O X

O - Filter 'S

~ [ Seismic A
~ [T Interpretation folder 1

v 07 FaultSet_1684
[] X FaultSet_16840
[] &% FaultSet 16841
[] &% FaultSet 16842
[] &% FaultSet 16843
[] &% FaultSet 16844
[] &% FaultSet 16845
[] &% FaultSet 16846
[ & FaultSet 16847 bt

Create O Link to Petrel ® OpendTect Copy

[ Use Original Name FaultStickSet | ~| | © Select ... | | ¥ dGB v

[ Execute in Batch Options ...

o | @

Fault Import User Interface
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OpendTect does not support crossing fault sticks (a fault plane cannot
cross itself). If faults were picked on inlines, crosslines and horizontal slices,
only the largest subset of the three will be used to import the faults. Manual
editing (removing unwanted sticks) is possible after import and might be

required in some cases.

*is a mark of Schlumberger.
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1.1.2.2 Import FaultStickSet From Petrel*

Petrel* fault interpretation can be accessed in OpendTect as FaultStickSets by clicking

2
on PetrelDirect insert icon "= in the following places:

* Manage FaultStickSet window (Survey > Manage > FaultStickSets... or click on
me]

“~ kicon in the Manage Data toolbar)

» Select Input FaultStickSet(s) window when adding FaultStickSet(s) to the 3D

scene, 2D viewer or Basemap by right click on FaultStickSetin the tree > Add)

Select Fault Interpretation(s) window allows to select faults from Petrel* project and cre-

ate either Link to Petrel* or OpendTect Copy.

) Import FaultStickSet - ] X
O - e ] &
v E seismic A

~ [ Interpretation folder 1
v~ [ FaultSet_1684
[] X& FaultSet_16840
[] & FaultSet_16841
[] & FaultSet 16842
[] K& FaultSet_16843
[] A% FaultSet_16844
[ &% FaultSet_16845
[ & FaultSet_16846
[[1 4% FaultSet 16847 ~

Create O Link to Petrel @ OpendTect Copy

[J Use Original Name FaultStickSet | V| 6 Select ... i dGB ~

[ Execute in Batch Options ...

Qoo | @

FaultStickSet Import User Interface

FaultStickSet in OpendTect is a set of fault sticks which can be grouped into

faults.

*is a mark of Schlumberger.
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1.1.2.3 Import Horizon From Petrel*

Petrel 2D and 3D horizons along with horizon attributes can be accessed in OpendTect

2
by clicking on PetrelDirect insert icon = in various workflows.

*is a mark of Schlumberger.
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1.1.2.3.1 Import 2D Horizon From Petrel*

Petrel* 2D horizons can be accessed in OpendTect by clicking on PetrelDirect insert

icon % in the following places:

* Manage 2D Horizons window (Survey > Manage > Horizons > 2D... or click on
I icon in the Manage Data toolbar)

» Select Input 2D Horizon(s) window when adding 2D Horizon(s) to the 3D scene,
2D viewer or Basemap by right click on 2D Horizonin the tree > Add)
» other workflows, including creating flattened scene, etc.

Select Horizon Interpretation(s) window allows to select 2D horizons from Petrel* pro-
ject and create either Link to Petrel* or OpendTect Copy.
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_oEN

Select Horizon Interpretation(s)

4 5 Seismic
4 IF |nput To Structural model
4« TF Hoarizons
4 [ Time and Depth Honzons 2D and 3D

s BCU

B T Tarbert

B T Ness

e T Etive

[+l Link to Petrel

Create
[1# OpendTect Copy

€9 OK | @ Cancel @ Help

In order to ensure smooth import of a 2D horizon, OpendTect project must

contain 2D line geometries with names matching the Petrel* 2D seismic sur-

L

vey associated with that 2D horizon.

*is a mark of Schlumberger.
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1.1.2.3.2 Import 3D Horizon From Petrel*

Petrel 3D horizons and surfaces can be accessed in OpendTect as 3D Horizons by

2
clicking on PetrelDirect insert icon = in the following places:

* Manage 3D Horizons window (Survey > Manage > Horizons > 3D... or click on

I icon in the Manage Data toolbar)

» Select Input Horizon(s) window when adding 3D Horizon(s) to the 3D scene, 2D
viewer or Basemap by right click on 3D Horizonin the tree > Add)
» other workflows, including 3D Horizon gridding and filtering, creating flattened

scene, etc.

Select Horizon Interpretation(s) window allows to select 3D horizons and surfaces from

Petrel* project and create either Link to Petrel* or OpendTect Copy.
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#  Select Horizon Interpretation(s) = =

1 & T_Etive A
(] & -2300
« 0 Gulfaks Input
2 [ Surfaces (Time)
& Seabed
& Base Cretaceous
& Top Tarbert
& Top Ness
& Top Etive
2 [ Faults (Time)
4 [ Fault Surfaces

] & Boundary Fault
— & O | - n W

L4 Link to Petrel

Create
[ 1% OpendTect Copy

O oK | © Cancel @ Help

OpendTect project is based on a particular 3D survey set up. Petrel* 3D
horizons associated with 3D seismic surveys which geometries are different
and Petrel* surfaces based on grids which are different are snapped to an

OpendTect grid during import.

*is a mark of Schlumberger.

-37-



1.1.2.4 Import Seismic From Petrel*

Seismic data from Petrel* project (2D poststack; 3D post- and prestack) can be

=
accessed in OpendTect by clicking on PetrelDirect insert icon = in various workflows.

*is a mark of Schlumberger.
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1.1.2.4.1 Import 2D Seismic From Petrel*

Petrel* 2D seismic can be accessed in OpendTect by clicking on PetrelDirect insert

icon % in the following places:

* Manage 2D Seismics window (Survey > Manage > Seismics > 2D... or click on
i
-ﬁﬁ icon in the Manage Data toolbar)

» Select 2D Line(s) window when adding 2D Line(s) to the 3D scene by right click
on 2D Linein the tree > Add)

» other workflows, including attribute definition and processing, etc.

Select 2D Line Collection(s) window allows to select 2D seismic data from Petrel* pro-

ject, provide a dataset name in the Aftribute field and create either Link to Petrel* or

OpendTect Copy.
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Select 2D Line Collection(s)

o

4 [ survey sub folder n11-20
4 n11 [Realized] 1
4 n12 [Realized] 1
P4 n13 [Realized] 1
4 n14 [Realized] 1
4 n15 [Realized] 1
P4 n16 [Realized] 1
4 n17 [Realized] 1
4 n18 [Realized] 1
P4 n19 [Realized] 1

4 n20 [Realized] 1

4 [[@ 2D Seismic - seismic survey

1 4 2DInline 152 Time

L]

Attribute ' Seismid v| © Select ...
L4 Link to Petrel
Create
[ 1 OpendTect Copy
O oK | @ Cancel @ Help

2D seismic data in OpendTect is organized in datasets and 2D line geo-

L

metries. A dataset contains unique data for each 2D line, i.e. seismic data

characterized by common processing history or a specific seismic attribute.

*is a mark of Schlumberger.
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1.1.2.4.2 Import 3D Seismic From Petrel*

Petrel* 3D seismic cube can be accessed in OpendTect by clicking on PetrelDirect

2
inserticon "= in the following places:

* Manage 3D Seismics window (Survey > Manage > Seismics > 3D... or click on

i
-ﬁﬁ icon in the Manage Data toolbar)

* Select window when adding a seismic attribute display at In-line/Cross-line/Z-
slice/3D Horizon in the 3D scene
» other workflows, including attribute definition and processing, etc.

Select Seismic Cube window allows to select 3D seismic data from Petrel* project and
create either Link to Petrel* or OpendTect Copy. The tree view and the drop-down

menus offer alternative ways to select data from a Petrel* project.

& Import Petrel Seismic Cube - O X
0 - e[ ] s
v Seismic ol

~ [ F3Demo

O 4 Dip steered median filter

[ & 9-3 Fault enhancement filter

O Fault_Likelihood_Thinned_from_DSMF_seis

] & Min Similarity on FEF seismic

[ (& Smoothed_Seismic

] (3 Spec Decomp FFT 24Hz

Oa Spec Decomp FFT 44Hz

[ & Spec Decomp FFT 64Hz

163 1 Orininal hd

Wolume subselection |1UUISUU—?5[}IHZSU (463 samples) | e Select ...

MNull traces @ Discard O Pass
[ Scale values:  Shift/Factor

Create O Link to Petrel ® OpendTect Copy

[ Use Original Name Output Cube ‘ v‘ © Select .| | #CBVS ~

[] Execute in Batch Options ..

Qo @

Added by dGB's Petrel/OpendTect connection

Seismic Cube Import User Interface
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Petrel* 3D seismic cube must have the same geometry as OpendTect sur-

vey set up. The easiest way to achieve this is to Get survey set up from

L

Petrel* when setting up a survey and choose an appropriate Petrel* seismic

survey folder as the geometry source.

*is a mark of Schlumberger.
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1.1.2.4.3 Import 3D prestack Seismic From Petrel*

Petrel 3D Prestack seismic dataset can be accessed in OpendTect by clicking on

PetrelDirect insert icon % in the following places:

* Manage Prestack Data window (Survey > Manage > Seismics Prestack > 3D... or

click on -ﬁ?l icon in the Manage Data toolbar)

» other workflows, including Prestack attribute definition and processing, etc.

Select Prestack Seismics window allows to select 3D prestack seismic data from
Petrel* project and create either Link to Petrel* or OpendTect Copy. The tree view and

the drop-down menus offer alternative ways to select data from a Petrel* project.

i Select Pre-Stack Seismics - 0

4 m Pefrel2014 1 demo project pet
Input Pre-Stack Seismics |22 PrestackDataSef{SEGY - StacksT ...

PrestackDataSet] = in Petrel2014_1 der -

L+ Link to Petrel

Create
[ 1% OpendTect Copy

O OK | @ Cancel @ Help

Petrel* 3D prestack data must have compatible geometry with OpendTect

survey set up. The easiest way to achieve this is to Get survey set up from
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Petrel* when setting up a survey and choose an appropriate Petrel* seismic

survey folder as the geometry source.

*is a mark of Schlumberger.
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1.1.2.5 Import Wavelet From Petrel*

Petrel* wavelets can be accessed in OpendTect by clicking on PetrelDirect insert icon

% in the following places:

* Manage Wavelets window (Survey > Manage > Wavelets or click on “'.'l icon in

the Manage Data toolbar)

Select Wavelet(s) window allows to select wavelets from Petrel* project and create
either Link to Petrel* or OpendTect Copy.

) Import Petrel Wavelet

- | .
- Filter ‘J
v [ Seismic
] o stat 120
(] =i tmp_bp
Scale factor |1 |
Create O Link to Petrel ® OpendTect Copy
[] Use Original Name | V| € Select .

Run o Close 0

Added by dGB's Petrel/OpendTect connection

Import Wavelet User Interface

*is a mark of Schlumberger.
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1.1.2.6 Import Well From Petrel*

Petrel well data (deviation survey, time-depth model, logs and well tops) can be

2
accessed in OpendTect by clicking on PetrelDirect insert icon = in the following

places:

* Manage Well window (Survey > Manage > Wells... or click on sl icon in the Man-
age Data toolbar)
* Load Well(s) window when adding well(s) to the 3D scene or Basemap by right

click on Wellin the tree > Add)
» other workflows, including well-to-seismic tie, Log attribute definition and pro-

cessing, etc.

Select Well(s) window allows to select wells from Petrel* project and create either Link
to Petrel* or OpendTect Copy. Active time-depth model in a Petrel* project is always

used.
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™ Select Well

e

Filter

v Ul F2 Block

] A Fo21

v B F3 Block

] A FO3-2
[] A FO34

v Ul F6 Block

[] A FO&-1

WellLogs
Markers

<All>

' © Select

<All>

O Select __

Create () Link to Patrel ® OpendTect Copy

& oK

Import Well User Interface

Selection of well logs and markers.

* By default all well logs and markers are selected.

Qcancel @

* To change the default within the current import session: highlight one well in the

tree and click Select buttons to make a selection of well logs and markers which is
automatically applied to all the wells.

Use Ctrl+A and Ctrl+Shift+A shortkeys to select/de-select all items in the list.
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*is a mark of Schlumberger.
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1.1.2.7 Import Pointsets and Polygons From Petrel*

Petrel pointsets and polygons can be accessed in OpendTect by clicking on PetrelDir-

2
ectinserticon "=® in the following places:

* Manage Pointset/Polygons Windows (Survey > Manage > Pointsets/Polygons...

or click on the “*' icon in the Manage Data toolbar). When adding from

PointSet/Polygon manager, user will have a selection box to choose which kind of

object they want to import from Petrel*

* Load Pointsets (Polygons) window when adding pointsets (polygons) to the 3D
scene or Basemap by right clicking on Pointsets (Polygons) in the tree > Add).

The relevant dialog box pops up.

Import Pointsets (Polygons) window allows to select Pointsets (Polygons) from Petrel*

project and create either Link to Petrel* or OpendTect Copy.

# Import Petrel PointSet - ]} X

0 - Filter r

Create O Link to Petrel ® OpendTect Copy
[ use Original Name PickSet Group | O Select ... ¥ dGB ~

N Do | @

Selection of well pointsets (polygons)

By default all pointsets (polygons) are selected.
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To change the default within the current import session: highlight one polygon (point-

set) in the tree and click Select buttons.

Use Ctrl+A and Ctrl+Shift+A shortkeys to select/de-select all items in the list.

*is a mark of Schlumberger.
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1.1.2.8 Import All Data From Petrel* at Survey

Creation

This OpendTect Pro feature facilitates the import of an entire project from Petrel* to

OpendTect during the survey creation phase.

All data objects are supported (including but not limited to: survey parameters, seismic

2D/3D, pre-stack seismic, horizon 2D/3D, fault, pointset, polygon, wavelet and wells)

and can be copied in a single click of a button.

This enables the user to do his or her seismic interpretation work in OpendTect Pro and

push these interpretations back into Petrel* for subsequent modeling work.

The initial steps in this workflow are similar to the workflow described in section 1.1.1

Survey Setup From Petrel*.

Firstly, specify the creation of a new survey using the PetrelDirect option in the initial

setup:
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@ Survey Setup and Selection - O X

ﬂSun.fey Data Root ... |C:\Surveys | o @
F3_Demo_2020 &

N = Lol =z
F3_Demo_2020_20i F3 Demo 2020

(4

My_New_Survey & Create New Survey

Specify new survey parameters

Survey name |SurveyFromPetreI|

Available data [+ 3D 2D

Initial setup | Use PetrelDirect ~ | Boortzso
< Scan SEG-Y file(s)

74 Set for 2D only

¢! Scan Navigation Data

@ Information & Copy from other survey

T Read from Survey Setup file v

In-ling
Cross—-1ling
Z rang Z Domain @ Time O Depth
Inl/Crl bj

s
In-line ozigj QCanceI 0

Lococromr o WourveyS o Domo_EUsnw

e 31N

Qcancel @

Then select the Petrel* seismic survey to be used for creating the new OpendTect pro-

ject:
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@& Edit Survey Parameters - O *

Survey name ‘SurveyFromPetrel

Location on disk C:\Surveys
Survey type Both 2D and 3D v

Ranges/coordinate settings Enter below ~

1 Survey ranges @ Coordinate settings B I/C to X/Y transformation < Coordinate System

In-ling — ] (o [~ ] — [a]
& Get survey setup from Petrel
Cross-lin
Base the OpendTect survey on
4 v E Seismic
Display de Input Seismic Survey [E F3 Demo
Seismic Reference Daty F3 Demo ~ | In Seismic “
Qcancel @
= Apply

QOK €3 cancel 9

Free space on disk: 49.17 GB

Upon clicking OK in the Edit Survey Parameters dialog box, a message asks if we

would like to import data or not:

| ‘& Specify X

‘ o Proceed to import data?

o

If the user wants to proceed with importing data at this time (pressing Yes), then the

Object Selection dialog box is shown.

The dialog box depicts the tree as seen on Petrel* side with identical icons.
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The tree can be filtered in two ways, either on the basis of name of the object or on the

basis of object type, or in combination:

rvey Object Selection

Select Datatypes |All Objects ii

well | =] &2

Wavelet

Harizon Grid

Fault Interpretation
3D Horizon

Seismic Cube

A F03-2
A F03-4
v (@ F6 Block
A F06-1
v E Seismic
v [E F3 Demo
4 Dip steered median filter Petrel
Smoothed_Seismic Petrel
1 Original Seismics Petral
1 Original Seismics Petrel [Realized] 2
Interpretation folder 1
8 Demo 0 —> FS4 Petrel
8 Demo 1 —> MFS4 Petrel
8 Demo 2 > FS6 Pelrel
& Demo 3 --> Top Foresets Petrel
# Demo 4 —> Truncation Petrel
84 Demo 5 —= FS7 Petrel
& Demo 6 > FS8 Petrel
# Demo 7 --> shallow Petrel
# Demo a > Base Tertiary Petrel
# tst2del_Inter Demo 0 —> FS4
& tst2del_Surface_Demo 0 > FS4
KE® fitA_AL_2del

] Execute in Batch Options ...

€3 cancel 9

The Datatypes list is populated with the data types available in the selected Petrel* pro-

ject that are supported by OpendTect.
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Note: All OpendTect data types are now supported - Seismic 2D/3D, Pre-stack Seis-
mic, Horizon 2D/3D, Faults, FaultStickSets, PointSets, Polygons, Wavelets and Wells

Upon selecting the required objects, they will be imported and saved in the newly-cre-

ated OpendTect project.

If a large amount of data needs to be transferred to OpendTect, it is recommended to

use the Batch option to speed up the processing.

*is a mark of Schlumberger.
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1.1.3 Export To Petrel*

Writing directly to Petrel* data store is available in various OpendTect workflows by

%
choosing s PetrelDirect output format.

The following data can be written directly to Petrel* data store:

* FaultStickSets

* 3D horizons and horizon attributes
* 2D and 3D seismic data

* Wavelets

The example below shows processing the dip-steered similarity attribute to be output

directly to Petrel* project.

Quantity to output | Dip-Steered Similarity > | © select..

Volume subselection |1UD!300—T50!‘1250 (463 samples) | e Select ..

Mull traces (@ Discard () Pass

[] Scale values: ShiftFactor

Output Cube | Dip-Steered Similarity from OpendTect v || € Select .| |[5]PetrelDirect

Batch execution |Single Process hd | {:} Options ..
I_@DK | ‘ gCancelH eHeIp |

Click on Select button to choose an output Petrel* folder, otherwise the data

is written to the first appropriate folder.

*is a mark of Schlumberger.
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1.1.3.1 Export Fault To Petrel*

Currently only FaultStickSets can be written to Petrel* data store as Fault Interpretation

object.

*is a mark of Schlumberger.
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1.1.3.2 Export FaultStickSet To Petrel*

OpendTect FaultStickSets can be written directly to Petrel* data store as Fault Inter-

pretation object by choosing EPetrelDirect output format in the following places:

* Right-click on a fault stick set in the Tree of 3D scene or 2D viewer and choose

Save as:

e Output selection

EY <

Cutput FaultStickSet | Fault_01] W

© select ...

[M] PetreiDirect ~ |

Replace in tree

O ok

Q Cancel

@ Help

Click on Select button to choose an output Petrel* folder, otherwise the data

is written to the first appropriate folder.

e Save FaultStickSet as window:
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Pl
|

Save FaultStickSet as

o

Cutput FaultStickSet

Filter |*

FSS_01
FSS_02

= 53815-Grid-Faultsticks =

3% X B [

Write to

L] PetrelDirect -

Putin

-

Mame

() cancel

*is a mark of Schlumberger.
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1.1.3.3 Export Horizon To Petrel*

Writing seismic horizons directly to Petrel* data store is available in various OpendTect

windows by choosing EPetre/Direct output format. Currently only 3D horizons are

supported.

*is a mark of Schlumberger.
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1.1.3.3.1 Export 3D Horizon To Petrel*

Writing 3D horizons directly to Petrel* data store is available in various OpendTect win-

.
dows by choosing PetrelDirect output format:

* Right-click on a 3D horizon in the Tree of 3D scene or 2D viewer and choose

Save as:

e

QOutput selection

Area subselection |1UD!30D-?50!125D (463 samples)

O Select..

S oEN

Qutput 3D Horizon | FS4_harizon|

<

© Select ..

Replace in tree

[+] PetrelDirect -

9 oK ) Cancel @ Help

* In various workflows, such as gridding, filtering, etc.:
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e Haorizon Gridding = b

Scope |Convex Rl v|

Inl/Cri Step |1 IE |

[] Keep holes larger than (m)

Algarithm |Continuous curvature - |

Tension |U.25 |

Search radius (m) | ] |

Save Horizon (@ As new () Overwrite

Output Horizon | FS4_gridded v| © select... |[}]PetreiDirect v

[ ] Display after create

\_IODK ||QCancel|| eHelp |

Click on Select button to choose an output Petrel* folder, otherwise the data

is written to the first appropriate folder.

e Save 3D horizon as window:
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=

Save F54 horizon as

Cutput 3D Haorizon

Write to

Seismic Folder

Putin

Mame

Filter *

constl

=Demo0—=F34 =
Demo 1 —-= MFS4

Demo 2 —=F56

Demo 3 —= Top Foresets
Demo 4 —= Truncation
Demo 5—=F37

Demo 6 —=F358

[ ] PetreiDirect ~

*  in - |E Select ..

F34 horizon

a oK ) cancel

* Under Survey, Export Horizons with PetrelDirect:
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& Export 3D Horizon to Petrel

- Filter |*

Input 3D Horizon |l Demo 0 —> FS4 A
[]Demo 1 —-> MFS4

[l Demo 2 —> FS6

a []1Demo 3 —> Top Foresets

[] Demo 4 --> Truncation

[ ] Demo 5 --= F57

[ ] Demo 6 —> FS8

[] Demao 7 —=> shallow v

[~

=@ 0

Horizon properties/attributes

Subselection Type @ Use complete Area (O Truncate Area

Area subselection |1[}[}f300-?50f1250 (463 samples) | € Select .

Seismic Folder |F3 Demo v | In | Seismic v ] select

Save as @ Horizon Interpretation ) Surface

Base Name | ~ | Put in | Interpretation fol - E Select ...

N O cose

On the Petrel side, multiple seismic surveys are supported.

Save as Horizon Interpretation or Surface: It is a new option in Version 6.6.0 that
allows to export a surface as Horizon Interpretation or as Surface. A Surface is not
bounded by seismic survey dimensions, it can exist across multiple seismic surveys.

Whereas, Horizon Interpretation can only exist within a seismic survey.
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OpendTect is created on the basis of single survey dimensions, hence no distinction
between Surface and Horizon Interpretation. When a horizon is imported to
OpendTect, it is imported as surface (i.e. even if data is outside survey ranges it will be
displayed). But when exporting to Petrel, the user needs to make a clear distinction

between Surface and Horizon Interpretation.

Use Complete Area: This option as per its name does not truncate the area. In case
the surface is greater than the seismic cube, a warning message will pop up stating
these facts. If a user still wants to transfer such surfaces as Horizon Interpretation, it will

be truncated according to survey dimension.

Truncate Area: This allows subselection of area.

Base Name: This allows a common string to be added before the name of the object
being exported. If kept blank original name of object will be used to create an object on

Petrel* side. This option is available in all export Petrel* dialog boxes.

*is a mark of Schlumberger.
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1.1.3.4 Export Seismic* To Petrel

Writing 2D and 3D seismic data directly to Petrel* data store is available in various

OpendTect windows by choosing EPetrelDirect output format.

*is a mark of Schlumberger.
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1.1.3.4.1 Export 2D Seismic To Petrel*

Writing 2D seismic data directly to Petrel* data store is available in various OpendTect

workflows by choosing EPetrelDirect output format:

processing 2D seismic attributes;

copying 2D seismic data;

creating 2D grid and extracting 2D data from 3D seismic

Click on Select button to choose an output Petrel* folder, otherwise the data

is written to the first appropriate folder.

*is a mark of Schlumberger.
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https://doc.opendtect.org/6.6.0/doc/od_userdoc/Default.htm#processing/create_seismic_output/attributes/create_2d_output.htm%3FTocPath%3D6%2520Processing|6.1%2520Create%2520Seismic%2520Output|6.1.1%2520Attributes|_____1
https://doc.opendtect.org/6.6.0/doc/od_userdoc/Default.htm#survey/manage/manage_seismics/manage_2d_seismics/copy_data_set.htm%3FTocPath%3D4%2520Survey|4.5%2520Manage|4.5.12%2520Manage%2520Seismics|4.5.12.2%2520Manage%25202D%25C2%25A0Seismics|_____2
https://doc.opendtect.org/6.6.0/doc/od_userdoc/Default.htm#processing/create_seismic_output/conversions_2d_to_3d/create_2d_grid.htm
https://doc.opendtect.org/6.6.0/doc/od_userdoc/Default.htm#processing/create_seismic_output/conversions_2d_to_3d/create_2d_grid.htm

1.1.3.4.2 Export 3D Seismic To Petrel*

Writing 3D seismic data directly to Petrel* data store is available in various OpendTect

windows by choosing EPetre/Direct output format:

» processing 3D seismic attributes, Volume builder output, Bayesian Classification,

etc.;

* operations on 3D seismic volumes such as copying and merging.

Click on Select button to choose an output Petrel* folder, otherwise the data

is written to the first appropriate folder.

*is a mark of Schlumberger.
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https://doc.opendtect.org/6.6.0/doc/od_userdoc/Default.htm#processing/create_seismic_output/attributes/create_3d_output.htm%3FTocPath%3D6%2520Processing|6.1%2520Create%2520Seismic%2520Output|6.1.1%2520Attributes|_____2
https://doc.opendtect.org/6.6.0/doc/od_userdoc/Default.htm#processing/create_seismic_output/volume_builder_output.htm%3FTocPath%3D6%2520Processing|6.1%2520Create%2520Seismic%2520Output|_____9
https://doc.opendtect.org/6.6.0/doc/od_userdoc/Default.htm#processing/create_seismic_output/bayesian_classification.htm%3FTocPath%3D6%2520Processing|6.1%2520Create%2520Seismic%2520Output|_____4
https://doc.opendtect.org/6.6.0/doc/od_userdoc/Default.htm#survey/manage/manage_seismics/manage_3d_seismics/copy_cube.htm%3FTocPath%3D4%2520Survey|4.5%2520Manage|4.5.12%2520Manage%2520Seismics|4.5.12.1%2520Manage%25203D%2520Seismics|4.5.12.1.1%2520Copy%25C2%25A0Cube|_____0
https://doc.opendtect.org/6.6.0/doc/od_userdoc/Default.htm#survey/manage/manage_seismics/manage_3d_seismics/merge_files.htm%3FTocPath%3D4%2520Survey|4.5%2520Manage|4.5.12%2520Manage%2520Seismics|4.5.12.1%2520Manage%25203D%2520Seismics|_____2

1.1.3.5 Export Wavelet To Petrel*

Writing wavelets directly to Petrel* data store is available in various OpendTect win-

dows by choosing EPetre/Direct output format.

Click on Select button to choose an output Petrel* folder, otherwise the data

is written to the first appropriate folder.

*is a mark of Schlumberger.
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1.1.3.6 Export Well to Petrel*

Petrel well data (deviation survey, time-depth model and logs) can be accessed in

OpendTect by clicking on PetrelDirect insert icon %‘ in the following place:

* Export Well window (Survey > Export > Wells> PetrelDirect*)

The Select Well(s) window allows to select wells from OpendTect project and create a

copy in Petrel*.

) Export Wells to Petrel — O *

] — 0-

Input Well |[J F02-01_ImpNarmal
[] F02-1_Petimp_Sing_SelAll

a [ Fo3-2
[ FO3-4
[ FoB-1

=@ [

New Folder Name Putin |Wells w ESelect.._

Q Close

Well Export User Interface
Multiple exports are supported. Different selection of wells and logs can be made.

Use Ctrl+A and Ctrl+Shift+A shortkeys to select/de-select all items in the list.

*is a mark of Schlumberger.
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1.1.3.7 Export Pointsets and Polygons To Petrel*

Petrel pointsets (polygons) can be accessed in OpendTect by clicking on PetrelDirect

inserticon % in the following place:

* Export Pointsets (Polygons) window (Survey > Export > Pointsets/Polygons>
PetrelDirect)

Export Pointsets (Polygons) window allows to select pointsets (polygons) from

OpendTect project and create a copy in Petrel*.

¥ Export PointSets to Petrel — a x
a - Filter [*

Input PointSets/Polygon |[] 3D Body ~ | B

[J 3D body

E [ Chimneys no v ]
[[] Chimneys yes E
[ FFST
[ gas

[ [ Inner points crossplot anomaly

"1 NL offshore outline "

Base Name I

New Folder Name | ~| Putin | Seismic v EBselect ..

Qoo @

Pointsets Export User Interface

Multiple exports are supported. Different selection of pointsets (polygons) can be

made.

Use Ctrl+A and Ctrl+Shift+A shortkeys to select/de-select all items in the list.

*is a mark of Schlumberger.
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1.1.4 Link OpendTect and Petrel* projects

1. Open both Petrel and OpendTect applications, Select the project/survey you want to

transfer data to/from:

1 O\PetrelData\F3_Demo.pet

2 0N \Cloudspin_SecondaryProject.pet

3 O\PetrelData\Teapot_Dome.pet

4 O\ \PetrelData\F3_Demo_with_wells.pet
5 C\.\Validated_Well_db.pet

H Save project
ll_é Save project as . ..
1 I ]%pen project...

IFPDPE

@ Survey Setup and Selection

‘ﬂSumay Data Root ‘ |C:\Sumays |

Coudspin_Petrel_tst2del EO.L,:‘I
F3_Demo_2016_training_v6 NewSurvey_from_Petrel
F3_Demo_2020_training_v7
NewSurvey_from, Petrel 7504300 750/1250
Petrel_Link_test_2del

Cil o FERCASTY

100/300 100/1250

»~
2. At the start, the Petrel connection icon is disabled (in the lower right corner of the

main OpendTect window).

3. Enable the Petrel connection (drop-down menu next to the PetrelDirect icon):

=N

) Enable
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Y

When the connection is enabled, the PetrelDirect status button becomes active:

4. Initialize Petrel connection (drop-down menu next to the PetrelDirect icon):

|~
Disable
Initialize now

When the connection is initialized, the PetrelDirect status button indicates that the con-

nection has been established between Petrel and OpendTect projects, thus: E

Note: If the connection is enabled and left uninitialized, the PetrelDirect status will

become active once Petrel is used.

*is a mark of Schlumberger.
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1.1.5 Settings Window

Petrel* connection settings can be set/modified by clicking on PetrelDirect status button

E'(Iocated in the lower right corner of the main OpendTect window).

fem Petrel connection settings — ©

Link status (Active)

TCP port to use 57375 %]

Disable connection on error ‘® Yes ) No

Enable connection at starfup ® Yes ) No

eﬁpply ) Close | @ Help

Link status: the icon shows the status of connection to Petrel* and can be clicked on to
change it:
e

L= - disabled (click on it to Enable connection)

- uninitialized (connection is enabled, i.e. will be activated once PetrelDirect is

used; click on it to Initialize now or use drop-down menu next to it to Disable con-

nection)
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E - active (click on it to Disable connection)

TCP port to use: TCP port number must be the same as the port number specified on

the Petrel* side. The default value of 57375 should work in most cases.

The default value of TCP port can be changed using DTECT _PETREL _

PORT environment variable. In doubt consult your system administrator.

L

*is a mark of Schlumberger.
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1.2 Basemap

OpendTect’'s basemap is accessible from OpendTect’s main menu (View > Basemap)

or this shortcut icon (%). A separate detached window is launched, which is by

default synchronized with the 3D scene. We recommend turning such synchronization

off if the data size (e.g. area or number of 2D seismic line) is huge.

Basemap comes with its own tree allowing an independent control of data displays. An

overview of the basemap window is given below:

ol =

|
]
3
L

i

£ SMullAl bar

KR S

Main Menus

Basemap

This includes:
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Save (D ) or Save As (ﬁ| ) are used to save the current displays as a map for future

use. We highly recommend saving a basemap on a routine bases. Multiple copies of

the map are also allowed.

¥ Save Dasemap Dala o =0 E =)
salazl prput Hassraz Lata

Filker *

FESO

Mems Eusernap Daom 4 TAT Klap Ok Al 13, 3701E

CO5 ][ @t | @ |

A previously stored basemap can be retrieved using the Open ('a') icon. You can set

one basemap as a favourite /default item (}{ ). If set, the selected basemap will be

opened every time a new OpendTect is started.

Sl BmepData o | et

Snw npd Bassimap Maae

Fil=y

| Rssmrreapy Msrmsa A TWT S 1M &gl 12 716

—
]
.

]

[ @ || ©Ounca |[ groe |

-77 -



The settings sub-menu is used to change the outline style (line pattern, thickness, and
color) of the current basemap. The default background color is white, which can also be

changed, if needed be.

Survey Outline Style  Detted v Color | [ | Width 1 =

Background Color | || wmits -|

[ Qo ][ Oca |

Processing

Filtering: A selected horizon grid can be filtered within the basemap. Median filtered is
preferred if you intend to de-spike a horizon grid. Average filter is considered as a gen-
eral smoothing filter. If you intend to display the resultant grid then check the Display

after create option.

g e BCIS
invalid Horizon [ Damo 1= MFS4 -
Filtar typa @ Median | Awerags
Filter stepout inl2 0 cd2 =i
Save Horizon (@ As new Ohervirite
Output Hosizon Dama 1= MFS4 MF2x2 ~ | © select || G -

| Display after create

[ Orn || Ocose || @t
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Gridding: OpendTect supports several gridding algorithms (For details refer to 3.7.3.1
Grid in OpendTect User Documentation). The supported parameters are summarized

below:

* Scope: This is used to control the exterior geometry of the output horizon. Con-
vex hull is mostly used, which automatically creates polygon (hull) using the exter-
ior data points of a given horizon and creates are horizon within this polygon.

* Inl/Crl Steps: This option defines the output grid spacing. Often the seismic sur-
veys are defined with an average spacing of 12.5m or 25m as a step. For larger
surveys, we recommend under-sampling the output grid to 2 by 2 or even 5 by 5.

* Keep holes larger than (m): This option is used to keep larger holes in the sur-
vey. The gridding algorithm will not interpolate the areas larger than the set size.

* Algorithm: Several gridding algorithms are supported (For details referto 3.7.3.1
Grid in OpendTect User Documentation). Some of them use the fault e.g. dip
steered gridding algorithm (requires 3D seismic).

* Search radius (m): It is mostly a best practice to include a part of data points
within the search radius. For instance, if 2D lines are evenly spaced at 2000m
and most of the lines have been interpreted, then the search radius should

approximately be 2000m or larger.
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http://doc.opendtect.org/6.6.0/doc/od_userdoc/Default.htm#opendtect_trees_and_elements/horizon/tools/grid.htm
http://doc.opendtect.org/6.6.0/doc/od_userdoc/Default.htm#opendtect_trees_and_elements/horizon/tools/grid.htm
http://doc.opendtect.org/6.6.0/doc/od_userdoc/Default.htm#opendtect_trees_and_elements/horizon/tools/grid.htm
http://doc.opendtect.org/6.6.0/doc/od_userdoc/Default.htm#opendtect_trees_and_elements/horizon/tools/grid.htm

Horizen g Demo 1 = MFS4 * | B Select ..

Seops | Cormex: bull -

InliCd Step 1 1

| Kzep hales larger than {m})

Algarithm :rme distance *]

Faull - © Seect .. || Clea

Search radius (m) Faramaiers . |

Save Hanzran (@) As new herverits

Cuipul Hanzon - [ O Select .| | duB -;

| Cizplay sfter create

Eﬁun I ) Close H_ﬂHalp |

Synchronization

Data displays can be handled from the basemap. This is done if the synchronization is
turned off/on for specific items. At present, the synchronization is set globally between

the basemap, 2D Viewers and 3D Scene.

If it is turned ON, then the data will be displayed in 3D as well as in 2D Viewers - if

launched.

Contrarily, if the sync is turned OFF, you can display on an element from the basemap

toa 3D scene /a 2D Viewer. This is done via the right-click menu.
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For larger 2D surveys, it is recommended to turn off the synchronization

between the 3D Scene and the basemap. This will avoid memory con-

L

sumption issues and instabilities in large data displays.

Help

Itis a standard help button pointing to this documentation.

Trees and Elements
Inline, Crossline and Z-slices

These elements are added in the tree through a right-click menu. The position of the
element (Inline and Crossline) is selected by clicking on the basemap. If the syn-
chronization (via the Main Menu) between the 3D scene and basemap is turned ON,
the inserted inline will be visible in the 3D scene. Dragging of the elements will not only
change the position of the lines but also interactively update the 3D scene if the data is

preloaded.

= Hasemap - Soenel
Basemap Prooessng  Smcuiezanm kel

Y o

Hagsrap: [1ss =]

i A
Elrmenie lalnr !
H Satarm M

d || i n-haey
H o | ~Chih ss Bascvap-
o sl
- = | =Ghakan Basemap
sl el
ol = i Cobe Cutire
b= «| ~ FRaredam Liné
— ¥ wr

This is an example screenshot of adding an Inline element in the basemap. Note the

label along with the tool tip for guide. The same implies for the Crossline.
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If a Z-slice is added, it will show the following dialog to sub-select the area of the z-slice.

By default, the values will be the survey range.

% Select Hasernap parameters = || @ | B2
Ingrul Diatas |4 Dip steered medsan filter || B select .. |
rHine Hange 100 = - 1" =
Cross-ing Range 300 = 130 2
7 (m) w220 |2
| @ok || © Cancet

It adds z-slice in the basemap with a given range.

Z-slice also has a right-click menu (tree > z-slice > right-click) containing several
options. The properties option will show the positioning dialog to reposition the slice.

One can also show the z-slice in a 2D Viewer or in a 3D scene via the right-click menu.

If you intend to add a z-slice in the basemap, we will recommend preloading
the data as the seismic data visualization along these slices could be

L

slower.

Alternatively, you can also add inline at a mouse position. This is done via the right-click

menu:

A
M

Ak Ie-hmp
A Crast brey
A |e-Ead and Crosding
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Cube Outline

This element displays an outline polygon for a given cube.

Random Line

New Lines

In the basemap, random lines can be created as a group or individual sub-elements.
Once an individual random line is added in the tree, a user has to click on the basemap
to draw its geometry. Once finished, double click to confirm the geometry. The geo-
metry can be manipulated by dragging the line nodes on the basemap. If the data is pre-

loaded, the random line will be interactively displayed in the 3D scene.

Furthermore, one can drag/rotate the line in the 3D scene. Its geometry will be updated

in the basemap and vice versa.

Random lines can also be launched in a 2D Viewer to perform interpretation (within the

basemap, right-click on the line and choose 2D Viewer).

Like other elements, random line also has its own right-click menu giving a flexibility to

manage the element.

7] ¥ Cubs Outling
d | '~ Random Line

Add
[¥] <Random Ling
o 20 Line Naw
7 & 30 Honizon Create Croup
| W Contour Properties
| -4 70 Honzon Shigw
o £
o \ FauHShckSet Hida
o | & Wl
5 Ve Rexrmizee All
M| ot PickSet
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Random line right-click menu

e cole | | eRau A =
T - TN

Random line properties
Add Existing Lines

Pre-existing random lines are added using the Random Line > Add right-click menu.
When multiple lines are selected a common property (such as line color and line width)

is set to all selected lines.

- File *

7 iwalscoredon -
Fl4

[7 a0k

I Cyclalan

W ExGEznz

W Aoz

I Lxzmpl: rardzm cosloor dzmz 1 = Wl S
R a2 e) cam

R razia cam i

W raadruzs

[ Hezlngpraze

[ Inpefa Lnz2 FUZUE ozaon

7 rditivd= 55emnm

Fl 1 | B

[ B4 [

Linmcolor | I Wiath 1 [

L@ ][ O cmen |

Add selected random lines in the basemap.
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l = Lo =
Chsek all (Cirl-&) _
Ll Uncheck all {2 & b
Il sodliac o I-ﬁ.
= R webection lﬁ
=

| Fi2F03_Cor
o FIE-FO3 Coer N
| FillaFiza
T Heslingphasa
npalE_Lingd FIG-07 kscatan
Euhrde-Sirmen -
4 1 ¥

Ling cohor Widh 1 —

This image shows how to Save selection for future use. Using the same method, one

can retrieve the selection by selecting the Read selection option.

Grouping

Random lines can be grouped (Basemap Tree > Random Line > Create Group). In
each group, a new random line can be created or an existing random line can be inser-
ted. Sub-groups can also be created using the right-click menu.

To rename a group, double click on the newly added group name.

4 |~ Random Ling

W ~ [EWLlines |
[# & 20 Line
[ 4 30 Hosizon

For the time being, basemap does not support saving of the groups. If you

have grouped the random lines in the basemap, we recommend saving the
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basemap so that you can retrieve the current layout and settings else the

set grouping will be lost.

2D Line

2D lines can be added on individual basis or as a group. The latter is preferred if you

are dealing with multiple seismic vintages.

If you intend to add many 2D lines in the basemap, we recommend turning
the synchronization off between the basemap and 3D Scene. This will
speed-up the displays and will give you a freedom to choose what to display

in a 3D Scene.

Add Selected Lines

Selected 2D lines can be added in the basemap via the right-click menu (Basemap
Tree > 2D Lines > Add). For future use, you may save the selection using the menu
available at the top level (a drop-down arrow). This is identical to saving a selection list

for the random lines (as mentioned above).

Common line properties (line color and line width) are set to a given selection.
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&
2
g
=

Multiple selection of a list of 2D lines.

fel e =

i

:

Z

] »
> 84 ([

Save selection for future usage.

Grouping
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2D lines can be grouped per vintage or as you like. A group contains a list of selection

that can be extended at later stages.

If grouping is done in the basemap, we recommend saving the basemap for future use.

Basemap Tres &
Elemants Color =
¥| ~ Random Line
4 || 7 2D Line
4 [V 7 71 Lines -
V] TIW-17 -
¥ T1w-18 (]
7| TIW-21 -
¥ Tiw-22 [
W TIw-23 -
W] TIW-24 -
4 |7 7 72 Lines
V| T2W-01 [
¥ 72wW-03 -
4 [ 77 80 Lines
¥ 80w-03 (| L
7| 80W-04AB . 1

An example structure of grouping a set of 2D lines.

A 2D line group has its own right-click menu to manipulate the displays. Most of the
options are self-explanatory. Highlight is the only option that could be used for QC pur-

poses, which highlights the 2D lines on the basemap that have dataset.
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4 [F] 7 20 Line
— — Create Group
W B0 Lime
Renaime
o 54 <
opaitias
7] = 88 Line e
W 84 Limg Show
v [T Groupi Hide
¥ 7U84-03A Remave All
¥ ZUB4-B4  ww Remove from Tree
» | FRT5-36
¥ FR85.13 Highlight

2D Line grouping and a right-click menu.
Properties

Line properties can be changed at a group level or at an individual level. Only line color

and line width are currently supported.

Sl Bamap paranieers ;IEE

necohsr [ | ‘s 4 =

CQo ] [ Qo]

Displaying a 2D Line

A 2D line can be displayed in a 2D viewer or in a 3D Scene. Traditionally, the 2D lines
are displayed in a flat viewer such as 2D Viewer in OpendTect. This is done via the
right-click menu on the basemap and choosing Show in 2D (as shown below). In such a

viewer, one can perform seismic interpretation and continue working with the basemap.
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3D Horizon

A color coded horizon grid is displayed in the basemap via this tree item. Attributes com-
puted on a horizon can be displayed as horizon data. To add one or more horizons, use
the right-click menu from the basemap tree (3D horizon > Add). The color table of the

horizon grid can be changed from the color bar shown in the top toolbar (by default).
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' Add 3D Horizon

Horizon

"

Fiter *

=Demo 0 —>F54 <
Demo 1 —= MFS4

Demo 2 —> FS6

Demo 3 —> Top Foresets
Demo 4 —> Truncation
Demo 5 —= FS7

Demo 6 —> FS8

Demo 7 —=> shallow

11

Display () Z values @ Horizon Data

Horizon Data

Similarity [-28,28]

Spectral_decomp 64Hz
Spectral_decomp 44Hz
Spectral_decomp 24Hz

| @0k ||© cancel|

If you intend to add large number of horizons in the basemap, it is recommended to turn

of the Synchronization with 3D (via the Main Menu > Synchronization).

7] 15 20 Line
¥ | % 10 Horizon

+|lDemo 3 " "
| W Conlour Shew n 30
| —4 20 Hong Show in 2D
o Fauti=tn Filtarimg
7 A Wl Gridding
W PiekSel Remoe
o ]:} Podygon
7| [ image
| HF Annctalion

Show in 3D/2D: Shows the selected horizon in a 3D

scene or a 2D Viewer.

Filtering / Gridding: Each horizon can be indi-
vidually filtered or gridded by following the right-click

menu or from the main menu of the basemap (see

under Processing).

Remove: Only removes the horizon display from the

basemap.
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Note that the order/overlay of the horizon display in the basemap is according to their

Z-values (m or ft).
Contour

Contoured display of a horizon grid can be added using this tree item. The following win-
dow shows the contour range, contour step, and line properties for a selected window.

By default, contours are plotted on top of the 3D horizon.

'Ei." Select Basemap parameters | = | (=] | >
Filtar *
Demo 1 == MFS54 &
Demo 2 —= FSE E
E.l Demo 3 —> lop Foresets
— | Demo 4 —= Truncation :l
Demao 4 —» Truncation trim & fill
Demo & -> FST
Demo & —= F38
| Demao 7 —> shallow -
Contour range (ms) 400 1200 Step 50

Line color | I | Width 1 ]
QG’:{ | ) Cancel

After the display, you can change the contour range/step by right-clicking on the con-

tour item in the tree and choosing the properties option.

2D Horizon
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Since version 6.2 2D horizons are displayed as color-coded lines. Grouping feature is

also supported for 2D Horizons.

Fault Stick Set

Fault sticks are projected on the basemap and hence may show the spatial location

and extent of the fault.

Eﬂ&elect Basemap parameters| —1 ” (=] |u
Line color |- | Width 1 =

£ Intersection {ms) |0 . Dhsplay Projection

| QDI{ l ) Cancel ]

Fault stick properties

FaultSet

The FaultSet is supported in version 6.6.0 and can be displayed in the basemap.

The following shortcut can be used for drawing a polygon in basemap: CTRL+Z
CTRL+Y.

Properties can be set for both pointset and polygon.
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Well

To add one or more wells in the basemap use the right-click in the basemap tree. Just
like other elements (e.g. Random lines / 2D lines), wells can be grouped by creating a
group and adding a set of wells in it. If you intend to create such a thing, we recommend

saving the basemap.

Well properties allow you to control the well symbol, size, and projection.

a [ R Exp—— % St R parasters (= e =50
- fudd
?l FO2- Tl parabels &l Ticw 1 T | Dmzwy Mapchon
¥| Fo3-2 Creale Group m
o Fo34 Ranama sl
| FO&-1 : i Qo[ O e
7] 5 PickSal e ] :
Zhow aryhols =
o D Ilnll"g'm . plezoecndvnl
o m Imags Fida ﬂ siupgpesh s |
v 4E Aot at Feamove &)1 Pl vl
o e hoe 0
== e Fom Tees ) cancsrdacrs

Well properties — Display projection to see the well trajectory.

Pickset

This element is reserved for displaying a point (or pickset) data in the basemap.

Polygon

This element is reserved for displaying existing polygons or creating new polygons in

the basemap.
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Name for new Polygon

@ Create New Polygon = [g]

Color ‘E l m Peru

Depth for Picks [Seconds

| @OK || @ cancel| | @Hep |

Shapefile

Allows adding shapefiles to the basemap.

) Add Shapefile —

[] = Filter | *

[] slump-2ab
[] Slump-2b
[] Slump-2c
[] Slump-3
[] Slump-4

[ ] Slump-5
[] slumps-1

Line color | [ Width |1 =

Qm{
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Image

An image (PNG, JPEG, XPM, or BMP) can be added in the basemap. Its coordinates
have to be properly added to position it at correct level. An image can have borders,
which may not position the image correctly. You can use geo-reference (e.g. QGIS)

tools to measure the actual coordinates of the image.

NorthWest (TopLeft) Coordinate 605381 0548195 6090463 1688065

SouthEast (BottomRight) Coordinate 623576.25771336 6073556.36221996

[ @K ][ © cancel |

Annotation

To add grid lines on the basemap, this element is used. Grid lines and their annotation

can be based on inline / crossline steps or XY spacing.
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https://www.qgistutorials.com/en/docs/3/georeferencing_basics.html

Grid system () Inl'Crl @) XY

W Show X lines:
Spacing (Start/Stop) &10000 625000 Step 5000 Crop to Survey Box
' Show Y lines:
Spacing (Start/Stop) 6075000 6090000  Step 5000 "] Crop to Survey Box
Line style |Solid -| Color [ NENEEN | Wicth 1 [

Qo ][ ©cance |

Toolbars
Main (Top) Toolbar

This toolbar appears (by default) under the main menu of the basemap. It contains the

following icon:

“ Shows the selected item in a 3D scene.

“= Removes selected items from the basemap (and/or 3D scene if sync is ON).

General Toolbar

Open a stored basemap setup.
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|

B Save the basemap.

m Save the basemap with a new name.

ﬁ Take a high resolutions snapshot of the basemap.

rm L
'¥=J Prints the basemap on a larger scale (e.g. PDF of A0 size).

e

n Show or hide the North Arrow in the basemap.

“*= Show or hide the scale bar in the basemap. Scale bar also has settings next to it

(small arrow) to change the width of the bar.

n Show or hide the color bar in the basemap.

=
lﬂ'_l Show/hide the legends in the basemap. Note that this item is editable (click on the

text to change it). It can also be freely moved and placed at a desired location on the

basemap.
'E? Selects data within the polygon e.g. horizon.
ﬂ Removes/deletes the selected data.

Color Tables

Color tables are linked to 3D horizon grids displayed in the basemap. You can flip the

color bar values, clip the range, or manually fill in the numbers.

I:I ﬁ??a}:in A OTENT T I e sl T -
Flipped

Hanges/Clpping -_. I
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Title and Printing

Basemap title appears within the basemap. This field is editable (single click on the text
and start editing). We support two ways of printing the basemap. The first one is via the
Screenshot method, where you can take a high resolution image of the current map.
The second one is via the print icon, which allows you to change the orientation (e.g.

landscape), and output printer (e.g. PDF if installed).
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1.3 PDF3D

The PDF3D functionality has been expanded to include the option to export the 3D

scene to a 3D viewing format called gITF.

Scroll down to view the possibilities for this option.
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PDF3D

The plugin allows you to grab a 3D scene in OpendTect and store this in pdf format.
The file can be opened in the free Acrobat Reader, or embedded into a Powerpoint
presentation. In Acrobat Reader (v8 and higher) you can view, rotate, zoom, toggle ele-

ments on and off, and otherwise manipulate 3D graphics.
Currently supported objects include:

* In-line/cross-line/z-slice
e 3D, 2D horizons

e 2Dline

* Well data

* Fault

* FaultStickSet

* Body

* Random lines

* Top/Bottom Image

¢ HorizonCube and SSIS models*

* PointSet/Polygon. Multiple pointset shapes such as cylinder, cone and cube. If a
shape is other than these just listed, it will be converted to sphere. These shapes’

size is dependent on the size of the pointset displayed in 3D Scene.
* ColorBar
* 2D Seismic Line is now shown.

*requires HorizonCube and SSIS commercial plugins
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-
To create the file click on PDF3D icon ‘& . This will open a pdf file containing all the

elements displayed in the active scene and will automatically save it to the Misc folder

of the project.

s

4
=ave 30 scene as POF ..
mave 30 scene as gITF .

Save scene as option will first bring a window where you can choose the desired path

for the pdf file and the name, select horizon resolution and set a password if necessary.

@) Save scene as 3D PDF — O X
Select horizon resolution Half v

[ ] Password

Output File name _Mar_2021-10.55.38.pdf ) Select ...

&OK | €3cCancel (=)

The 3D toolbar contains several icons to manipulate the scene. You will find more

information on the Adobe website.

Please note: It may be necessary to give Adobe permission to display the 3D content,
as in the following image. Use the Options drop-down to trust the document either once

or always:
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https://helpx.adobe.com/acrobat/using/displaying-3d-models-pdfs.html#3d_toolbar_overview

@ Multimedia and 3D content has been disabled. Enable this feature if you trust this document.
S

(=

Toggle on the Model Tree icon == to display show a list where you can see

the names of the scene elements and toggle them on and off. Decreasing of
. the Framerate Threshold to 4FPS will help to avoid blinking of the elements

while rotating or repositioning. To do so, right-click on the scene > 3D Prefer-

ences > 3D and Multimedia Category.

For optimal viewing in Adobe Reader (v8 and higher) we recommend the following:
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* Run Adobe Reader (not embedded within a browser such as Internet Explorer)

* Click on the menu Edit->Preferences... to pop up Preferences dialog

* Select under Categories: (box on left) 3D and Multimedia

e Turn on Enable double-sided rendering in Renderer Options box

* If the scene is not too large then you might wish to change the Optimization
Scheme for Low Framerate from "Bounding Box" to "None" in the Auto-Degrade
Options box. Alternatively you might wish to continue using Bounding Box but
reduce the Framerate Threshold from 15FPS to 1FPS.

Furthermore, we recommend viewing directly in Adobe Reader and not as a plugin to a

browser. Toggling elements on and off is easiest if you use the tree.

It is now possible to toggle between horizon intersection lines with Seismic slices and

full display of horizon (called Surface in tree item):
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Model Tree X

(&

@
o model

E s g OpendTect Scene -- dGB
v Horizan: Demo 0--= F54

= -M highiight color ~

[ Intersectionline

[ Surface
[ Fault s
[ PointZet 1000 between FX
[ Well: FOZ-1

o Wl FO3-4

>

>

>

3 [gg Well: FO3-2
>

3 [gg WWell: FOE-1
>

[ Survey box
[ In-Line: 425
[y Cross-Line: 775
[ Z-Slice: 924

In case the model tree is not visible, it can be toggled on from the E button in the

sidebar.

Note: Currently supported items in PDF3D should not include the ColorBar as it can

not be toggled off from within the Adobe reader.

System requirement (Mac OS X)

Mac OS X 10.10 and higher needs to have the XQuartz application installed for PDF3D

to load. XQuartz can be downloaded for free from their web page. XQuartz is a 3rd
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party application, and dGB Earth Sciences should not be held responsible for the per-

formance of XQuartz.
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gITF

The files produced in this format can be viewed on the native Windows 3D viewer, avail-

able in Windows 8 & 10. These files can also be viewed online.

This option can be accessed via the PDF3D Tool Button (or from Scene -> Save
3D Scene ->gITF...):

Save 30 scene as PDF ...
Save 30 scene as glTF ..
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Scene  Wiew Utilities Help

Mew

Mew Map View

Mew [Depth] 4

Mews [Horizan Flattened] 4

Mew [Wheelar] 4

Cascade

Tile 3

Properties ...
“% Sawe 3D scens ’ FOF ..
v Seens glTF ...

On selecting to save as gITF, the following dialogue box appears, allowing the user to

specify the resolution and to set the output file location.

% Save scene as gITF — O X

Select horizon resolution Half v

Output File name _Mar_2021-10.57.09.glb| ) Select ...

0K | €cCancel ()

The default location is in the Survey\Misc folder.
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1.4 Thalweg Tracker

provens

S

Channel
lobe ¥’

-

.3; n’

Introduction

This plugin tracks seismic facies such as channels and reefs. It outputs either horizons

with a set of tracking attributes, or 3D objects, or Pick sets.

A Thalweg is a geologic term to describe the path of a river as it flows through a valley
(Thalweg is a German word; Thal means valley and Weg is path). A Thalweg tracker

operates in a similar way: the tracker follows the path of least resistance.

The Thalweg tracker is a special form of a voxel connectivity filter. Based on certain
user-specified constraints, It tracks neighboring samples in an input seismic cube. Ini-
tially the user picks a single seed position. The seed is considered to be a cube of unit
size and the next sample to be tracked is chosen from all available samples along the
‘faces’ of the seeds. In the first iteration, all six neighboring samples along the six faces
of the initial seed act as candidates for tracking. Only the best matching position (i.e.
the highest, or lowest amplitude) is added. In the next iteration, all samples neighboring
the two currently accepted positions now act as candidates and again only the best
matching position is added. This process continues until it is no longer possible to add

candidates that meet the tracking constraints.
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A Thalweg tracker adds only one position per iteration. If you choose to accept more
than one position per iteration, the Thalweg tracker becomes a margin tracker. Thal-

weg and margin trackers are typically run sequentially.

The output of a Thalweg tracker is a Point Set that can be saved as "snapped" horizon
(parameter window), or it can be saved as a 3D body. or Pick set (3D scene, right-click
on the object). When it is saved as a horizon all tracking attributes will be saved as Hori-
zon data with the horizon. The tracking attributes can be used for further analysis in the

Crossplot tool.

Menu
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‘(}% Thalweg Tracker - O X

2E%E
Input cube *&, | DSMF_depth ~ | ©) Select ...
Area subselection ‘425/300-425/1 250 (463 samples) ‘ ©) Select ...
Start Position (Inl/Crl) | || CZ(f) & Value:

Event to track ® Minima O Maxima

Min Threshold | Max Threshold | ' [ Use Layer Constraints

Amplitude Scaler ‘1 | Amplitude Sum Scaler ‘1
Schedule Max Nr Cells Cells per iteration Cut-off criteria Cut-off value 1_
111000 =1 * INot Applicable - 0.000 2 -

Track View log ...

Show Points |[Display Settings ...

Output horizon ‘ v ‘ © Select ...

Snap to event; Search gate (ft) -9 ‘ ‘9

Create horizon

Output cube | | ©) Select.. @ICBVS v

Create cube

@ | @ ®

Input cube: This is the input seismic (or attribute, impedance, ...) cube.

Area subselection: The tracking area (or volume) can be constrained using one of the

many available criteria, viz. Range, Polygon, Horizon etc.

Start Position (Seed): This can be picked interactively with the green arrow. The

picked amplitude is displayed immediately after picking.

Event to track: Samples can be tracked either on maximum, or minimum amplitude.
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Thresholds and Layer Constraints: The automatic values for min and max
thresholds are estimated from the picked position. These values can be overruled
manually. When the Layer Constraints toggle is on the software will not allow a body to
grow on traces where the body already exists. This (default option) prevents tracking

multiple forks of an event.

Amplitude Scalar: This optional scalar is applied to the Amplitude attribute output and

can be used to improve visualization.

Amplitude Sum Scalar and Amplitude Sum Step: The optional scalar is applied to
the Amplitude Sum attribute output and can be used to improve visualization. The
Amplitude Sum Step is the re-sampling rate that is used to compute the Amplitude Sum

attribute (see Display options).

Schedule: This is the control center of the tracking process. The idea is that objects
are tracked in one, or more sequential processing steps. Steps can be added with the
green plus and red minus icons, respectively. Each step has its own parameters. Typ-
ically, the first step is run in Thalweg tracking mode, which means that only one cell per
iteration is added. Only the best matching cell (the lowest, or highest amplitude of all
neighbors) is added. In following steps the constraints can be lowered. More cells are

added per iteration. This is the margin tracking mode.

A typical work flow is the following:

* First the Thalweg tracking mode is used to track a channel.

» Start by tracking a large number of positions. Let's say Max. Number of Cells is
set to 20,000.

* Examine the result and observe (from the iterations attribute) where the body left
the first Thalweg and spilled over into the next Thalweg.

* Re-track the object from the same seed position but now use a smaller number of
points that will track the object until it reaches the spill-point. You have now found

the first channel patch.
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* To track the channel margins add another layer of let's say another 20,000 points
but now accept more cells per iteration and accept more points than the best
matching only.

* Save the tracked patch as a horizon.

* Repeat the process from another seed position and merge the patches (merge

icon at the top of the window).

Max. Nr cells: This is the maximum number of cells that the body can grow with when

Track is pressed.

Cells per iterations: This is the maximum number of cells that will be added per iter-
ation, i.e. each time the neighbors are evaluated and the body grows. If set to one the
tracker runs in Thalweg tracking mode. A value larger than one means margin tracking

mode.

Cut-off criteria and Cut-off value: These constraints control which cells are accept-
able when tracking in margin mode. A percentage cut-off of 5 means that the highest,
or lowest 5% of all possible neighboring values are eligible. Out of this group the best
matching cell is added first, followed by the next best and so on. This continues until
either the number of cells per iteration is reached, or there are no more cells in the pool
of eligible cells to add. The standard score criterion operates in the same way. The eli-
gible neighboring values are the amplitudes above, or below the mean value of the
body plus, or minus the number of standard deviations given in the standard score cut-
off.

Track and View Log ...: Press track to actually run the tracker. Only the last step is pro-
cessed. The output is shown in the 3D scene as a point cloud (left image below). Note
that the point cloud is not saved! This is an interactive process. Play with the para-

meters until you are satisfied. Only then save the results: either as a horizon (right
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image below), or as a point set, or 3D object (in the 3D scene). Press View log to see

the processing log file that prints statistics after each iteration.

Display and Output options

.’ —_—
o et Point c
/.» -

loud./"30'hody

*'1"} Display Properties — 0O 4

Attribute to display |Iteration M

Z
Schedule 999 i1 Rainbow -

Cell Number
Thickness
Amplitude Sum
Amplitude
Average
StdDev

O Apply| © Close

Attribute to display: Two sets of attributes are computed by the Thalweg tracker: Pro-
cess attributes and Body attributes. The Process attributes tell us how the body and its
properties grew from the seed position. Attributes in this group are: Schedule, Iteration,

Cell Number, Average and StdDev. Schedule corresponds to the processing step in
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which the cell was added to the body. Iteration returns the iteration step that was
reached when the cell was added. Remember that in margin mode more than one cell
is added per iteration. The cell number is the sequential number assigned to the cell as
the body grows. Average and StdDev are the running average amplitude and the run-
ning standard deviation of the amplitudes. These statistical properties vary as the body

grows.

The Body attributes are: Z, Thickness, Amplitude Sum, and Amplitude. Z is the depth of
the cell in 2WT, or depth, as the case may be. Thickness is the vertical thickness of the
body. Amplitude sum is the vertical sum of the amplitudes computed from interpolated
amplitudes with the user-defined sampling rate given in the Amplitude Sum Step field.

Amplitude is the amplitude of the cell.

Output Horizon: The tracking results can be saved in the form of a Horizon. Typically,
the horizon will be snapped to a maximum, or minimum event that is found within the
user-defined search gate. All attributes will be saved as Horizon data with the new hori-
zon. If the horizon was snapped, the amplitude attribute will return the amplitude of the

shapped event.

Output 3D Objects, or Pick Sets: To save the results as OpendTect Pick set, or as
3D obiject, right-click on the point cloud in the 3D scene and use the corresponding

menu option.
References:

Pelissier, M., Changhua Yu, Singh, R., Qayyum, F., de Groot, P. and Romanova, V.
2016. Thalweg Tracker: A Voxel-Based Auto-Tracker to Map Channels and Associated
Margins. EAGE 78th EAGE Conference & Exhibition, Vienna, 30 May - 2 June 2016.

See also the pdf, and/or video recording of the oral presentation.
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1.5 Advanced Ray Tracer

The full article can be found in the user documentation under 5 Analysis > 5.5 Layer
Modeling > 5.5.1 Basic > 5.5.1.2 Synthetic- and Property-Log Generation > 5.5.1.2.3
Ray Tracing.
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1.6 Horizon from Well Markers

The tool is utilized for creating 3D horizons from well markers using Radial Basis Func-

tion gridding.

If need be, 2D horizons can be later derived from the 3D ones using Create

from 3D option.

Select markers from one or more wells

Markers - Filter |*

W F51 |
Fs1

Fs2
Fs53
FS4
F&&
F&7

Wells - Filter |*

FO2-1
Fo3-2
FO3-4
FOB-1

C

X

Area subselection |- | © Select l

Trend Polynomial |Gfder1 :

Display after create @ run [ Q) Close I
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Selecting more than one markers will result in creating several horizons at a time. The
output horizon will be saved to the database under the name Horizon From *selected

marker®.

Trend Polynomial: Trend processing must be applied during gridding using Radial
Basis Functions. The order of the trend removal may influence more or less the res-

ulting 3D horizon:

None: Disables trend removal processing.

Order0: RBF gridding with average removal

Order1: RBF gridding with linear trend removal (default)

Order2: RBF gridding with parabolic trend removal

The resulting output horizon depends largely on the lateral distribution of the control
points (the wells). Try and choose the best parameter for the Trend Polynomial based
on the most realistic result, as it is not possible to state which order will return the most

reliable horizon.
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1.7 Well Table

@ Well Table - O X
';lr (f [A s E \% () Selected zone |<Start of data> v| |<End of data> " Domain |MD -
Well name Uwr X (m) Y (m) TD (m) KB (m) GL (m) Density Sonic Gamma Ray
F02-1 F02-1 606554.00 6080126.00 1695.00 30.00
F03-2 F03-2 619101.00 6089491.00 2140.00 30.00
F03-4 F03-4 623255.98 6082586.87 2048.00 34.10
F06-1 F06-1 607903.00 6077213.00 1701.00 28.64

New tool for well data management, introduced in the 6.6 release of OpendTect. Color-

coded cells and rows show which data in which interval is present.

Log plots and crossplots that use bokeh plotting are available via the corresponding

icons.
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1.8 Create Body

v M [ Polygon
t2
¥ Shapefil
=y Prestacl
Annotations

Display ’
Calculate Volume ...

Close Polygon

Save

EX

Save as

Set as Work Area ...
Change Z values ...
Create Body ... %
Lock Treeitem

Export to Google KML ...
Remove from Tree

|1 O

A body can be extracted from a drawn polygon. A polygon can outline a geobody e.g.

channel, valley, other geomorphological feature, or any arbitrary shape.

The generated volume (body) is limited by the polygon surface area and the horizons

chosen for top and bottom.

Different attributes can be displayed on the body on-the-fly, which in turn can be inter-

preted further.
The workflow is as follows:

1. Create a new polygon that defines a geological shape.
2. Right-click on the new polygon name and select Create body
3. Inthe pop-up window select the top and bottom horizons to define a vertical limit.

Press OK to continue
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The setup will create and display the output body. An example of a body of sand-waves

from offshore seismic data is shown below.

* Create body || (=) | |

Select polygon and horizons

Top horizon Channel-Top ~ | Select...

Bottom horizon Channel-Bottom - 6 Select ...

[ ©ox || cancel | @ Hetp |
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2 Faults and Fractures

2.1 Attributes

% Faults and Fractures 3D Control Center - d X

Available Attributes

Fault Likelihood (FL)

Thinned Fault Likelihood (TFL)

Create TFL from FL

Basement Fracture Likelihood

Thinned Basement Fracture Likelihood

FE I Attributes

Convolve (Edge Enhancement)

Curvature

Dip/Azimuth Attributes

Fault Dip/Azimuth

Fault Painter

Finger Vein Attribute

% Planes Fracture Density/Proximity
Gradient/Azimuth of Curvature

Semblance

Similarity

Filters

Tools

Go ...

Qe | @ O
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2.1.1 Fault Likelihood (FL)

‘(T%‘ Faults and Fractures 3D Control Center - | X

Available Attributes

— . Fault Likelihood (FL)
“:E.,l Aiflizs Thinned Fault Likelihood (TFL)

—e=l Create TFL from FL
Basement Fracture Likelihood
Thinned Basement Fracture Likelihood

Convolve (Edge Enhancement)
Curvature
Dip/Azimuth Attributes
Fault Dip/Azimuth
Fault Painter
Finger Vein Attribute
% Planes Fracture Density/Proximity
‘ Gradient/Azimuth of Curvature
Semblance
Similarity

Filters

Tools

Go ...

(00 @ &

Fault Likelihood is the unthinned version of our Thinned Fault Likelihood volume, which

is used as an input to the Fault Extractor and Thinned Fault Likelihood.

Workflow

To process the Fault Likelihood volume, click on this icon ™ w and select Fault Like-

lihood under Attributes.
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Parameters

% Create Fault Likelihood — O X
Input Cube 5& ‘4 Dip steered median filter v ‘ © Select ...
Volume subselection ‘100/300-750/1250 (463 samples) ‘ e Select ...

@ Advanced Settings

Output Cube v € Select ...

Batch execution Single Process ¥ |4, Options ...

Q Run Q Close 0

Input Volume: Normally the standard poststack seismic volume is a good default input
for computing TFL. In case the seismic is extremely noisy, we suggest to first filter the
raw seismic using our structurally oriented median filter, and then use the filtered seis-
mic as input for TFL. Furthermore, if you have a color inverted seismic or spectraly
blued seismic volume, then using that as input is recommended over the standard seis-

mic volume.

Volume subselection: this is useful if you the user want to speed the process, a subse-

lection area can be set.

Advanced settings
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\%Advanced parameters for Fault Likelihood - O X

-

Filter size (sample) |in:2 % er:2 1 Z:32 ]

Maximum dip (us/m) |800 ‘

Fault strike scan range in degrees |0 $ 360 ¢ Nrsteps “
Strike scan smoother (16 3+

Fault dip scan range in degrees |25 : 65 ¢ Nrsteps
Dip scan smoother (20 3

Velocity ( m/s ) [2500 |

o | @

Filter Size (inl/crl/sample): Smaller step-outs used in FL dip computation, e.g. 1-1-16
or 2-2-32, capture small scale features. However, bigger FL dip computation step-outs
e.g. 4-4-100, significantly improve the characterization of the bigger fault lineaments by

improving their connectivity.

Fault likelihood scan setting: The algorithm will scan for the fault dips and strikes
within a given range of the dips to maximize the fault likelihood. The input parameters
here depend on how flat/steep the seismic data is. If you are dealing with a layer cake
data set, small angle range would be reasonable. Nr Steps is how many scans should
be done. Initially the full strike (0 - 360 degrees) and a large dip range (25 - 65 degrees)
should be tested. Afterwards, better (more realistic) results can be achieved by con-
straining the strike/dip range. As a rule of thumb, it is always recommended to use

wider dips and strikes to extract more information from the data.

Velocity (m/s) Velocity needs to be used in time surveys to convert angles. Use an

average value for your data set, it will not affect the results much.

Apply thinning: The user should select yes in order to output the Thinned Fault Like-
lihood.
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2.1.2 Thinned Fault Likelihood (TFL)

{% Faults and Fractures 3D Control Center - O X
Available Attributes

Fault Likelihood (FL)

Thinned Fault Likelihood (TFL)

Create TFL from FL

Basement Fracture Likelihood
Thinned Basement Fracture Likelihood

—

e I Attributes
o
o

Convolve (Edge Enhancement)
Curvature

Dip/Azimuth Attributes

Fault Dip/Azimuth

Fault Painter

Finger Vein Attribute

Fracture Density/Proximity
Gradient/Azimuth of Curvature
Semblance

Similarity

Filters

Tools

Go ...

€3 Close e =)

Thinned Fault likelihood or TFL is a revolutionary new attribute that produces accurate
and sharp faults. The thinned Fault likelihood attribute which is defined as a power of
semblance, has a range of value between 0 and 1.This attribute is developed aiming to
capture and delineate faults and fractures in area of interest, such that the algorithm
scans the range of fault dips to identify maximum likelihood. The Thinned fault like-
lihood attribute provides razor-sharp fault images on horizontal slices as well as on ver-

tical sections (Figure 1). Fault likelihood attribute is used as input to directly compute
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density of fractures in a given area and the proximity of fractures with each other (Fig-
ure 2). This new plugin also comes with a new, edge-preserving smoothing filter. This
smoothing algorithm uses Thinned Fault Likelihood attribute as input. It generates seis-
mic volumes with razor-sharp edges that are very well suited for structural inter-
pretation (Figure 3). For further quantitative work milder filters such as the dip-steered

median filter are needed.

Figure 1. Smoothed seismic with Thinned Fault Likelihood attribute overlay.

Distance from fracure cenber Densily fracbunos oees
e e ' ;
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Figure 2. Fracture Density (right) and Fracture Proximity (left) attributes computed

from Thinned Fault Likelihood attribute.




Figure 3. Result of the new smoothing filter (first grey image above) on seismic data

(second grey image above). North Sea example

Workflow

To access the fault likelihood plugin, click on this icon ™= .

% Faults and Fractures 3D Control Center - O X
Available Attributes

Fault Likelihood (FL)

Thinned Fault Likelihood (TFL)

Create TFL from FL

Basement Fracture Likelihood
Thinned Basement Fracture Likelihood

L]

rop o —
]
ey
L rey
=
W

Attributes

Convolve (Edge Enhancement)
Curvature
Dip/Azimuth Attributes
Fault Dip/Azimuth
Fault Painter
Finger Vein Attribute
% Planes Fracture Density/Proximity
‘ Gradient/Azimuth of Curvature
Semblance
Similarity

Filters

Tools

Go ...

€3 Close 0 (=)

Parameters
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%Create Thinned Fault Likelihood - O X

Input Cube *'E ‘4 Dip steered median filter v ‘ © Select ...

Volume subselection 100/300-750/1250 (463 samples) - © Select ...

@ Advanced Settings

Output Cube | - © Select ...

Batch execution Single Process ~ 4, Options ...

€3 Close 9

Input Fault Likelihood Cube: Select or Create a Fault Likelihood Volume.

Volume subselection: this is useful if you the user want to speed the process, a subse-

lection area can be set.

Advanced Settings

\%Advanced parameters for Thinned Fault Likelihood — O X

Filter size (sample) inl:2 % cri2 2 Z32 %

Maximum dip (us/m) ‘800

Fault strike scan range in degrees 0 2| 360 | Nrsteps “

Strike scan smoother _
Fault dip scan range in degrees 25 1 65 : Nrsteps

Dip scan smoother _

Velocity (m/s ) | 2500

(0| @

Final results can look like the image below.
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Fault likelihood results on IL 250, F3 dataset, North Sea.
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2.1.3 Create TFL from FL

f.‘f% Faults and Fractures 3D Control Center - O X
Available Attributes
— . Fault Likelihood (FL)
“:g o Thinned Fault Likelihood (TFL)
—y Create TFL from FL
Basement Fracture Likelihood
Thinned Basement Fracture Likelihood
Sies Convolve (Edge Enhancement)
Curvature
Dip/Azimuth Attributes
Fault Dip/Azimuth
Fault Painter
Finger Vein Attribute
% Planes Fracture Density/Proximity
‘ Gradient/Azimuth of Curvature
Semblance
Similarity
Tools
Go ...
Q0

This option allows for easy creation of a TFL volume from an existing FL volume.

%Cre;\te TFL from FL — m] X
Input Fault Likelihood Cube ‘ v ‘ e Select ... Create ...
Volume subselection ‘- ‘ © Select ...
Output Thinned Fault Likelihood ‘ v ‘ © Select ...
Batch execution Single Process ~ . Options ...
&Run € Close 0
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2.1.4 Basement Fracture Likelihood (BFL)

% Faults and Fractures 3D Control Center - O X
Available Attributes
= . Fault Likelihood (FL)
A‘g Rl Thinned Fault Likelihood (TFL)
s Create TFL from FL
Basement Fracture Likelihood
Thinned Basement Fracture Likelihood
e Convolve (Edge Enhancement)
Curvature
Dip/Azimuth Attributes
Fault Dip/Azimuth
Fault Painter
i Finger Vein Attribute
% Planes Fracture Density/Proximity
L Gradient/Azimuth of Curvature
' Semblance
Similarity
Tools
Go ...
@®

The Basement Fracture attribute attempts to track steeply dipping reflections (peak-
s/troughs) originating from typically soft fracture anomalies in an otherwise tight meta-

morphic/igneous basement rock.
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\%Create Basement Fracture Likelihood - O X

Input Cube s, 4 Dip steered median filter v 6 Select ...

Volume subselection ‘100/300-750/1 250 (463 samples) ‘ 6 Select ...

Image ® Troughs O Peaks

@Advanced Settings

Output Cube ‘ v ‘ © Select ...

Batch execution Single Process ¥ | 4, Options ...

Q Run 0 Close 0

Parameterization
Image

Specify either troughs or peaks to be imaged/tracked seismic. For example, if the seis-
mic data is with European polarity (increase in impedance = seismic trough), the low Al

fracture in high Al basement rock would produce a seismic peak.

Advanced settings

\%Advanced parameters for Basement Fracture Likelihood - O X
Noise suppression factor (%) 20 >
Filter size (sample) inl:1 2 lerl:d 2 |Z16 %)

Maximum dip (us/m) 800 |

Nesteps 25 %)

360 =

Fault strike scan range in degrees ‘0 >

Strike scan smoother

-
-

65t Nrsteps

Fault dip scan range in degrees ‘25

Dip scan smoother _

Velocity ( m/s ) ‘4500

o @
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Noise Suppression Factor
The higher the value is the less noise the attribute image will contain.
Dip Calculation Stepout

Usually, the default values of 1-1-16 works well for Dip Calculation Stepout for a typical
25 m x 25 m x 4 ms survey sampling. For smaller bin sizes it is recommended to

increase the stepouts.
Fault Strike Scan range

The 0 deg reference line is along the Cross-line of the survey (not true north coordin-

ate) from smaller In-line values to larger In-line values

Fault Dip Scan Range

The 0 deg reference line is along the In-line of the survey from smaller Cross-line val-

ues to larger Cross-line values.
Velocity
Needs to be used in time surveys to convert angles.

Two filtering algorithms are available: the Deriche filter is applied for standard filter
sizes (below 32), and the Van Vliet filter for bigger sizes (6 = 32 and higher). The
runtime, for both filters, is independent of 6: Running it with 6 = 1 takes as much time as
with 6 = 20. For example a processing done with filter size [2, 6, 40] will first apply a Van
Vliet filter of 6 = 40 in the vertical direction. Then a Deriche filter of 6 = 6 is applied to the
previous output in the crossline direction. Finally a Deriche filter of 6 = 2 is applied in the

inline direction to the output.
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2.1.5 Thinned Basement Fault Likelihood
(TBFL)

{Q% Faults and Fractures 3D Control Center - O X

Available Attributes

o

—

Fault Likelihood (FL)
Thinned Fault Likelihood (TFL)
Create TFL from FL
Basement Fracture Likelihood

Thinned Basement Fracture Likelihood

l Attributes

Convolve (Edge Enhancement)
Curvature

Dip/Azimuth Attributes

Fault Dip/Azimuth

Fault Painter

Finger Vein Attribute

Fracture Density/Proximity
Gradient/Azimuth of Curvature
Semblance

Similarity

Filters

Go ...

€3 Close e ()

Parameters
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\%Create Basement Fracture Likelihood — O X
Input Cube s, 4 Dip steered median filter v 6 Select ...
Volume subselection ‘100/300-750/1250 (463 samples) ‘ 6 Select ...
Image ® Troughs O Peaks
@Advanced Settings
Output Cube ‘ v ‘ © Select ...
Batch execution Single Process ¥ | 4, Options ...
Do @

Specify either troughs or peaks to be imaged/tracked seismic. For example, if the seis-
mic data is with European polarity (increase in impedance = seismic trough), the low Al

fracture in high Al basement rock would produce a seismic peak.

Advanced Settings

'%Advanced parameters for Basement Fracture Likelihood - ] X

Noise suppression factor (%)

Filter size (sample) [inl:1 ] erl iz oz

Maximum dip (us/m) ‘800 ‘

Fault strike scan range in degrees 0 : 360 : Nrsteps _
Strike scan smoother _

Fault dip scan range in degrees ‘25 = ‘ ‘65 = ‘ Nr steps _
Dip scan smoother 10 3|

Velocity ( m/s ) 4500 |

(0= | @

Noise Suppression Factor

The higher the value is the less noise the attribute image will contain.
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Dip Calculation Stepout

Usually, the default values of 1-1-16 works well for Dip Calculation Stepout for a typical
25 m x 25 m x 4 ms survey sampling. For smaller bin sizes it is recommended to

increase the stepouts.
Fault Strike Scan range

The 0 deg reference line is along the Cross-line of the survey (not true north coordin-

ate) from smaller In-line values to larger In-line values
Fault Dip Scan Range

The 0 deg reference line is along the In-line of the survey from smaller Cross-line val-

ues to larger Cross-line values.
Velocity
Velocity needs to be used in time surveys to convert angles.

Two filtering algorithms are available: the Deriche filter is applied for standard filter
sizes (below 32), and the Van Vliet filter for bigger sizes (6 = 32 and higher). The
runtime, for both filters, is independent of 6: Running it with 6 = 1 takes as much time as
with 6 = 20. For example a processing done with filter size [2, 6, 40] will first apply a Van
Vliet filter of 6 = 40 in the vertical direction. Then a Deriche filter of 6 = 6 is applied to the
previous output in the crossline direction. Finally a Deriche filter of 6 = 2 is applied in the

inline direction to the output.
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2.1.6 Convolve (Edge Enhancement)

‘;/T% Faults and Fractures 3D Control Center - | X

Available Attributes

J«E . Fault Likelihood (FL)
A:El Aiflnizs Thinned Fault Likelihood (TFL)
e Create TFL from FL
Basement Fracture Likelihood
Thinned Basement Fracture Likelihood

Convolve (Edge Enhancement)
Curvature
Dip/Azimuth Attributes
Fault Dip/Azimuth
Fault Painter
Finger Vein Attribute
% Planes Fracture Density/Proximity
‘ Gradient/Azimuth of Curvature
Semblance
Similarity

Filters

Tools

Go ...

€3 Close o =)

The full article can be found in the user documentation under 7171 Appendix A - Attributes

and Filters > 11.2 Convolve.
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2.1.7 Curvature

‘\% Faults and Fractures 3D Control Center - O X

Available Attributes

Fault Likelihood (FL)

Thinned Fault Likelihood (TFL)

Create TFL from FL

Basement Fracture Likelihood
Thinned Basement Fracture Likelihood

Attributes

Convolve (Edge Enhancement)

Curvature

Dip/Azimuth Attributes

Fault Dip/Azimuth

Fault Painter
Finger Vein Attribute

% Planes Fracture Density/Proximity
Gradient/Azimuth of Curvature

Semblance
Similarity

Filters

Tools

Go ...

€3 Close 9 )

The full article can be found here under 4 Dip-Steering > 4.5 Attributes with Steering >

4.5.1 Curvature Analysis > 4.5.1.1 Volumetric Curvature.
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2.1.8 Dip - Azimuth Attributes

‘;% Faults and Fractures 3D Control Center - O X
Available Attributes
;_E . Fault Likelihood (FL)
A‘E_: ATTIES Thinned Fault Likelihood (TFL)
= Create TFL from FL
Basement Fracture Likelihood
Thinned Basement Fracture Likelihood
s Convolve (Edge Enhancement)
Curvature
Dip/Azimuth Attributes
Fault Dip/Azimuth
Fault Painter
Finger Vein Attribute
% Planes Fracture Density/Proximity
' Gradient/Azimuth of Curvature
Semblance
Similarity
Tools
Go ...
Y5

The full article can be found hereunder 4 Dip-Steering > 4.5 Attributes with Steering >
4.5.2 Dip.
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2.1.9 Fault Dip - Azimuth

‘\% Faults and Fractures 3D Control Center - O X

Available Attributes

— . Fault Likelihood (FL)
“:-%l Aiflnizs Thinned Fault Likelihood (TFL)

=N Create TFL from FL
Basement Fracture Likelihood
Thinned Basement Fracture Likelihood

Convolve (Edge Enhancement)

Curvature

Dip/Azimuth Attributes

Fault Dip/Azimuth

Fault Painter

Finger Vein Attribute

% Planes Fracture Density/Proximity
Gradient/Azimuth of Curvature

Semblance

Similarity

Filters

Tools

Go ...

€3 Close o =)

For the fault dip attribute, the input has to be one of the discontinuity volumes, such as
Similarity, Thinned fault likelihood, etc. Binary score volume, which a user can output

by applying Finger vein algorithm, can be also used an input for the Fault Dip attribute.
Fault threshold: you can put a number between 0, 1.

Step out: if you use 1,1,1 the output will be similar to BG algorithm used when cal-
culating steeringcube. However, if you the user want to optimize the fault, a high Z

value is needed. Step out of 1,1,16 is ideal parameters.
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Output: Absolute Dip. The Inline Dip, Crl Dip, and the Azimuth can be output in the

same way.
@ Attribute Set 3D - m} X
File
Shd KA TTLY TS
Attribute set <not saved> ‘ <All> v FaultDip v ? “J
Input Discontinuity Volume 4 Dip steered median filter v e Select ...
Fault threshold 0
Above threshold ® Yes O No
Stepout inl:1 :Hcrl:1 2 ‘2:1
Output AbsoluteDip
t
¥
24
—
Attribute Name Add as new [“ L
[ Save on Close & Close 0

Absolute dip: Fault surface intersects with the horizontal angle

Inline dip: attribute returns the dip along the inline direction as extracted by the steer-

ing algorithm. It is the first stored component of the steering cube, in ys/m or mm/m.

Crossline dip: attribute returns the dip along the crossline direction as extracted by the
steering algorithm. It is the second stored component of the steering cube, in us/m or

mm/m.

The Azimuth attribute: returns the Azimuth of the dip direction in degrees ranging
from -180 to +180. Positive azimuth is defined from the inline in the direction of increas-

ing crossline numbers. Azimuth = 0 indicates that the dip is dipping in the direction of
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increasing cross-line numbers. Azimuth = 90 indicates that the dip is dipping in the dir-

ection of increasing in-line numbers.
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2.1.10 Fault Painter

% Faults and Fractures 3D Control Center - d X
Available Attributes

— . Fault Likelihood (FL)
“:EI Ao Thinned Fault Likelihood (TFL)

== Create TFL from FL
Basement Fracture Likelihood
Thinned Basement Fracture Likelihood

Convolve (Edge Enhancement)
Curvature

Dip/Azimuth Attributes

Fault Dip/Azimuth

Fault Painter

Finger Vein Attribute

% Planes Fracture Density/Proximity

/ Gradient/Azimuth of Curvature
Semblance

Similarity

Filters

Tools

Go ...

€3 Close e (=)

The fault shape painter is used to define the inside and outside values for an
OpendTect fault. The options for 'Inside Fill Type' are shown in the image below. The

same options are available for 'Outside Fill Type':
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] - E e b ow THEIESN
[-[5]x]

) OpendTect Pro V6.0.0rc6/winG4: F3_Demo_2015 - [Scene 1]
@ Survey  Analysis  Processing Scene View Utilities CLAS Help

GiawR/E DR
Cross—\ineSte- . 7':. I 1 Seismics -

Tree scene 1 =)
Elements Color $$€l

Scene 1
N In-line -
)

&
‘ . Cross-ine
N =A==
=
LB
q

-
Edit <te
.Vulume @ ! EP-

~ Random Line Fault Painter

7 2D Line

- - 3D Horizon
PR Fault FaultA. © Select Clear

Fault P
FaultStickSet Distance to any fault less than 9999760437 {m)

’ Body Inside fill type |Constant

: «* PickSet Inside value |Fault size

B [ Polygon Fault-size rank
S Prestack Events Outside fil type Undefined
@ ~| I Annotations Transparent (if previous step exists)

b ]
IH Name for this step

[free mem] 3.1/7.9 GB

Fill Type I: Constant Value: Single, user-defined value:

— -— . Cran ow PSR

&) OpendTect Pra V6.0.0rc6/win64: F3_Demo_2015 - [Scene 1]
©F Survey Analysis Processing Scene View Utiliies CLAS Help [=1=]=]
5 TR <&
blil“‘:‘ho—ﬂ a7 &
B T ] T o PRt T ELE T L
. Tree scene 1 a i ?
Elements Calor .
. Scene 1 .‘
& In-line -
‘ ¥ Crossine £
Edit ste L= N
n . Volume ] Y et i
7 ~ Random Line Fault Painter
77 2D Line
™
- gg SEE: Faull FaultA. © select...| [ Clear ®
< | Fault T A
FauliStickSet Distance to any fault less than 99 99760437 (m) i
b4 a’u:‘y Inside fill type [ Gonstant -] E‘
D E'“Ikse‘ Inside value 1 €
olygon

&y Prestack Events Outside fill type [Undefined -

~|  Annotations

2
L]
®

Name for this step

o= ¥

E |

[free mem] 3.2/7.9 GB
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Fill type II: Fault size. This will count the number of position the fault(s) have

-~ . 9w . TEEIES

/) OpendTect Pro V6.0.0rch/winG4: F3 Demo, 2015 - [Scene 1] ~ M
P Suney Anaysis Processing Scene View Utlities CLAS Help BEE

GialeWERR-@

Cross-\inaSte- ‘ 7':. I 1 Seismics - = »‘”‘_ -q Q E?av E; % lﬁ: l"l_ %

Tree scene 1 ] [
‘ Elements Color $$§l
‘ Scene 1 Py
3
N In-line %
‘ UZCmIss—Ime ’ ¥
& Z-slice = = ;
Edit ste l-=- g Y
= . Volume @ L S — i i
~' RandomLine Fault Painter e
<J *7 2D Line &
L d
L 33 :2:2: Fault FaultA © Select Clear Q-
b4 | Fault I A
FaultStickSet Distance to any fault less than 99 99760437 (m) i
! B
- ‘ wﬂﬁ Inside fil type Fault size -] E.
47| # piasa gl-
[ Polygon

S Prestack Events Outside fill type [Undefined -

«| © Annotations

Name for this step

mEwdg

-

[free mem] 3.2/7.9 GB
|~

Fill type Ill: Fault size-rank. If you have more than one fault, this option will rank the

fault position based on the fault size.
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##) OpendTect Pro V6.0.0rcb/winG4: F3_Demo_2015 - [Scene 1] r .

~——~——x e oo o WEIEE
@9 Suvey Analysis Processing Scene  View Utiies CLAS Help BEE
1 = o o

e BB TR GR

ooty s dmmp

Tree scene 1 =)

XL ALE

Elements Color
Scene 1
N Inline
i Cross-ine
@ Z-slice
. Volume
~' Random Line

Fault Painter

@ 3D Horizon

P Fault FaultA. © Select... Clear

. Fault -
FaultStickSet Distance to any fault less than 9899760437 m)

® soty

wel Ins\deﬁthpe[Fauﬂ-sizerank ']
' PickSet

.? [ Polygon
®

&\ Prestack Events

Outside fill type | Undefined -
+| b Annotations

®
lv-l'l Name for this step

[free mem] 3.217.9 GB
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2.1.11 Finger Vein Attribute

‘%\5 Faults and Fractures 3D Control Center - o X

Available Attributes

Fault Likelihood (FL)

Thinned Fault Likelihood (TFL)

Create TFL from FL

Basement Fracture Likelihood
Thinned Basement Fracture Likelihood

L)
J:*': l Attributes

Convolve (Edge Enhancement)
Curvature

Dip/Azimuth Attributes

Fault Dip/Azimuth

Fault Painter

dlid o Finger Vein Attribute
v % Planes Fracture Density/Proximity
L . ad Gradient/Azimuth of Curvature

Semblance
Similarity

Filters

Tools

Go ...

(00| @ ®

This technique is based on algorithm that automatically tracks faults.

Input: A discontinuity volume with an enhanced fault pattern (e.g. Semblance,

Curvature or Similarity).

-149-



@Finger vein attribute - O X

Input discontinuity cube 5& ‘4 Dip steered median filter v \ © Select ...

Volume subselection

N ‘ © Select ...

Output volume type Score v

Output Cube | © Select... |# CBVS v

1, Execution Options ...

gClose 0

Output: Score

Score binary:

@ Finger vein attribute - O X
Input discontinuity cube 5& ‘4 Dip steered median filter v ‘ € Select ...
Volume subselection |- ‘ ©) Select ...

Output volume type Score binary v

Minimum score percentage

Minimum fault length per Z-slice in (m) ‘250

Use skeletonization O Yes @® No
Merge faults along Z-slice O Yes ® No
Output Cube | © Select... | CBVS v

1+ Execution Options ...

Run Close
o Q

Input: One of the discontinuity volumes (Similarity or TFL)
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Output volume type: Score binary. Values will be 0, or 1.
Minimum score percentage: 90

Minimum fault length per Z-slice in (m): is the minimum horizontal length of the fault

on any Z-slice. In this example, use 250.

Use Skeletonization: This option will apply thinning.
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Finger Vein Pattern Processing Algorithms

Vel Feature Skeleton
st e 3 detection pattern

Merge faults along Z —slice: Below threshold

Threshold value: 0.8

Expected Fault extraction

result. Note the two
unconnected segments.
N
\\\

- In case the “Merge” option is used; the
points between the two segments that
are below a user defined discontinuity
attribute threshold will be added to the
fault.

Low similarity
values related
toafaultona
timeslice
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Results should look like this for score and score binary

a) Similarity attribute
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b) Score

- 154 -



¢) Score binary
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2.1.12 Fracture Density - Proximity

\% Faults and Fractures 3D Control Center - O X

Available Attributes

Fault Likelihood (FL)

Thinned Fault Likelihood (TFL)

Create TFL from FL

Basement Fracture Likelihood
Thinned Basement Fracture Likelihood

e

Attributes

Convolve (Edge Enhancement)
Curvature

Dip/Azimuth Attributes

Fault Dip/Azimuth

Fault Painter

Finger Vein Attribute

Fracture Density/Proximity
Gradient/Azimuth of Curvature
Semblance

Similarity

Filters

Go ...

€3 Close 9 =)

Fracture density attribute is used to highlight the areas of high dense fractures.

* Improves visualization of potential fracture anomalies.

* It computes the ratio of “number of traces classified as being fractures” to the
“total number of traces present”, in a circle of given radius along Z-slices.

* Whether a particular trace can be defined as being part of a fracture, is determ-
ined by a user-specified threshold, on various curvature/coherence related attrib-

utes such as Max Curvature.

Input Data: Max Curvature
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Determine anomaly threshold: 0.004
Output: Density

Radius to scan: A radius for scanning and computing the density of fracture anom-

alies is also required. Use 400m in this example.

) Attribute Set 3D
File
Shd EETTRY 1TSS
Attribute set <not saved> <All> ~  Fracture Attributes b ? Tg_l

Max Curvature Input Discontinuity Data  Max Curvature v | € Select ...
Anomaly threshold 0.004 |
Anomaly is ® Above threshold O Below threshold
Output Density v

Radius to scan (m) 400

Evaluation type O Circular @ Spherical

Velocity (m/s ) 2000

- =

Attribute Name Fracture Density Add as new [“ e

[4 Save on Close QClose 0
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Fracture Proximity

It is an attribute is useful in pin-pointing locations with maximum fracture activity, within

a user-defined radius.

* This “radius” can for example be linked to tracking radius for drilling.
* |t computes the lateral distance (i.e. along Z-slice) from a trace location classified

as a fracture.

Input Data: Max Curvature (Input data should be a discontinuity attribute, e.g. Sim-

ilarity and Curvature)
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Determine anomaly threshold: Threshold value of input discontinuity attribute above

which a fracture anomaly is expected. In this example use 0.004

Output: Proximity

% Attribute Set 3D

File

Bd AR XN T 195
Attribute set |<not saved> <All> v Fracture Attributes
Max Curvature Input Discontinuity Data \ Max Curvature

Anomaly threshold |0.004

Anomaly is ® Above threshold O Below threshold

Output | Proximity v

Radius to scan (m)

- ==

Attribute Name |Fracture Proximity

Add as new ['“ e

Save on Close

& Close o
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2.1.13 Gradient - Azimuth Of Curvature

\% Faults and Fractures 3D Control Center - O X
Awvailable Attributes

d—l’ . Fault Likelihood (FL)
A:E_:l itz Thinned Fault Likelihood (TFL)
e Create TFL from FL
Basement Fracture Likelihood
Thinned Basement Fracture Likelihood

Convolve (Edge Enhancement)
Curvature

Dip/Azimuth Attributes

Fault Dip/Azimuth

Fault Painter

ik Finger Vein Attribute
\ & Planes Fracture Density/Proximity

Filters

Gradient/Azimuth of Curvature
Semblance
Similarity

Tools

Go ...

€3 Close 9 =)

Using maximum curvature attribute as an input, the gradient curvature attribute will
enhance the curvature following the center of faults and fractures. You can also output
the azimuth curvature which is supplementary products that can be used to know the

faults orientation, thus it can help assessing the stress regime of the area of study.

For the gradient curvature use the following parameters:

Curvature Data: Max.Curvature

Stepout: 1, 1
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Steering: Use Full
Steering Data: Use detailed steering cube

Output: Gradient

@ Attribute Set 3D - u} X
File
Bl EE XTI T 19
Attribute set |<not saved> <All> ~ | Curvature Gradient v ? J[‘J
Max Curvature Curvature Data ‘Max Curvature v‘ ©) Select ...
Stepout |inl:1 2 jerlt S
Steering Full v
Steering Data | 2 Steering BG Detailed | © Select...

Output | Gradient v

= 2

Attribute Name ‘Gradientburvature Add as new [‘“ S

Save on Close & Close o

For the azimuth curvature use the following parameters:

Curvature Data: Maximum Curvature

Stepout: 1,1

Steering: Full
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Steering Data: Detailed Steering Cube

Output: Azimuth

@ Attribute Set 3D - m} X
File
Bd EE TR T 159

Attribute set |<not saved> <All> ~ | Curvature Gradient v ? J[‘J
Max Curvature Curvature Data ‘ Max Curvature v ‘ ©) Select ...

Stepout [inl:1 2 el :

Steering  Full v

Steering Data | 2 Steering BG Detailed | © Select...

Output

=L I 2

Attribute Name |Azimuth| Curvature Addasnew [l 4=

Save on Close & Close o
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Curvature B

Results of Gradient curvature. A: Maximum Curvature. B: Gradient Curvature.
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2.1.14 Semblance

6‘% Faults and Fractures 3D Control Center - O X

Available Attributes

e . Fault Likelihood (FL)
“:%l AL Thinned Fault Likelihood (TFL)

s Create TFL from FL
Basement Fracture Likelihood
Thinned Basement Fracture Likelihood

Convolve (Edge Enhancement)
Curvature
Dip/Azimuth Attributes
Fault Dip/Azimuth
Fault Painter
Finger Vein Attribute
% Planes Fracture Density/Proximity
/ Gradient/Azimuth of Curvature
Semblance
Similarity

Filters

Tools

Go ...

(0 | @ ®

The full article can be found in the user documentation under 7171 Appendix A - Attributes
and Filters > 11.24 Semblance.
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2.1.15 Similarity

% Faults and Fractures 3D Control Center - O X

Available Attributes

J-_E . Fault Likelihood (FL)
A:f_::! AITEUES Thinned Fault Likelihood (TFL)
= Create TFL from FL
Basement Fracture Likelihood
Thinned Basement Fracture Likelihood

Convolve (Edge Enhancement)
Curvature

Dip/Azimuth Attributes

Fault Dip/Azimuth

Fault Painter

T _ Finger Vein Attribute
% Planes Fracture Density/Proximity
| . ad Gradient/Azimuth of Curvature

Semblance
Similarity

Filters

Tools

Go ...

€3 Close e (=)

The full article can be found in the user documentation under 771 Appendix A - Attributes
and Filters > 11.25 Similarity.
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2.2 Filters

@ Faults and Fractures 3D Control Center

[

Attributes

e (79
|BEEEE

i i Filters

‘ Planes
% Tools

Available Filters

Dip-steered Median Filter
Fault Enhancement Filter
Ridge Enhancement Filter
Edge-Preserving Smoother

Skeletonization

o Close
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2.2.1 Dip-Steered Median Filter

% Faults and Fractures 3D Control Center - a X

Available Filters

Dip-steered Median Filter

Attributes Fault Enhancement Filter
Ridge Enhancement Filter
Edge-Preserving Smoother
Skeletonization

Filters

Planes

Tools

Go ...

€3 Close 9 (=)

The full article can be found in the user documentation under 12 Default Attribute Sets
> 12.10 Dip-Steered Median Filter.

- 169 -
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2.2.2 Fault Enhancement Filter

% Faults and Fractures 3D Control Center - O X

Available Filters

Dip-steered Median Filter

pulL Fault Enhancement Filter
Ridge Enhancement Filter
Edge-Preserving Smoother
Skeletonization
Filters

Planes

Tools

Go ...

€3 Close 9 (=)

The full article can be found in the user documentation under 12 Default Attribute Sets
> 12.12 Fault Enhancement Filter.
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2.2.3 Ridge Enhancement Filter

% Faults and Fractures 3D Control Center - . x

Available Filters

: T . Dip-steered Median Filter
mﬁl Attributes Fault Enhancement Filter

Ridge Enhancement Filter
Edge-Preserving Smoother
Skeletonization

Filters

% Planes

Tools

Go ...

Qcose | @ )

The full article can be found in the user documentation under 12 Default Attribute Sets

> 12.9 Ridge-Enhancement Filter.
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2.2.4 Edge-Preserving Smoother

‘\% Faults and Fractures 3D Control Center - O X

Available Filters

: o . Dip-steered Median Filter
ﬁ::l ATETES Fault Enhancement Filter

Ridge Enhancement Filter
Edge-Preserving Smoother
Skeletonization

Filters

Planes

Go ...

€3 Close e D)

Fault interpretation is a crucial step in seismic structural interpretation. However, inter-
preting faults is not always an easy task especially when you are dealing with incon-
spicuous data. A supplementary application of the TFL attribute, the Edge-Preserving
Smoother filter, is designed to make it easy for interpreters to visualize, pick and map
the faults. This filter can enhance and improve seismic data visualization for structural
interpretation purposes. It generates seismic volume with a razor-sharp edges that is

suitable for quickly mapping fault planes.
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\%Create Edge-Preserving Smoother — O X

Input Gube [z S 4 Dip steered median filter -~ © Select ...

Volume subselection | 100/300-750/1250 (463 samples) . © Select ...

@ Advanced Settings

Output Cube ‘ v ‘ 6 Select ...

Batch execution | Single Process v 4. Options ...

0 Close 9

Advanced settings

%Advanced parameters for Edge-Preserving Smoother - [m] X

Filter size (sample) |inl:2 S ‘ ‘crl:2 T 2:32 .

Maximum dip (us/m) 800

Precalculated FL or TFL volume None v
Fault strike scan range in degrees 0 = ‘ ‘360 2 Nrsteps E
Strike scan smoother E
Fault dip scan range in degrees 25 S ‘ ‘65 2 Nrsteps D
Dip scan smoother E

Velocity ( m/s ) 12500

Fault structure-oriented smoothing step 8

Minimum likelihood for fault smoothing 0.1

(o | @

Filter Size (inl/crl/sample): Smaller step-outs, e.g. 1-1-16 or 2-2-32, capture smaller
scale features. Setting bigger TFL dip computation step-outs, e.g. 4-4-100, allows to

better delineate the bigger fault lineaments.

Use thinned fault likelihood volume: A user could either provide the processing

parameters for a TFL volume, or to use an existing one.

Fault structure-oriented smoothing step:Radius of the dip-steered median filter.
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Minimum likelihood for fault smoothing: The process uses this threshold and the

thinned fault likelihood attribute to generate a binary fault location mask array. This

array will provide the 3D fault distribution for the dip-steered filter.

Seismic data before filtering
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Seismic data after applying Edge-Preserving Smoother.
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2.2.5 Skeletonization

%Faults and Fractures 3D Control Center - O X

Available Filters

T

G . Dip-steered Median Filter
= Attributes Fault Enhancement Filter
= Ridge Enhancement Filter
Edge-Preserving Smoother
Skeletonization
Filters
.fj , Planes
Tools

Go ...

€3 Close 0 (»)

The aim of this filter is to fine tune the Thinned Fault Likelihood volume or the Unet

Fault Probability volume.

In the Volume Skeletonization window, the user can set a certain threshold, and

choose to keep the value above or below the threshold and run the output.
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Results

%;gq
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Unet Fault Predictor before thinning

-177 -



Unet Fault Predictor after thinning

* Images: Kerry 3D survey, Taranaki Basin. Data source: New Zealand government.
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2.3 Planes

% Faults and Fractures 3D Control Center

[

Attributes

i i Filters

cch
|gggea

Plane Tools

‘ Planes

% Tools

Extract Planes
Voxel Connectivity

9 Close
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2.3.1 Extract Planes

@ Faults and Fractures 3D Control Center - O X

Plane Tools

yas | Attributes Extract Planes
A W Voxel Connectivity

i i Filters
* Planes
% Tools

QCIose @ E]

The tool extracts fault planes from Fault Likelihood (NOT Thinned Fault Likelihood). It
first produces and displays the best possible fault skins, which can later be converted to

actual fault planes.
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% Fault skin processing settings - O X

Fault likelihood cube a = ‘ ~| © Select... Create ...

Volume subselection ‘- ‘ e Select ...

Use Recursive Gaussian filter for pre-conditioning
Minimum Fault Likelihood: For Skin 0.10 +| For Seed 0.50 B
Maximum delta: For Likelihood For Strike 15 S ‘ For Dip |5

Minimum Skin size 1000 S
Velocity ( m/s ) 2500

€3 Close 0

Fault Likelihood Cube: select a pre-processed Fault Likelihood volume. To process
it, go to Attribute > Thinned Fault Likelihood and in the Advanced Settings set Apply

Thinning parameter to No.

Volume subselection: can be restricted to a faulted interval of interest.

Use Recursive Gaussian filter for pre-conditioning: switched on by default.

Minimum Fault Likelihood: choose minimal value of fault likelihood for a skin and a
seed, where the skin is a set of connected XYZ points which belong to one fault plane,

and the seed is the point with the largest fault likelihood value.

Maximum delta:allowed difference between the neighboring points of the fault skin.

Choose the maximum value for the likelihood, strike and dip.

Minimum skin size:increase the value to dismiss smaller fault skins.

Velocity (m/s) Velocity needs to be used in time surveys to convert angles. Use an

average value for the data set.

On pressing Run, fault skins will be displayed in the scene along with the Rose diagram

Fault skin QC window.
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Count
N A
Q O O

10000 20000

30000 40000
Skin Size

Count

Average Strike

®@ Inside O Outside [] Mirror
Show Skins Hide extracted

Display | Skin Size

v

Bl | opese g
Selection color = [ Average Dip
Extract Selected ... [] Merge User selection overrides filters
Save skins as TFL ...

Total number of skins: 189 Number of skins in range: 189

No Skins selected

&Finish € <Back @

Users can compute clean TFL from skins using the Save skins as TFL option:
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@ Fault skin QC

Save skins as TFL ...

L 4

- a
= 4
32
O o
10000 20000 30000 40000
Skin Size
15
k=
3
Q
o
100 200 300
Average Strike
@ Inside O Outside [ Mirror
Show Skins [ Hide extracted 15
€1
Display | Skin Size vl 3
o
1011 [ M 43824 | E3Pastel v 30 20 50 60
Selection color [T Average Dip

User selection overrides filters

Total number of skins: 189 Number of skins in range: 189

No Skins selected

O @

Mind that this process completes very quickly.

TFL from skins:
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Note the clean, continuous faults compared to TFL in next slide
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2.3.2 Voxel Connectivity

@ Faults and Fractures 3D Control Center — O X
o Plane Tools
=
aa | Attributes Extract Planes

Tigy
ey

Voxel Connectivity

Filters

Planes

Tools

X

Go ...

€3 Close @ (=)

The full article can be found in the user documentation under 5 Analysis > 5.2 Volume

Builder Setup > 5.2.7 Voxel Connectivity Filter.
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2.4 Tools

@ Faults and Fractures 3D Control Center - O

o= | Attributes

CCCE
Eaa

Filters

Planes

General Utilities

Tools

Blend Attributes and Faults
Fault Dip Calculation

Show Rose Diagram

Trim horizons against Faults

0 Close
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2.4.1 Blend Attributes & Faults

@ Faults and Fractures 3D Control Center — O X

General Utilities

Blend Attributes and Faults
Fault Dip Calculation

Show Rose Diagram

Trim horizons against Faults

Attributes

i i Filters

‘ Planes
% Tools

9 Close @ (>)

Blend Attributes and Faults is a powerful technique to visualize faults and attributes

as one volume. The tool can be started from the Tools menu of the Faults and Frac-

tures Control Center.
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\% Blend Attribute and Faults - | X

Attribute to blend £, S \ v 6 Select ...
Volume subselection \100/300-750/1250 (463 samples) © Select ...

Fault positions from  Likelihood Volume v

<

Likelihood volume a S |4 Dip steered median filter © Select ...

Likelihood between[0,1] (0.5 1

Replace value by Constant v

Value ‘

Output Cube | v| € Select...  CBVS v

Batch execution Single Process ¥4 Options ...

Q Close 0

Attribute to blend: Select an attribute to be blended.

Volume sub-selection: To control what area to use, also useful for speeding up the

process.

Fault positions from: Two options are available - choose between a Fault Likelihood

volume or manually interpreted faults.

Likelihood between [0,1]: If a Fault Likelihood volume is selected, the user needs to
define what range of the volume will be blended and replaced by a constant value, from

a volume, or by undefined value.
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Similarity attribute
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Similarity blended with a TFL volume. Note that only TFL values between 0.5-1 are

used here and replaced by the value of 1.

Tip: If you display the original TFL volume over the new blended attribute, and restrict

the color bar scale to 0.5-1, the TFL results will be identical to the blended results.
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2.4.2 Fault Dip Calculation

% Faults and Fractures 3D Control Center — 4 X

General Utilities

e Blend P.\ttributes apd Faults
Fault Dip Calculation
Show Rose Diagram
Trim horizons against Faults
Filters
Planes
Tools

Go ...

€3 Close e (=)

The Fault Dip, is calculated in the Faults and Fractures 3D Control Center, under Tools.
It generates a ratio cube of the vertical displacement per horizontal distance. The cube
has two components - Inline Dip and Crossline Dip. In a time survey, the values are in

microseconds/meter and in a depth survey (with meter as unit), the values are in mil-
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limeter/meter. The Fault Dip unit is the same as the unit used in Steering cubes, cre-

ated using the Dip Steering plugin.

‘%Ca\cu ate Fault Dip - [} X

Fault dips based on Fault planes v

Faults | - © Select ... Clear
Volume subselection |- © Select ...
Output Cube v| € Select... I CBVS v

. Execution Options ...

€3 Close 9

Once the dip cube has been calculated (either using the Fault Dip Calculation or Dip
Steering), the user can read the values from the Manage Seismic window using the

Browse tool.

In OpendTect 6.6, the user can manually measure the dip of the line joining any points
in either degrees or microseconds/meter, with the Measure tool in the Graphics Tool-
bar. The user can use this as a QC tool. The dip angle is measured from the horizontal
and is usually lower than the angle 'visible' on screen as the Z-axis is usually stretched
in comparison to the horizontal. Therefore it may be that what appears to be steeply dip-
ping on screen has only a moderate dip. If you increase the velocity, it will increase the

calculated vertical distance and the dip, and vice-versa.
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2.4.3 Show Rose Diagram

@ Faults and Fractures 3D Control Center — O X

General Utilities

L—\—\_

L

I Attributes Blend Attributes and Faults

Fault Dip Calculation
Show Rose Diagram
Trim horizons against Faults
i i Filters
‘ Planes
% Tools

'¥ccce
|Eggaa

QCIose @ E]

The rose diagram works similar to a histogram. It counts the number of samples which
have a TFL value above the given threshold. The diagram is divided into 36 sectors,

representing a 10 degree strike angle range.
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\%TFL Rose Diagram - O X

Thinned Fault Likelihood Volume (] & | | © Select ...
Area subselection Range gl ™ |
In-ine Range 100 2 750 %]
Cross-ine Range 300 & 1250 %]

Z subselection Z Range N

Time Range (ms) ‘O = ‘ ‘1848 =

4

Minimum likelihood

Plot Type Strike Count %

Nr of bins: Strike _

0% QCreate oCIose

Two types of rose diagram are supported:

1. The Strike Rose Diagram. This diagram shows the count (or number of samples)
in each strike sector. The more samples in a certain strike angle range, the longer
the bar. Therefore, the radius of the rose diagram represents the count.

2. The Strike/Dip Rose Diagram. This diagram shows the count based on strike and
dip direction. Each strike sector is divided into 9 dip angle parts, representing a 10
degree dip range. The radius of this rose diagram therefore represents the dip
angle from 0 in the center to 90 on the edge. The color tells how many samples

fall into a certain strike/dip sector-part.
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% Rose Diagram - test_create_FL - O X

N

An example of a Strike Count Rose Diagram.
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% Rose Diagram - test_create_FL - O X

30

An example of Strike/Dip Rose Diagram. It shows that the most of the faults/fractures

have a North-South direction and have a dip angle between 60-80 degrees.
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2.4.4 Trim Horizons Against Faults

% Faults and Fractures 3D Control Center — O X

General Utilities

Blend Attributes and Faults

Attributes k :
Fault Dip Calculation
Show Rose Diagram
Trim horizons against Faults
Filters

., Planes

Tools

Go ...

9 Close 0 )

The full article can be found in the user documentation under 5 HorizonCube > 5.2 Hori-

zonCube Control Center > 5.2.3 Tools > 5.2.3.3 Trim Against Faults.
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3 Machine Learning

a

K

3.1 Introduction and Terminology

Machine Learning (ML) is a field of computer science that uses statistical techniques to
give computer systems the ability to "learn" (i.e. progressively improve performance on
a specific task) with data, without being explicitly programmed. ML is subfield of Arti-
ficial Intelligence (Al) which is defined as a branch of computer science dealing with

the simulation of intelligent behavior in computers.

The Machine learning plugin links the OpendTect Pro environment to the Keras

(TensorFlow) and Scikit Learn platforms. With the Machine learning plugin, OpendTect

users can do Clustering, Classification and Regression of the following objects:

1. Wells only e.g. for predicting missing logs, markers, stratigraphic

trends, litho-facies, clustering logs etc.

2. Seismic only e.g. for clustering 3D seismic, imaging faults, chim-
neys, salt bodies, to predict missing traces, picking velocities, picking
mutes, increasing spatial and temporal sampling rates, transforming

seismic data to broadband etc.

3. Seismic & wells e.g. for predicting reservoir properties, explaining

patterns, tying wells, etc.
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4. Neural Network e.g. for predicting pattern and properties using the

conventional Neural Network.

The Machine Learning plugin can be accessed as pointed in the image below:

& OpendTect Pro V6.6.0beta7 (Windows) : F3 Demo 2020 training v7 - [Scene 1] - o X
[/ Survey Analysis Processing Scene View Uiiities Help ‘
- ok oo
lod Al GE 2R
Cross-line 0 * Stepo . mup . l 11 0D Seismic 1 1 v By ‘@ P =§Q H l' lk F1 44 A

The Machine Learning Control Center is developed with the same look-and-feel as

other control center plugins of OpendTect.

First we select the type of data we are working with: Wells, Seismic, Seismic + Wells, or
Neural Networks. The latter refers to the pre-existing Neural Networks plugin that is

now started from inside the ML control center.

Next we select the workflow we want the execute from the available options (see

images below). The Ul then guides us through the selected workflow.

Typically, each workflow consists of three steps, which are captured in three tabs:
Select input data -> Train Model -> Apply Trained Model.

ML workflows for: Wells, Seismic, Seismict+Wells and the predecessor Neural Net-

works plugin:
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£% Machine Learning Control Center

Survey: F3 Demo 2020 training v7

EE Wells

Seismic

Seismic +
Wells

Neural Network

v Workflows

Log-Log prediction
Lithology classification

Go ...

@

$% Machine Learning Control Center

Survey: F3 Demo 2020 training v7

g

Seismic

Seismic +
Wells

Neural Network

v #0 3D Seismic

Horizon-based seismic facies
Seismic bodies (supervised ...
Seismic Image Segmentation
Seismic Image Regression

v 28 2D Seismic

Horizon-based seismic facies
Seismic bodies (supervised ...
Seismic Image Segmentation
Seismic Image Regression

v Pre-trained models

Unet 3D Fault Predictor

Go ...
@ e
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£% Machine Learning Control Center
Survey: F3 Demo 2020 training v7
v 3P 3D Seismic

E Rock Property Prediction
‘E Wells v 20 2D Seismic

Rock Property Prediction

=y

Seismic

Seismic +
Wells

Neural Network

$% Machine Learning Control Center

Survey: F3 Demo 2020 training v7

30 Neural Networks (3D)

E 28 Neural Networks (2D)
E Wells

=y

Seismic

Seismic +
Wells

Neural Network

‘QCIose H eHeIp ‘
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Terminology

In this Chapter we will use the following terms:

1. Accuracy and Overfitting

a. A Model is accurate if it can be said to predict as well in the validation data
as it did in the training data.

b. An overly complex Model may be trained such that it is very accurate for pre-
dictions on the Training Set but does not generalize well.

c. Overfitting results when the Model no longer describes the relationship
between Features and Target, but instead is trained to output only the Train-
ing data.

2. Algorithm

a. A process, set of rules or mathematical relationships used to calculate a
solution (or solve) a problem.

b. Typical Machine Learning Algorithms are Regression, Random Forest,
Boosting, Neural Networks, Self-Organizing Maps (SOMs).

3. Classification

a. A prediction method that assigns a data point (with some feature coordin-
ates) to a predefined category or bin.

b. Classification is strictly speaking a Supervised learning approach (target
labels are assigned by experts).

c. Classification is nowadays also used in the context of Unsupervised learn-
ing approaches (target labels are generated by the model).

d. In this document we use Classification for both Supervised and Unsu-

pervised learning approaches.
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4. Clustering

a.

An Unsupervised learning approach aimed at Organizing data in groups

with similar structure.

5. Convolutional Neural Network (CNN)

a. A specific type of neural network in which a (1D, 2D, 3D) image is con-
volved with a set of filters and the filtered output is passed on to the next
layer in the network.

b. The filter coefficients are found in a supervised learning run.

c. The LeNet and Unet models implemented in OpendTect Machine Learning
plugin are CNNs.

d. Webinar: Machine Learning Part 2.

6. Feature

a. An independent variable such an observable quantity that has been pre-
viously recorded.

b. Features can also be engineered by combining multiple features or apply-
ing transformations.

c. Features are the inputs of Models.

7. LeNet Model

a. Convolutional Neural Network introduced by Yann LeCunn

b. Used in OpendTect for Seismic Bodies detection workflows (e.g. creating a
Chimney Cube with a deep learning model instead of with a shallow MLP
type of neural network).

c. Webinar: Machine Learning Part 2 ; Publications: http://y-
ann.lecun.com/exdb/lenet/

8. Model
a. A mathematical representation of some real-world process.
b. A predictive model attempts to produce an outcome based on past exper-

ience.
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9. Multi-Layer-Perceptron (MLP)

a. A fully-connected neural network with an input layer, one or more hidden
layers and an output layer.

b. The non-linear transformation happens in the hidden layer(s) when the sum
of the weights multiplied by the input features passes through a sigmoidal
shape function.

c. MLP networks are supervised networks for classification and regression
problems.

d. MLPs are nowadays referred to as “shallow” networks as a distinction
between conventional neural networks and newer deep learning models.

e. In OpendTect MLPs are implemented in the pre-existing Neural Networks
plugin and in various workflows with Scikit Learn models.

f. Webinar: Machine Learning Part 1.

10. Segmentation

a. Strictly speaking Segmentation is the same as Clustering, i.e. an Unsu-
pervised learning approach.

b. Segmentation is nowadays also used for Supervised learning methods.

c. We primarily use Segmentation in the context of image-to-image pre-
dictions whereby the Target is an image with labeled information (aka
mask).

11. Target

a. Defined in Statistics as the dependent variable.

b. Itis the output (or prediction) of the Model or variable.
12. Test Set

a. Adata set that is (automatically) split off by random selection from the Train-
ing Set. The Test Set is used during training to check for signs of Overfitting.

b. Examples from the Test Set are passed through the Model to compute the
error. In contrast to examples from the training set the errors of the Test Set

are not used to update the weight function (gradients) during training.
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e.

Training should ideally be stopped when the error on the Test Set has
reached its minimum. Prolonged training may further decrease the error on

the Training Set while the error on the test set increases (overfitting).

. The Test Set differs from the Validation set in that the Validation set is not

used during training whereas the Test Set is.

TensorBoard does not make a distinction between Test Set and Validation.

13. Training (“Learning”)

a.

The process of creating a Model from the Training data using some

algorithm.

. The data is fed into the algorithm, which learns a representation of the rela-

tionship between Feature(s) and Target(s).
Supervised Learning is an approach to learning under supervision from an

intelligent source. For example, learn by advice, or learn by example.

. Unsupervised Learning is a competitive learning approach aimed at finding

structure in the data, thereby extracting relevant properties or features.

14. Training Set

a.

d.

A (cleaned up, pre-processed) data set that is used by the learning
algorithm to find potentially predictive relationships.

Typically, the Training data set is a subset of the entire dataset, with some
portion being held aside for Validation.

For seismic applications a Training Set can also be synthesized. This is
especially useful in cases where we do not have sufficient reliable
examples to train on. In OpendTect we synthesize data (1D, 2D and 3D) in
SynthRock. Also, the Unet Fault predictor was trained on synthetic data.
The key to successful machine learning applications is creating a training

set that is truly representative of the problem we try to solve.

15. Unet Model

a. An auto-encoder - decoder type of Convolutional Neural Network used in

Segmentation and Regression problems.
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b. Webinar: Machine Learning Part 2 ; Publications: https:/link.s-
pringer.com/chapter/10.1007/978-3-319-24574-4 28
16. Unsupervised Vector Quantizer (UVQ)

a. Network for segmenting (clustering) data into a user-defined number of seg-
ments (UVQ is similar to K-means clustering).

b. Cluster centers are found by unsupervised learning; Random prototype vec-
tors are updated until they fall in cluster centers; Post-training cluster cen-
ters are sorted to ensure that similar clusters are displayed with neighboring
colors in the segmentation map (UVQ + sorting approximates a Kohonen
map, which sorts during training as it updates not only the winner but also
the nearest neighbor).

c. Inthe application phase the trained UVQ network compares input vectors to
‘cluster center’ vectors; Output is the index of ‘winning’ cluster and ‘match’
(confidence measure between 1 and 0).

d. UVQ is used in seismic facies interpretation workflows. Typically, it is used
to cluster seismic waveforms around mapped horizons but it can also be
used to cluster 3D bodies.

e. Quick UVQ is a workflow for waveform segmentation, i.e. clustering trace
segments extracted around a mapped horizon.

f. In OpendTect UVQ is implemented in the pre-existing Neural Networks plu-
gin.

g. Webinar: Machine Learning Part 1.

17. Validation Set
a. A data set separate from the Training Set, yet having the same predictive

features and targets as the training data set, e.g. a well with existing logs
that is set aside as blind test well. Please note that TensorBoard does not
make a distinction between Test Set (see above) and Validation Set.

b. Comparison of the predictions versus known results in the training and val-

idation data speak to the accuracy and generality of the model.
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You can find the complete dGB Machine Learning Webinar series here:

e Machine Learning Webinars: Part 1: Theory: Introduction

* Machine Learning Webinars: Part 2: Theory: Deep Neural Networks

and Other New Algorithms

* Machine Learning Webinars: Part 3: Applications: Seismic, Logs, and,

Seismic-to-log

* Machine Learning Webinars: Part 4: Synthesizing Training Data with

SynthRock
* Machine Learning Webinars: Part 5: Creating and Adding New

Models

* Machine Learning Webinar Q&A - Demo Image to Image workflow

e Machine Learning Webinar Q&A - Demo Log-Log Prediction workflow

¢ Machine Learning Webinar Q&A - Demo Seismic Object Detection

workflow
* OpendTect Webinar: Machine Learning workflows for seismic data_

interpolation
¢ OpendTect Webinar: Machine Learning Applications for Seismic Inter-

pretation
* OpendTect Webinar: Seismic Classification: a Thalweg Tracker /

Machine Learning Approach

* OpendTect Webinar: Develop your own Machine Learning tools and

workflows with OpendTect

* OpendTect Webinar: How to prepare well logs to get optimal Machine

Learning results

Other dGB resources include:
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Develop your own Models Documentation
OpendTect-ML-Dev Github repository

odpy Documentation

Machine Learning FAQ

And a selection of relevant dGB Machine Learning workflows (in .pdf):

* Machine Learning Workflow: Wells Log-Log Prediction (Density)

¢ Machine Learning Workflow: Wells Log-Log Prediction (Porosity)

¢ Machine Learning Workflow: Wells Lithology Classification

* Machine Learning Workflow: Seismic bodies (Supervised 3D)

* Machine Learning Workflow: Seismic Unet 3D Fault Predictor

* Machine Learning Workflow: 3D Seismic + Wells Rock Property Pre-

diction

* Machine Learning Workflow: Seismic Image to Image Faults Pre-

diction

* Machine Learning Workflow: Seismic Image Regression (Unet) - Fill

Seismic Traces

For a general (non dGB) beginner's tutorial course in TensorFlow 2.0, please watch

this YouTube video.

You can join the OpendTect Machine Learning Developers' Community on Discord

For more information on how to become a member and be part of the Community

please read the FAQ.
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https://www.youtube.com/watch?v=tPYj3fFJGjk
https://discord.gg/9cVrW2sNza
https://dgbes.com/index.php/support/faq-opendtect-machine-learning-developers-community-discord-server
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3.2 Python Settings, Data Flow and Data

Management
The Python Settings Window is started from the Utilities -> Installation -> Python Set-
tings Window.
@ Set Python Settings _ O ¢

Set Python environment

Python environment Custom M

Custom environment root ‘C:\Progs\OpendTect\Python ‘ © Select ...

[ Virtual environment odmipython-cuda10 v

Custom Module Path G:\dev\Python_Scripts\dGB_models  Edit...
Python IDE Command ' spyder X7
Command spyder € Select.. &
Arguments

Tool Tip  spyder

Test Launch Prompt

© cars

OpendTect Machine Learning comes with its own Miniconda Python environment.
Users who prefer to work in a private Python environment can change the Python
environment here. If a Custom environment is selected you need to specify the root of
the environment. The Virtual environment: odmlpython-cuda10 runs models on the
GPU; odmlpython-cpu-mkl runs on the CPU. Computations on a GPU are many factors
faster than computations on a CPU. If the GPU in your environment is too small for cer-

tain jobs to run you can switch virtual environments to CPU usage.
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Note:You may notice that the GPU is not using all its available resources for
certain processes. Within the Machine Learning plugin, it is the Python application
that is running either the training or the prediction, not OpendTect itself. Within Python,
the performance and behavior of each process (training/prediction) depends entirely on
the python module being used: It will be very different between Sklearn (CPU only, very
small memory footprint), and Tensorflow (GPU or CPU, large memory utilization). We
keep monitoring for any available updates for these Python packages and will imple-

ment these newer, improved versions immediately as they become available.

The Custom Module Path is the path for Python developers in which they develop
private Machine Learning Models in this environment. All models in the given directory,
which are named: ‘mimodel....” will appear in the Ul of the Machine Learning Control

Center and can thus be applied to other data sets.

The Python IDE Command is the Python editor you wish to use. You can launch the
IDE using the specified Command, Optionally with some Arguments from a Python
Command Window. Alternatively, you can add an icon to your plugin toolbar by press-
ing the corresponding icon in this window. In this case the Spyder icon with Spyder

Tool Tip is added to the icon toolbar.

Pressing this icon from the toolbar will launch Spyder with the correct settings. The

Python environment can be tested with the Test icon.

The general flow of a Machine Learning workflow is as follows:

1. Based on the data you have and the problem you want to solve: Select a work-
flow from the control center

2. Create a Training Set. Construction starts with a selection of the Target (output)
feature. Next you select the input features and the dimensions of the input fea-

tures. Training Sets can be constructed from real data over multiple surveys or
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from synthetic data (SynthRock). Training Sets selection files can be saved,
restored and edited. Training Sets themselves are stored in hdf5 format. These
files can be managed from the Manage Machine Learning icon.

3. Select a Model. Depending on the workflow the plugin supports Machine Learn-
ing Models from Scikit Learn and/or from Keras (TensorFlow). Set the Train-
ing Parameters and train the model. A Test Set to monitor Overfitting is
automatically split off from the Training Set by the software. Models are also
stored in hdf5 format and can be managed from the Manage Machine Learning
icon.

4. Monitor training. This is done in a log file that outputs information about the loss
and accuracy of the model for both Training and Test Sets. Keras models are
also monitored graphically in TensorBoard, which is started in your default
browser when training starts. Models can be trained from scratch (New), con-
tinued from a stored model (Restore) and continued from a trained model with
new data (Transfer). In Transfer training the convolutional parts of a deep learn-
ing model are not updated to safe time. Only the weights of the last layer are
updated with the new training examples.

5. Apply the trained model. Select the input data set(s) on which the trained models

will be applied.

Training Sets can be managed in the “Machine Learning Deep Example Sets” window

that is launched from all windows with a “Manage Example Sets” icon L nextto a

Select button. The “Machine Learning Deep Example Sets” window pops up.
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$%Manage Deep Learning Example Sets - O X
O - . | €2
O @ ML_ex_seis-2-dummyseis_0x128x128

O® ML_ex_seiswithholes2seis_0x128x128
[] & Seis+Z_to_classes_0x128x128

> El| ]

o No info available
HDFS5 Error: HS5Fopen failed

File Name: ML ex seis-2-dummyseis 0x128x128.h5
Location: D:\Surveys\Delft ML_test\NLAs

Size: < 1 kB

Last modified: Wed 05 Aug 2020, 15:51:34
Created by: paul

Created at: 2020-08-05T13:48:03Z

Storage type: dGB

Object ID: 100060.53

i«
B

g Close

Free space on disk: 214.9 GB

In this window you can use the corresponding icons in the ribbon on the right to
rename, lock, remove and set defaults. The info box in the middle gives detailed inform-

ation on the file. Personal textual information can be added in the bottom field. Press

the save button to save this information with the file.
Example data sets can be viewed with an hdf5 viewer that is launched from all win-

dows with the “View Example Sets” icon O\ next to the “Manage Example Sets”

icon. The “View Example Sets“ viewer pops up.
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P Example viewer for 'D:\Surveys\Delft_ML_test\NLAs\Seis+Z_to_classes_0x128x128.h5' — [m]

File Name ifo oP E] < @ a

D:\Surveys\Delft_ML_test\NLAs\Seis-

Input inline 5066

Survey
Delft_ ML _test v

5.000e+8

BOOQ ~

Collection 4.000e+8

classification v
3.000e+8

Attribute: 1

00e+8
Image Number: 5066

00e+8
Color palette:

[ Greys256 v

00e+0

Zoom factor: 3

00e+8

0 20 40 60 80 100 120
Target inline 5066

75

T T T L e e e L e e
0 20 40 60 80 100 120

The hdf5 viewer is a 2D viewer that allows you to inspect 2D and 3D input - and target
images. Use the sliders to select the input attribute (typically 1, but more are possible)
and the input image to view. In the case of 3D images (3D cubelets) you can slide
through the selected cubelet in the inline, crossline and Z directions with 3 additional

sliders.

The display can be changed by changing the color palette and the zoom factor.
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Note, the hdf5 viewer is developed in Bokeh, a Python library for interactive displays.
The icons above the image are standard Bokeh plot icons to control zoom, pan, reset

etc.

The Bokeh server icons in the ribbon on the right-hand side of the viewer can be used
to start, stop and restart the Bokeh server in case something goes wrong. The Bokeh
server is a separate process that is started by OpendTect. Information about this pro-

cess is given in the log file that can be inspected by pressing the corresponding icon.
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3.3 Wells

The well log prediction and well log classification workflows in this section are Super-
vised Machine Learning workflows and require only well logs as inputs. The target logs

are used for generating/predicting missing logs, and for classifying lithological logs.

Log Prediction produces continuous logs and Log Classification produces discrete

logs.

3.3.1 Log-Log Prediction

This workflow is used to predict a missing log from existing logs. The input and target
logs must be present in all training wells. For the application of the trained model, only
the input logs must be present. The Data is extracted from one or more wells. Typically,

the target log is predicted from multiple input logs.

Extract Data:

Data extraction is the first step in all Machine Learning workflows, and as such, we will
work through extracting the well curve data that we will use later in the training and pre-
dictions steps. We will divide the data into training and validation sets, where the train-
ing data will be used in the learning stage and generation of a trained model, and the
validation data will be used to test our model with data that has not yet been seen by

the trained model.

-216 -



?q. Log-log Prediction

Extract Data | Train | AppIyl

|<Input Data> € Select .
Output Deep Learning Example Data | | © select .. il
o Proceed >> e Close 9 Help

Log-Log Prediction Window

Select the Input and Target Data:
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3% Specify Log Data to Predict — O >

Survey Data Root | C:\Surveys V| B Select ...

Survey | F3_Demo_2016_training_v6
F3 Demo_2020 training vi
Ny MNew Survey
Petrel_Link_test_2del

Target Log  Density e
m - |4 Time Sort € #
F02-1 —
F03-2
FO34 &
] FO6-1 '@'
0 oK Q Cancel

In this example, we select three wells for our training data, the Density logs
as our Target log. The fourth well (F06-01) is left out, because we want to
use it as a blind test to validate prediction of the trained model at a later
stage. It may be that we also leave out wells because they do not have the

required combination of input logs and target log.

Note: use the “Well Table” (launched from the Well Data Management

icon) to see which logs are present in which wells
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N Deep Learning: Target Log Definition — [m}

Survey Log Name Wells
1 F3_Dema_2020_training_v7 Density [3] FO2-1", 'F03-2" and 'FO3-4"

®
&
®
=]

@ Proceed [Input Data Selection] == | g Close

The Survey, selected Target log name and Input well names are listed.

Note: It is possible to create a training set from wells stored in multiple pro-
jects. To select wells from the next project, press the + icon and repeat this

exercise until we have selected all wells from all surveys for this training set.

Hitting the Proceed [Input Data Selection], pops-up a new window in

which we select the input logs:

P4 Select Input Logs — O *

[v ~ Logs to be used to predict 'Density’

[] P-Impedance_rel

O vp

] LithoLog

[ 1 Water Saturation Brine |

QDK | QCanceI |

In this example, the Sonic and Gamma logs are chosen as input logs.
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As a reminder: These selected input logs must be present in each of the

Input wells and in the target well in which we want to predict Density Log.

2 Input Log Selection — O X
Survey Input Log 1 Input Log 2 >
1 F3_Demo_2020_training_v¥ Gamma Ray ~ | Sonic b H
Stepout from center log sample
Extract between | <Start of data> ~ |<End of data= ~

Log sampling Z Step (m) [0.1524

Edge/Gap Policy ® Exclude incomplete O Add data

Output Deep Learning Example Data |2x-Density Prediction ~| | &) Select .

© cine | | = vty

In this window, the selected input logs are shown.

The Stepout parameter helps the model to take small trends into account,
and the specified value determines the input log samples to extract around

each evaluation point (in a +/- range around the specified value.)

To extract only in a zone of interest, we can select the corresponding mark-
ers to Extract between a pair of specified start and end points. If left to

defaults, the entire log will be used.

The Edge/Gap Policy controls how we handle examples with missing input
features. With a Stepout of 10 we need 10 samples above and 10 samples
below each prediction point. The default Exclude incomplete will not
return a value meaning we lose 10 samples above and 10 samples below

each gap. If the toggle is set to Add data, the value at the edge of an input
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feature is copied Stepout times to ensure the model can make a prediction
at the edge. In other words the predicted log covers the same interval as the

input logs (gaps do not increase).

Hitting the Proceed button completes the Data extraction step. The extrac-

ted data is stored and the training tab pops up.
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Training:

When we already have stored the extracted data for training, we can move
on to the Training tab with Select training data (Input Deep Learning
Example data). After the training data is selected the Ul shows which mod-

els are available.

Under the Select training data there are three toggles controlling the Train-

ing Type:

* New starts from a randomized initial state.

* Resume starts from a saved (partly trained) network. This is used to
continue training if the network has not fully converged yet.

* Transfer starts from a trained network that is offered new training
data. Weights attached to Convolutional Layers are not updated in
transfer training. Only weights attached to the last layer (typically a

Dense layer) are updated.

These available models are divided over two platforms: Scikit Learn and

Keras (TensorFlow).

Check the Parameters tab to see which models are supported and which

parameters can be changed. From Scikit Learn we currently support:
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—

. Linear Regression
a. Ordinary Least Squares

2. Ensemble Methods

a. Random Forests

b. Gradient Boosting

c. Adaboost

d. XGBoost
3. Neural Networks

a. Multi-Layer Perceptrons

N

. Support Vector Machines
a. Linear
b. Polynomial
c. Radial Basis Functions
d

. Sigmoid

Our best results have been generated with Random Forests and XGBoost
(eXtreme Gradient Boosting of Random Forest Models). Random Forests
build a bunch of trees at once and average the results out at the end, while
gradient boosting generates and adds one tree at a time. Because of this
gradient boosting is more difficult for parameter tuning, but since it goes
more in depth, it could result in higher accuracy for complicated or imbal-

anced datasets.

From a statistics point of view, a Random Forest is a 'bagging' algorithm,
meaning that it combines several high variance, low-bias individual models
to improve overall performance. Gradient boosting is a 'boosting' algorithm,
meaning that it combines several high-bias, low variance individual models

to improve overall performance.
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For parameter details we refer to: https://scikit- learn.org/stable/user

guide.html

The dGB LeNet regressor is a fairly standard Convolutional Neural Network
that is based on the well-known LeNet architecture (and available in Keras-
TensorFlow) It should be noted that satisfactory log-log prediction results
have not been generated with this model. It is included here to give
researchers a starting point for log-log prediction with Keras / TensorFlow
models. We encourage workers to use this model as a starting point, and
perhaps find a better one (that we will gladly add to the list of supported
models.) Tip: other workers have reported good results with LSTM type of

models.
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#4 Log-leg Prediction — O X

Extract Data  Train Apply

Input Deep Learning Example Data | Ex-Density Predictior ~| &) Select ... )

Training Type &1 New (] Resume [ Transfer

Output Deep Learning Model | V| © Select .. ]

Training  Parameters
Type
dGB LeNet regressor v

Batch Size
32 v

500 J/E

Epochs: 15

Patience: 5

Initial Learning Rate (1e): 4

Epoch drop (%): 33.33

Size: 463 MB

|| Decimate input

Back

O Proceed == B Close a Help

The above image shows the following training parameters that can be set.

Batch Size: this is the number of examples that are passed through the net-

work after which the model weights are updated. This value should be set
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as high as possible to increase the representativeness of the samples on
which the gradient is computed, but low enough to have all these samples
fit within the memory of the training device (much smaller for the GPU than
the CPU). If we run out of memory (raises a python OutOfMemory excep-

tion), lower the batch size!

Note that if the model upscales the samples by a factor 1000 for instance on
any layer of the model, the memory requirements will be upscaled too.
Hence a typical 3D Unet model of size 128-128-128 will consume up to 8GB
of (CPU or GPU) RAM.

Epochs: this is the number of update cycles through the entire training set.
The number of epochs to use depends on the complexity of the problem.
Relatively simple CNN networks may converge in 3 epochs. More complex
networks may need 30 epochs, or even hundreds of epochs. Note, that
training can be done in steps. Saved networks can be trained further when

you toggle Resume.

Patience: this parameter controls early stopping when the model does not

change anymore. Increase the patience to avoid early stopping.

Initial Learning Rate: this parameter controls how fast the weights are
updated. Too low means the network may not train; too high means the net-

work may overshoot and not find the global minimum.

Epoch drop: controls how the learning rate decays over time.

Decimate Input: This parameter is useful when we run into memory prob-
lems. If we decimate the input the program will divide the training examples

in chunks using random selection. The training is then run over chunks per
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epoch meaning the model will eventually have seen all samples once within

one epoch, but only no more than one chunk of samples will be loaded in
RAM while the training is performed.

After model selection, return to the Training tab, specify the Output Deep

Learning model and press the green Run button.

. L
% Log-log Prediction — O >

Extract Data  Train | Applyl

Input Deep Learning Example Data |Ex-Density Prediction ~| © Select . | _ll

Output Deep Learning Model |Mod-Density Prediction | esmmml ”
Training Parameters @

Machine learning platform:

Scikit-learn v

goel®

Q Proceed >>| 0 Close | e Help |
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- . - -
#% Machine Learning training log — O st

remaining: 1.5=s ~
[Parallel (n jobs=-1)]: Done 95 out of 100 | elapsed: 27.0s

remaining: 1.3s

[Parallel (n_jobs=-1)]: Done 97 out of 100 | elapsed: 27.8s

remaining: 0.8s

[Parallel (n_jobs=-1}]: Done 100 out of 100 | elapsed: 28.2s5 finished

Finished: Fri 21 Aug 2020, 13:54:42
Saving model.

Model sawved.

Process: 'Machine Learning Training'
Finished: Fri 21 Aug 2020, 13:54:44

Finished batch processing.

L

0 Close | # Reload

Training Tab of Machine Learning workflow

The progress can be followed in a log file. If this log file does not start auto-
matically, please press the log file icon in the toolbar on the right-hand

side of the window.

Below the log file icon there is a Reset button to reload the window. Below

this there are three additional icons that control the Bokeh server, which

controls the communication with the Python side of the Machine Learning

plugin. The server should start automatically. In case of problems it can be
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controlled manually via the Start and Stop icons. The current status of the

Bokeh server can be checked by viewing the Bokeh server log file.

When the processing log file shows “Finished batch processing”, we can

move to the Apply tab.
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Apply:

Once the Training is done, the trained model can be applied. Select the
trained model and press Proceed. Select the logs to use for each of the

model’s training input logs the wells in which to predict the missing target

log.
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4 Log-log Prediction - O >

Extract Data  Train  Apply

Survey Data Root | C:\Surveys V| © Select .

Survey | F3_Demo_2016_training_v6
F3_Demo_2020_training_v7
My Mew_ Survey
Petrel_Link_test_2del

* |'I'|me Sort

Mod-Density Prediction

=i1- Sl

Name: Mod-Density Prediction.

Type: Log-Log Prediction.

Number of inputs: 2.

Cutput: Density.

Created by: assia.

Created at: Fri 21 Aug 2020, 13:54:10.
Last Modified: Fri 21 Aug 2020, 13:54:44.
Cbject ID: 1000€0.54

IQProceed }}l |6C.Ic—se | | eHeIp |

Apply tab of Machine learning workflow
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B App y ‘Mod-Density Prediction - O x
Input log for 'Sonic' |Sonic |
Input log for ‘Gamma Ray' |Gamma Ray ~|
Applyto [v ~ |" [~ Time Sort fjl
(] > F03-4 < El
O & Fo2-1
O & F03-2 il
& F06-1 El
Extract between |<Start of data> ~| [<End of data> 4
Log sampling Z Step (m) [0.1524
Log name for ‘Density’ |ty - Mod-Density Prediction | [kg/m3 (Kg/m3) I
Q Run | e Close |

Press Run to predict the missing log. In this case a Density is predicted for
the blind test well (FO6-1).
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‘ Log Plot for Well ‘F06-1° — O
Curves Parameters Plots
F06-1
TiepCi8 O
Plot 1 Plot 2 Plot 3
‘Gamma Ray (API)’ "Sonic (us/m)’ ‘Density - Mod-Density Prediction {kg.
0 20 40 60 80 100 120 250 300 350 400 450 500 55 2100 2200 2300 2400 250
_I|||||||\II\||||||||||||||||\||\|| _|\||||||||||||||||||\||||||||||| _II|\|\|||||||||||||||||||
-50 3 -50 3 -50 3
-100 3 -100 3 -100 3
150 3 150 3 150 3
200 3 200 3 200 3
250 3 -250 3 250 3
300 3 300 3 300 3
400 3 400 3 400 3
500 3 500 3 500 3
500 3 600 3 » 600 3
= -] £ -3
700 3 700 3 700 3
750 3 750 3 750 3
800 3 300 3 300 3
o 8503 o -850 3 o 3503
= w0 E = a0 = a0 E
~1000 3 1000 3 { 1000 3 1
-1050 3 41050 3 = 1050 3
1100 1100 3 1100 3 =
1150 3 1150 3 1150 3 B =
-1200 3 1200 3 1200 3
~1250 3 ~1250 3 1250 3
-1300 3 1300 3 -1300 3
1350 3 1350 3 1350 3
-1400 3 -1400 3 -1400 3
1450 3 1450 3 1450 3
-1500 3 1500 3 1500 3
-1550 3 -1550 3 1550 3
-1600 3 1600 3 1600 3
1650 3 1650 3 1650 3
1700 2 1700 3 1700 3

Eo > -

Input: Gamma and Sonic logs, Predicted: Density log
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3.3.2 Lithology Classification

This workflow is very similar to log-log prediction. The only difference is that the target

log is not a continuous value (e.g. density) but a discrete number (e.g. 1, 2, 3, 4
whereby each number represents a lithology class). The values must be integers, but
do not necessarily need to start at 0 or 1, and do not need either to be following each
other, i.e. there can be ‘gaps’ in the numbering. For details, please follow the log-log

prediction workflow.

Please note that lithology logs are relatively rare. If no lithology logs are available, we

may consider synthesizing pseudo-wells with SynthRock.

#4 Machine Learning Control Center - O Ed

Survey: F3 Demo_2020_training vi

v Workflows
Log-Log prediction

EE Wells Lithology classification

Seismic

e
Seismic +
‘ Wells
Go

} Meural Metworks
@ s

Using Custom Python 3.7.7 environment odmlpythen-cpu-mkl in C:\progs\Opel
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3.4 Seismic

Under the Seismic button you will find workflows for 3D seismic, 2D seismic and pre-

trained models that can be applied directly to seismic data sets.

% Machine Learning Control Center — O X

Survey: F3 Demo 2020 training v7

v @0 3D Seismic

E Horizon-based seismic facies
E Wells Seismic bodies (supervised ...

* Seismic Image Segmentation

Seismic Image Regression

— v 20 2D Seismic
3 T — Horizon-based seismic facies
o Seismic bodies (supervised ...

Seismic Image Segmentation
Seismic Image Regression
v Pre-trained models

Seismic + Unet 3D Fault Predictor

Wells

Neural Network

Go ...

0 Close e Help

-235-



The 2D and 3D workflows are grouped into:

* Horizon-based seismic facies: this is the original “Quick UVQ” waveform seg-
mentation workflow that can also be started from a horizon in the tree using the
Workflows-> Quick UVQ menu. Waveforms are extracted along a mapped hori-
zon and clustered into a user-defined number of clusters. The output is a wave-
form segmentation map and a match map (0 to 1) that shows the confidence in
the clustering.

* Seismic Bodies (Supervised): These are the deep learning equivalents of the
Neural Networks seismic body workflows (Chimney Cube, Salt Cube, ...). The dif-
ference is the use of a Convolutional Network instead of a shallow MLP network.
The input is a seismic image (1D, 2D, 3D) that is mapped to a single point rep-
resenting a class (e.g. Chimney-Yes or Chimney-No). The targets are given by
pointsets.

* Seismic Image Segmentation: These workflows map (1D, 2D, 3D) images to
(1D, 2D, 3D) masks of equivalent size. For example: you have a 3D seismic
volume and a 3D mask volume with values 1 where there is a fault and value 0
elsewhere. You then create a training set by extracting cubelets of say
128x128x128 samples from both volumes and you train a U-net to map seismic to
faults. Application of the trained model (to an unseen data set) delivers the
desired output: a Fault likelihood volume.

* Seismic Image Regression: These workflows map (1D, 2D, 3D) images to (1D,
2D, 3D) images of equivalent size. For example: you have a 3D Acoustic Imped-
ance volume and a 3D target volume of let’s say Pore Volume. You then create a
training set by extracting cubelets of say 128x128x128 samples from both
volumes and you train a U-net to map Acoustic Impedance to Pore Volume.
Application of the trained model (to an unseen data set) delivers the desired out-
put: a Pore volume cube.

* Unet 3D Fault Predictor: The UNet fault estimator is a powerful and super fast

tool to predict faults and fractures in seismic data. The Unet is trained on
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simulated data and applied to real data.The user does not need to train the data,
since the trained model is shipped with the ML plugin. The output will be a 3D

volume with fault 'probabilities’.
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3.4.1 Horizon-based Seismic Facies (2D and 3D)

This workflow clusters seismic waveforms along a mapped (2D or 3D) horizon, The
clustering algorithm is an Unsupervised Vector Quantizer. The workflow is described in
the OpendTect dGB Plugins Doc Chapter 3.6.5.1.1 Quick UVQ.

3.4.2 Seismic bodies (Supervised 2D and 3D)

This workflow maps a seismic image (1D, 2D, or 3D) to a single point that represents a
certain class. This is a supervised method in which the user provides the desired output
in the form of a set of pointsets. Each pointset represents a different class. Application

of the trained model delivers a classification cube (or 2D line set).

We will discuss the workflow and Ul on the basis of a 3D seismic classification into 9 dif-
ferent seismic facies classes. Each class represents a seismic class interpreted on one
line. The pointsets for each case can be picked manually, or they can be created auto-
matically using the tools in OpendTect (e.g. pointsets can be generated by sampling

between mapped horizons, or by sampling inside interpreted 3D bodies).

In this case the point sets were copied from the MalenoV example by: Rutherford Ild-
stad, C., and Bormann, P., 2017. MalenoV: Tool for training and classifying SEGY seis-

mic facies using deep neural networks: https://github.com/bolgebrygg/MalenoV.
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Extract Data:

4 Seismic Classification - ] X
Extract Data ~ Train  Apply
| <Input Data> | © select ...
Output Deep Learning Example Data ‘ v ‘ © Select ... ]

4 Proceed >> Q Close 0 Help

Press the Select button to start the extraction process for the input data.

The “Deep Learning Class Definition” window pops up. In this window a table is con-
structed with examples for each of the classes. In the example window there are nine
classes. The model will be trained to classify the response into the numbers 1, 2, ..., 8,
9. Press the + icon. This pops up another (similar looking) window: the “Specify

Example Locations window”.
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P Deep Learning: Class Definition — O X
Class Example data Locations Surveys ~ @
1 multi_else_ilxI [1] 'multi_else_ilxI' 20070 1 f‘
2 multi_grizzly_ilxl [1] 'multi_grizzly_ilxI' 18257 1 ﬂ
3 multi_high_amplitude_ilxI [1] 'multi_high_amplitude_ilxI' ~ 13283 1 i
4 multi_low_amplitude_ilxI [1] 'multi_low_amplitude_ilxI' 19010 1 H
5 multi_high_amp_continuous_ilxl [1] ... 13366 1
6 multi_low_amp_dips_ilxI [1] 'multi_low_amp_dips_ilxI' 17991 1
7 multi_low_coherency_ilxl [1] 'multi_low_coherency_ilxI' 21433 1
8 multi_salt_ilxI [1] 'multi_salt_ilxI" 7499 1
9 multi_steep_dips_ilxI [1] 'multi_steep_dips_ilxI' 10202 1 v
o Proceed [Input Data Selection] >> 0 Close
P Specify Class Example Locations - [} X
Survey PointSets Locations @
1 F3_Demo_2018 ‘'multi_low_amplitude_ilxI' 19010 -f*
2
«
Class Name | multi_low_amplitude_ilx|
o OK 0 Cancel

Each class is constructed in the “Specify Example Locations” window.

Press the + icon and select the point set with the picked locations for this class in the

“Select Pointset window" (shown below).
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| $% Select PointSet @ 'F3_Demo_2018' — O X |

| Survey Data Root | D:\Surveys v © select...

Survey F3_Demo_20‘|9 ~
F3_Demo_2020_Paul
F3_Demo_Fault_Extraction_2018

| F3_SynthRock_Profile_LightWeight
Maui-NZ_Channels_2018
Maui_wells_only

Nadine Vac Pumn

[m] - * M Time Sort € #

L] multi_high_amplitude_ilxI small N
[ multi_high_amp_continuous_ilxI “
[ multi_high_amp_continuous_ilxI small [+ |
[ multi_low_amplitude _ilxI E

L] multi_low_amplitude_ilxl small
. multi_low_amp_dips_ilxI
[ multi_low_amp_dips_ilxl small
[1 multi low coherency ilxl

@ Cancel 0 Help

Press OK to return to the “Specify Example Locations” window. Repeat this process if
you want to add more examples from other point sets. These point sets can be located
in different surveys. For example, if you have created Chimney Cubes in the past and
you saved the Chimney-Yes and Chimney-No point sets, you can re-use these to train

a deep learning model on all these examples.

Both the Class Examples and the Class Definition selections can be Saved, retrieved
(Open) and modified (Edit) using the corresponding icons below the + icon. Remove

deletes the respective selection file from the database.

When you have selected all point sets for one class press OK to return to the “Deep
Learning Class Definition” window. Repeat the process until all examples for classes
are defined and press Proceed (Input Data Selection). The “Input seismic for pre-

diction” window pops up.
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P+ Input seismics for prediction - current survey
| Use 3D data v
l (=] - * ‘ Time Sort € #

[ 1_Original_seismic ~
4 Dip steered median filter

[J 5 chimneyCube

[] 7a Al Cube Std

[] 8a PorosityCube from HC-NN

] 9-8 UVQB Hor 4-8 segment

[ dsmf

"1 Fdae Presarved Smoathina line 300

sl & J

Select the input seismic data and press OK.

P+ Input Data

Q Cancel

Survey Input 1
1 F3_Demo_2018 4 Dip steered median filter

Edge/Gap Policy ® Exclude incomplete O Add data

Output Deep Learning Example Data ‘ v ‘ 9 Select ...

Stepouts [Inl: 8 e 2z 18 2| Zstep (ms) |4

° Proceed >> 0 Close

In the “Input Data” select the dimensions of the input data.

|
= Apply

Stepouts are the number of samples on either side of the evaluation point. Examples:

Inl: 8; Crl: 8, Z: 16 extracts cubelets of 17x17x33 samples.

Inl: O; Crl: 16, Z: 8 extracts 2D images along inlines with dimensions 33x17 samples.

Edge/Gap policy determines how to treat incomplete examples. The default is to

exclude incomplete data. Add data copies neighboring samples to complete the

example.
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Specify the name of the Output Deep Learning Example Data and press Proceed to

start the extraction process.

When this process is finished you are back in the “Seismic Classification” start window.

The Proceed button has turned green. Press it to continue to the Training tab.

B4 Seismic Classification - O X

Extract Data  Train  Apply

Input Deep Learning Example Data |test classification v ‘ e Select ... IE‘

Training Type [] New ] Resume [] Transfer

Output Deep Learning Model | V‘ e Select ... II‘

Training  Parameters

Machine learning platform:

Keras (tensorflow) v

|| Clear Tensorboard log files

500 J0F

QProceed >> ‘ QCIose H oHeIp ‘
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Training:

When you already have stored data, you can start in the Training tab with Select train-

ing data (Input Deep Learning Example data).

Under the Select training data there are three toggles controlling the Training Type:

* New starts from a randomized initial state.

* Resume starts from a saved (partly trained) network. This is used to continue
training if the network has not fully converged yet.

* Transfer starts from a trained network that is offered new training data. Weights
attached to Convolutional Layers are not updated in transfer training. Only

weights attached to the last layer (typically a Dense layer) are updated.

After the training data is selected the Ul shows which models are available. These mod-

els are divided over two platforms: Scikit Learn and Keras (TensorFlow).

Check the Parameters tab to see which models are supported and which parameters

can be changed. From Scikit Learn we currently support:

1. Logistic
a. Logistic Regression Classifier
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2. Ensemble Methods
a. Random Forests
b. Gradient Boosting
c. Adaboost
d. XGBoost
3. Neural Networks
a. Multi-Layer-Perceptrons
4. Support Vector Machines
a. Linear
b. Polynomial
c. Radial Basis Function
d. Sigmoid

For parameter details we refer to: https://scikit-learn.org/stable/user guide.html

From Keras (TensorFlow) we currently support the classic LeNet Convolutional

Neural Network for log-log prediction.

- 246 -


https://scikit-learn.org/stable/user_guide.html

$% Seismic Classification — O X

Extract Data  Train Apply

Input Deep Learning Example Data | test classification N 6 Select ... |
Training Type New ] Resume [ Transfer
Output Deep Learning Model | v ‘ e Select ...

Training  Parameters

Type
dGB LeNet classifier v

Batch Size

B0 QE ~

32 v

Epochs: 15

| Patience: 5

Initial Learning Rate (1e): -4

Epoch drop (%): 33.33

Size: 5.37 GB
Decimate input

#| Train on GPU

Back

4 Proceed >> 0 Close 9 Help

The dGB LeNet regressor is a fairly standard Convolutional Neural Network that is

based on the well-known LeNet architecture (below).
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The following training parameters can be set in the Parameters tab:

Batch Size: this is the number of examples that are passed through the network after
which the model weights are updated. This value should be set as high as possible to
increase the representativeness of the samples on which the gradient is computed, but
low enough to have all these samples fit within the memory of the training device (much
smaller for the GPU than the CPU). If we run out of memory (raises a python

OutOfMemory exception), lower the batch size!

Note that if the model upscales the samples by a factor 1000 for instance on any layer
of the model, the memory requirements will be upscaled too. Hence a typical 3D Unet
model of size 128-128-128 will consume up to 8GB of (CPU or GPU) RAM.

Epochs: this is the number of update cycles through the entire training set. The num-
ber of epochs to use depends on the complexity of the problem. Relatively simple CNN
networks may converge in 3 epochs. More complex networks may need 30 epochs, or
even hundreds of epochs. Note, that training can be done in steps. Saved networks can

be trained further when you toggle Resume.

Patience: this parameter controls early stopping when the model does not change any-

more. Increase the patience to avoid early stopping.
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Initial Learning rate: this parameter controls how fast the weights are updated. Too
low means the network may not train; too high means the network may overshoot and

not find the global minimum.

Epoch drop: controls how the learning rate decays over time.

Decimate Input: This parameter is useful when we run into memory problems. If we
decimate the input the program will divide the training examples in chunks using ran-
dom selection. The training is then run over chunks per epoch meaning the model will
eventually have seen all samples once within one epoch, but only no more than one

chunk of samples will be loaded in RAM while the training is performed.

After model selection, return to the Training tab, specify the Output Deep Learning
model and press the green Run button. This starts the model training. The Run button

is replaced in the Ul by Pause and Abort buttons.

The progress of Keras / TensorFlow runs can be monitored in TensorBoard, which
automatically starts up in your default browser. Please note that it may take a few
minutes before TensorBoard has gathered the information that is gathered during train-
ing. As all TensorBoard information on your machine is retrieved for all current and his-
toric runs it is recommended to clear the TensorBoard log files from time to time. You

can do this with the Clear TensorBoard log files toggle before any Run.
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TensorBoard SCALARS  GRAPHS

[C] show data download links Q, Filter tags (regular expressions supported)

Ignore outliers in chart scaling
epoch_accuracy

Tooltip sorting method: default v
epoch_accuracy
Smoothing .
® 06 0.96
0.92
Horizontal Axis 0.88
RELATIVE WALL o.84
0.8
Runs

ra
La

Write a regex to filter runs

9) F3_Demo_2019_run1_2020-08-30T13m02 epoch_loss
\train B

o F3_Demo_2019_run1_2020-08-30T13m02
\validation epoch_loss

TOGGLE ALL RUNS 08
D:\Surveys\MachineLearning\malenov_input_ 06
8x8x16_Aug_2020 i

0.4
0.2
0

ra
La

epoch_lIr
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$% Seismic Classification — O

X

Extract Data  Train  Apply

Input Deep Learning Example Data |test classification V‘ e Select ...

Training Type New ] Resume [ Transfer

-

Output Deep Learning Model | test classification v ‘ e Select ...

Training Parameters

Machine learning platform:

Keras (tensorflow) v

|| Clear Tensorboard log files

m

000D~

QProceed >> ‘ QCIose H eHeIp ‘

The progress can be also followed in a text log file. If this log file does not start auto-

matically, please press the log file icon in the toolbar on the right-hand side of the win-
dow.
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Below the log file icon there is a Reset button to reload the window. Below this there
are three additional icons that control the Bokeh server, which controls the com-
munication with the Python side of the Machine Learning plugin. The server should
start automatically. In case of problems it can be controlled manually via the Start and
Stop icons. The current status of the Bokeh server can be checked by viewing the

Bokeh server log file.

When the processing log file shows “Finished batch processing”, you can move to the

Apply tab.
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Apply:

Once the Training is done, the trained model can be applied. Select the trained model

and press Proceed.

P4 Seismic Classification — O X

Extract Data Train Apply
Survey Data Root ‘ D:\Surveys V‘ 9 Select ...

Survey F3_Demo_201 9 &
F3_Demo_ 2020 Paul
F3_Demo_Fault_Extraction_2018
F3_SynthRock_Profile_LightWeight
Maui-NZ_Channels_2018
Maui_wells_only
Nadine_Vac_Pump

Penobscot_d55 demo_prestack
Primero_d59

Rotterdam3D

SEGSalt2_d55

Segundo_Demo_Chimneys
Tarcern Nemn FCF

* ‘ Time Sort € #

test_classification_model ]

=l &

Name: test_classification model.
Type: Seismic Classification.
Data Type: 3D Volume.

Number of inputs: 1.

Number of possible outputs: 11.
Main output: Classification.
Created by: paul.

Created at: Mon 24 Aug 2020, 15:08:07.
T.aat Madifiad: Tna 25 Ana 2020 12-45-1N

o Proceed >> B Close 0 Help
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Pv Apply 'test_classification_model’ - O X |
Input Cube ['4 Dip steered median filter] 4 Dip steered median filter N e Select ...
Volume subselection | R: 100/300 - 750/1250. (463 sample) | © Sselect ... ‘
Output prefix ‘test_classification_model ‘ v
[ Output 'Classification’ | test classification model - Classification € Select.. | CBVS
[ Output 'multi_else_ilxI'  test classification model - multi else ilxl - | &) Select.. | CBVS
[ output 'multi_grizzly_ilxI' st classification model - multi arizzly ilxl ~ &) Select.. | CBVS
O Output 'multi_high_amp_ilxl'  classification model - multi high amp ilxl ~ U Select ... | ® CBVS
] output 'multi_high_amp_continuous_ilxI' 1 model - multi hiah amp continuous ilxl ~ = Select... % CBVS
] Output 'multi_low_amp_ilxI'  classification model - multi low amp ilxl ~ | & Select... | CBVS
[] Output 'multi_low_amp_dips_ilxI' sification model - multi low amp dips ilxl U Select ... | ® CBVS
[ output 'multi_low_coherency_ilxI' ification model - multi low coherency ilxl v | &) Select... | CBVS
[ output 'multi_salt_ilxI'  test classification model - multi salt ilxl £ Select.. |# CBVS
[1 output 'multi_steep_dips_ilxI' lassification model - multi steep dips ilxl ~ U Select ... | | i CBVS
[J Output "Confidence’  test classification model - Confidence £ Select... | | CBVS
Batch size 32 ©
Predict using GPU
Execute in Batch 4 Options ...
o Run e Close

The Apply window pops up. Here you optionally apply to a Volume subselection. You
can output a Classification Volume (values 1 to 9 in this case), a Confidence volume
and Probability volumes for each of the output classes. Each output is stored in a sep-
arate cube in CBVS format, or SEGY format. The names of all outputs are given the
same Output prefix. To change the prefix for all selected output cubes, press the fun-

nel icon next to the prefix name.

Probability is simply the output of the prediction node which ranges between 0 and 1.
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Confidence is computed as the value of the winning node minus the value of the

second best node.

The Batch size is only important for the speed. If the batch size is set too high you may
run out of memory (GPU or CPU depending on the Predict using GPU toggle). Run-
ning the application on a GPU is many times faster than running it on a CPU. Press Run
to create the desired outputs. The image below is taken from a seismic facies Clas-

sification cube generated in this way.

Output of the trained model: seismic facies cube.
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3.4.3 Seismic Image Segmentation (Supervised
2D and 3D)

A Segmentation model maps a seismic image (1D, 2D, or 3D) to a labelled image

(mask) of similar size where the output has discrete values (Oor 1,0r 1, 2, ..., N).

These workflows are categorized as supervised methods in that the input data set(s)

and the target data are provided to facilitate training. For example, if you have a 3D seis

mic volume and a target 3D volume with values 1 at fault planes and 0 elsewhere, you
can extract (2D images or 3D cubelets) from both volumes to create a model for fault
prediction. Application of the trained model delivers a segmentation volume (3D seis-
mic) or aline set (2D seismic). We will discuss the workflow and user interface com-

ponents on the basis of a 3D example.

The objective is to predict geologically meaningful layers from seismic input. We will

train a Unet on 2 input features:

1. 2D synthetic seismic images (128 x 128 samples)

2. 2D images of Two-Way-Time (TWT also of 128 x 128 samples)

The desired output are 2D images (128 x 128 samples) containing labels (1 to 8). The
reason for using TWT in addition to the seismic input feature is to help the model find
the logical order in the segments (layers are stacked: 1 is on top; 8 is the lowest). The

trained Unet is applied to real 3D data. The output is a 3D segmented volume. If suc-
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cessful, this workflow can be applied to quickly segment unseen seismic volumes with

similar geology. The Figure below shows the synthetic data.

Synthetic data over the city of Delft. The synthetic data set was created in
OpendTect from a set of interpreted 3D horizons and 2 wells with Acoustic Impedance
logs. The logs were interpolated in the Volume Builder. The synthetic seismic volume,
interval labels volume (mask) and Two-Way-Time volume were created in the attribute
engine. Seismic inline through DEL-08 shows synthetic seismic co-rendered with target
labels. Seismic crossline through PNA-15 shows synthetic seismic co-rendered with

Two-way time.
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$ Machine Learning Control Center

Survey: Delft ML _test

v @0 3D Seismic

E Horizon-based seismic facies
E Wells Seismic bodies (supervised 3D)

* Seismic Image Segmentation

v Pre-trained models
Unet 3D Fault Predictor

Seismic

W
Seismic +
- Wells

=

Neural Networks

Go ... ‘

@ Close 9 Help

Using Custom Python 3.7.7 environment odmlpython-cuda10 in C:\Progs\Open

Select the Seismic Image Segmentation workflow and press Go.
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Extract Data:

$% Seismic Image Transformation

Extract Data Train Apply

‘<Input Data> ‘ © Select ...

Output Deep Learning Example Data ‘ ~ ‘ 9 Select ...

Q Proceed >> 0 Close
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Press the Select button to start the extraction process for the input data.

The “Deep Learning Target Seismic Definition” window pops up. Press the + icon and
select the target seismic volume containing the labels. In the example this volume is

called “classification”.

Note, it is possible to create a Training Set from examples extracted from multiple sur-
veys. To do this, press the + icon again and select the target volume to add to the table

below. Repeat until you have selected all data sets to use.

The selection can be Saved, retrieved (Open) and modified (Edit) using the cor-

responding icons. Remove deletes the selection file from the database.

v Deep Learning: Target Seismics Definition - O
Seismic Data Survey

1 classification Delft_ML_test

0 Proceed [Input Data Selection] >> Q Close

When you are done press Proceed (Input Data Selection). The “Input seismic for pre-

diction” window pops up.
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P4 Input seismics for prediction - current survey - O X

Input Seismics @ Specify now O Read Saved Setup

[m] -~ | | A Time Sort € #

[ ML_U-Net_horizons_from_real_seismic Al
[ ML_U-Net_horizons_from_synthetics

[ PCA_111+Planarity Ii
[ PCA_114_MF111+Planarity_SEG2019 E

[ Reverse Polarity highres

[ Reverse Polarity lowres

[0 RGT_from_HC_model-driven

[ Seismic

[ seismic filled holes U-Net-0x128x128

[ Seismic with random missing traces as zeros
[ Synthetic Seismic Reverse polarity

Synthetic Seismic Reverse polarity from Al_DEL-C
[ Synthetic Seismic Reverse polarity_Dec_2019
O 1L

[ Unet classification from seismic

Z(s)

< >

° OK e Cancel

Select the input seismic data and press OK.

e
&

Survey Input 1 Input 2 >
1 Delft_ML_test Synthetic Seismic Re ~ Z(s) : o
Images Dimensions Inl:0 % Cr:128 ; 7:128 1
Inline Range 2500 - 2950 - Step 1 = Owverlap (%) 0 = 1Step 1 Number of 451
Crossline Range 3139 |5 3607 . Step 1 » | Overlap (%) |50 - fSiep 64 Numberol 7
Time Range (ms) 0 s 2000 & Step4 =] Owerlap (%) |0 =] fSiep 512 Number of |4

Total number of Images 12628

Output Deep Learning Example Data  classes 0x128x128 © Select ...

@ Proceed>> €3 Close ¥ Apply

In the “Input Data” window select the dimensions of the input features.

Image Dimensions are the number of samples in inline, crossline and Z directions.

Examples:
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* Inl: 0; Crl: 128, Z: 128 - extracts 2D images along inlines with dimen-
sions 128 x 128 samples
* Inl: 64, Crl: 64, Z: 64 - extracts cubelets of 6464x64 samples.

The examples (images) are extracted from the specified Inline, Crossline and Time
Ranges. Step is the sampling rate in the bin (time) directions. The Overlap determines
how much overlap there is between neighboring images. The total number of images is
given on the right-hand side of the window. You can control this number by playing with

the ranges and overlap parameters.

Specify the name of the Output Deep Learning Example Data and press Proceed to

start the extraction process.

When this process is finished you are back in the “Seismic Image Transformation” start

window. The Proceed button has turned green. Press it to continue to the Training tab.
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Training:

When you already have stored data, you can start in the Training tab with Select train-

ing data (Input Deep Learning Example data).
Under the Select training data there are three toggles controlling the Training Type:

* New starts from a randomized initial state.

* Resume starts from a saved (partly trained) network. This is used to
continue training if the network has not fully converged yet.

* Transfer starts from a trained network that is offered new training
data. Weights attached to Convolutional Layers are not updated in
transfer training. Only weights attached to the last layer (typically a

Dense layer) are updated.

After the training data is selected the Ul shows which models are available. For seismic

image workflows we use Keras (TensorFlow).

Check the Parameters tab to see which models are supported and which parameters

can be changed.
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$% Seismic Image Transformation - O X

Extract Data  Train  Apply

Input Deep Learning Example Data | Seis+Z to classes C V‘ 9 Select ... m

Training Type M New [] Resume [ Transfer

Output Deep Learning Model |1 Seis+Z 0x128x128 V‘ m

Training Parameters

Machine learning platform:

Keras (tensorflow) v

(] Clear Tensorboard log files

5000

0 Proceed >> ‘0 Close ‘ ‘ o Help ‘
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| P Seismic Image Transformation - O X

Extract Data  Train  Apply |

| Input Deep Learning Example Data | Seis+Z to classes 0x128x1 - 6 Select ... /|

Training Type 1 New [] Resume L] Transfer

Output Deep Learning Model | Unet classes from Seis+Z V‘ ©) Select ...

Training  Parameters
Type
dGB UNet v

Batch Size
16 v

B0 JME ~

Epochs: 15

Patience: 5

Initial Learning Rate (1e): -4
Epoch drop (%): 33.33

Size: 2.42 GB

Decimate input

| #| Train on GPU

Back

¢ Proceed >> Q Close 9 Help

The dGB Unet is an auto-encoder - decoder type of Convolutional Neural Network. The

architecture is shown schematically below.

- 265 -



g
o]
nm:;; - - .... :‘wlwmnn
L]
¥
¥ !
I’H H"“l mp ooy T, Fel L)
+ -. =p fogry ardd arop
-] e o ook 222
é + :j..ll-l:;-::.-...-'- 2

The following training parameters can be set in the Parameters tab:

Batch Size: this is the number of examples that are passed through the network after
which the model weights are updated. This value should be set as high as possible to
increase the representativeness of the samples on which the gradient is computed, but
low enough to have all these samples fit within the memory of the training device (much
smaller for the GPU than the CPU). If we run out of memory (raises a python

OutOfMemory exception), lower the batch size!

Note that if the model upscales the samples by a factor 1000 for instance on any layer
of the model, the memory requirements will be upscaled too. Hence a typical 3D Unet
model of size 128-128-128 will consume up to 8GB of (CPU or GPU) RAM.

Epochs: this is the number of update cycles through the entire training set. The num-
ber of epochs to use depends on the complexity of the problem. Relatively simple CNN

networks may converge in 3 epochs. More complex networks may need 30 epochs, or
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even hundreds of epochs. Note, that training can be done in steps. Saved networks can

be trained further when you toggle Resume.

Patience: this parameter controls early stopping when the model does not change any-

more. Increase the patience to avoid early stopping.

Initial Learning rate: this parameter controls how fast the weights are updated. Too
low means the network may not train; too high means the network may overshoot and

not find the global minimum.

Epoch drop: controls how the learning rate decays over time.

Decimate Input: This parameter is useful when we run into memory problems. If we
decimate the input the program will divide the training examples in chunks using ran-
dom selection. The training is then run over chunks per epoch meaning the model will
eventually have seen all samples once within one epoch, but only no more than one

chunk of samples will be loaded in RAM while the training is performed.

After model selection, return to the Training tab, specify the Output Deep Learning
model and press the green Run button. This starts the model training. The Run button

is replaced in the Ul by Pause and Abort buttons.
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$% Seismic Classification — O

X

Extract Data  Train  Apply

Input Deep Learning Example Data |test classification V‘ e Select ... m
Training Type New ] Resume [ Transfer

Output Deep Learning Model | test classification v ‘ e Select ...

Training Parameters

Machine learning platform:

Keras (tensorflow) v

|| Clear Tensorboard log files

m

000D~

QProceed >> ‘ QCIose H eHeIp ‘

The progress of Keras / TensorFlow runs can be monitored in TensorBoard, which
automatically starts up in your default browser. Please note that it may take a few
minutes before TensorBoard has gathered the information that is gathered during train-

ing. As all TensorBoard information on your machine is retrieved for all current and his-
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toric runs it is recommended to clear the TensorBoard log files from time to time. You

can do this with the Clear TensorBoard log files toggle before any Run.

TensorBoard SCALARS  GRAPHS

() Filter tags (regular expressions supported)

[C] show data download links

Ignore outliers in chart scaling epoch_accuracy
Tooltip sorting method: default v epoch_loss
Smoothing epoch_loss
P 0,6 0.3
0.2

Horizontal Axis

0.1
STEP RELATIVE WALL

0
Runs
0 2 4 6 8 10 12 14
Write a regex to filter runs = E]
D 'e) Delft_ML_test_run1_2020-08-26T13m34\tr
ain
epoch_lIr
D O Delft_ML_test_run1_2020-08-26T13m34\v
alidation
epoch_mae
Delft_ML_test_run2_2020-08-26T13m55\tr -
D O ain
D 'e) Delft_ML_test_run3_2020-08-26T13m58\tr epoch_mae
ain
D O Delft_ML_test_run3_2020-08-26T13m58\v 0.3
alidation
O g)iilft_ML_test_run4_2020—08—27T12m43\1r 02
Delft_ML_test_run4_2020-08-27T12m43\v
0.1
O alidation
TOGGLE ALL RUNS 0
D:\Surveys\MachineLearning\Seis+Z_to_classes_
0x128x128 0 2 4 6 8 10 12 14
HDER
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The progress can be also followed in a text log file. If this log file does not start auto-
matically, please press the log file icon in the toolbar on the right-hand side of the win-

dow.

Below the log file icon there is a Reset button to reload the window. Below this there
are three additional icons that control the Bokeh server, which controls the com-
munication with the Python side of the Machine Learning plugin. The server should
start automatically. In case of problems it can be controlled manually via the Start and
Stop icons. The current status of the Bokeh server can be checked by viewing the

Bokeh server log file.

When the processing log file shows “Finished batch processing”, you can move to the
Apply tab.
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Apply:

Once the Training is done, the trained model can be applied. Select the trained model

and press Proceed.

| P4 Seismic Image Transformation - O X

Extract Data Train Apply

Survey Data Root | D:\Survevs v ‘ 6 Select ...

Survey Delft_ML_test ~
Delft_ML_test_supersampled
DEMO_M-GS-Destriping_-_ODT_User_Meeting_09-24-17
Demo_Unconventional_SynthRock_SEG_2014
Dutch_Offshore_Data-Wells_ MAIN

F3_Demo_2015

F3_Demo_2019

F3_Demo_2020_Paul

[ F3_Demo_Fault_Extraction_2018

[ F3_SynthRock_Profile_LightWeight
Maui-NZ_Channels_2018

Maui_wells_only

Nadina \/ar Piimn

* "I'lmeSort 'S’

ML_U-Net_Fill_holes_0x128x128 —
Unet_classes_from_Seis+Z_0x128x128

=@

Name: Unet classes from Seis+Z 0x128x128. ~
Type: Seismic TImage Transformation.

Data Type: 3D Volume.

Number of inputs: 2.

Output: classification.

Created by: paul.

Created at: Wed 26 Aug 2020, 13:33:33.

Tast Modified: Thu 27 Aug 2020, 13:17:10.
Ohdast TN- 1NNNAN 55

Q Proceed >> 0 Close e Help
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| P+ Apply 'Unet_classes_from_Seis+Z_0x128x128' — O X

Input Cube [RGT_from_HC_model-driven] RGT from HC model-driven N e Select ...

Input Cube ['Synthetic Seismic Reverse polarity from Al_DEL-08_PNA-15'] ' Seismic v B Select...
Apply Overlap (%) [In: 10 3| [cri:10 3] [z:10 |2

Volume subselection ‘ R: 2500/3139 - 2950/3607. (1250 sample) ‘ e Select ...

Output 'classification' ‘tclassification from seismic V‘ 9 Select... % CBVS v

Predict using GPU

Execute in Batch 4 Options ...

© cue

The Apply window pops up. Here you optionally apply to a Volume subselection. You

can output a Classification Volume (values 1 to 8 in this case).

Probability is simply the output of the prediction node which ranges between 0 and 1.

Confidence is computed as the value of the winning node minus the value of the

second best node.

(You can run on GPU or CPU depending on the Predict using GPU toggle). Running
the application on a GPU is many times faster than running it on a CPU. Press Run to
create the desired outputs. The image below is taken from a seismic facies Clas-

sification cube generated in this way.
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Traininglines 2500 - 2750

Output of the trained segmentation model: seismic segmentation cube. Input fea-
tures are extracted from synthetic seismic and Two-Way-Time volumes. Images are
128x128 samples along the inline direction. The model was trained on examples extrac-
ted from inlines 2500 - 2750. Prediction is from real seismic and TWT. Model is prob-
ably overfitted. Real seismic is more variable than the synthetic data it was trained on.
Possible improvements to consider: if possible, create a synthetic model from more
real wells, apply data augmentation (i.e. randomly changing input examples, e.g. by
cropping, padding, and flipping left-right). Data augmentation requires programming in
the Python environment. For more info on programming in OpendTect Machine Learn-

ing environment, please visit this webpage.
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3.4.4 Seismic Image Regression (Super-
vised 2D and 3D)

A Seismic Image Regression model maps a seismic image (1D, 2D, 3D) to an image
with continuous values of similar size. A mapping of seismic inputs (e.g. Acoustic

Impedance) to a rock property, such as Porosity, is an example of a Regression model.

These workflows are categorized as supervised methods in that the input data set(s)
and the target data are provided to facilitate training. Application of the trained model
delivers a new volume (3D seismic) or a new attribute to a line set (2D seismic). We will

discuss the workflow and user interface components on the basis of a 3D example.

The objective of this workflow is to interpolate seismic traces where those traces are
missing. The model will have to learn how to recreate an image from example images
containing blank traces. Therefore, we need an input data set in which we have delib-
erately blanked some of the traces. In our workflow we do this by randomly blanking
approx. 33% of all traces (see caption of the image below for details on how this can be

done in OpendTect).

In this example workflow we train a 2D Unet but you can equally well train a 3D Unet.

The differences between 2D and 3D Unets are as follows:
1. A 2D model trains much faster (hours vs days)

2. 2D models can be trained on workstations with less GPU / CPU capa-

city

-274.-



3. Interpolation results are comparable although 2D interpolation may

introduce some striping (like a footprint)

4. Application of a trained 3D model is much faster than a trained 2D

model (minutes vs hours)

Randomly blanked traces. To train our 2D Unet regression model we create a data
set with 33% randomly blanked traces. From this cube we extract examples for training
in a restricted area (insert time-slice). The trained model is applied to the entire volume,
whereby the area from which no examples are extracted acts as blind test area. The
real value is of course when we apply the trained model to an area with real missing

traces (which we don’t have in this case). Random blanking (replacing the values with
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hard zeros) is done in OpendTect’s Attribute engine and can be done in different ways.
In this case: 1) Math attribute with formula: “randg(1)”. This generates random values
with a Gaussian distribution and 1 standard deviation; 2) Apply this attribute to a hori-
zon and save as horizon data; 3) Horizon attribute that retrieves the random values
from the saved horizon data. A Horizon attribute replaces a value at an inline, crossline
position with the value extracted from the given horizon; 4) Math attribute with formula:
“abs(value)> 1 ? 0: seis”. We assign the retrieved horizon data to the variable “value”
and the seismic data to “seis”. This attribute assigns values larger than the absolute
value of 1 standard deviation to zero while all other values are given the value of the

seismic data.
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P Machine Learning Control Center

Survey Delft ML_test

v 3P 3D Seismic

E Wells Horizon-based seismic facies

‘ Seismic bodies (supervised 3D)
Seismic Image Segmentation

Seismic Image Regression

]
@ Seismic v Pre-trained models
. Unet 3D Fault Predictor

- Seismic +
l Wells
Neural
Networks
Go ...

a Close e

Select the Seismic Image Regression workflow and press Go.

Extract Data:
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P+ Seismic Image Transformation - a0 X

Extract Data Train Apply

<Input Data> | © select ..

Output Deep Learning Example Data ‘ v | 9 Select ... ) O\

Q Proceed >> 8 Close 0

Press the Select button to start the extraction process for the input data.

The “Deep Learning Target Seismic Definition” window pops up. Press the + icon and
select the target seismic volume containing the labels. In the example this volume is

called “Seismic”.
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Note: it is possible to create a Training Set from examples extracted from multiple sur-

veys. To do this, press the + icon again and select the target volume to add to the table
below. Repeat until you have selected all data sets to use.

The selection can be Saved, retrieved (Open) and modified (Edit) using the cor-

responding icons. Remove deletes the selection file from the database.

$4 Deep Learning: Target Seismics Definition

Seismic Data Survey @
1 Seismic Delft_ML_test ¥ i

b

o Proceed [Input Data Selection] >> e Close

When you are done press Proceed (Input Data Selection). The “Input seismic for pre-
diction” window pops up.

= Input seismics for prediction - current survey

Input Seismics @ Specify now O Read Saved Setup
m - |*

[1 Chimney - Confidence ~

[ Fault_Likelihood_Thinned_from_DSMF_seis

[] Fault_Prob_Unet

[ Filled_Seismic_IL425

[ Porosity_Predicted_ML_RandomForests

Seismic with random missing traces as zeros

[1 Seismic with random missing traces as zeros_ v

[ I P

< >

S-EHTIN

oo

Select the input seismic data and press OK.
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Survey Input 1 =
1 Delfi_ML_test Seismic with rando ~ H
Images Dimensions  Inl; 0 =1 [Cri: 128 ={|Z:128 =
Inline Range | 2500 = 2750 > Step 2 - Owerlap (%) 50 ={ fStep 2 MNumber of 126

| Crossline Range 3133 2 3607 1 Step 1 : Owerap (%) 50 = fStep 64 Mumbaer of T
| Time Range (ms) 0 = lagon 3 Step 4 - Overap (%) 50 +| fStep 258 Number of 14
i Total number of Images 12348
| )

Output Deep Leaming Example Data ML ex seiswithholesZseis Ox128x128 < S Select ...

@ Proceed >>  )Close  w Apply

In the “Input Data” window select the dimensions of the input features.

Image Dimensions are the number of samples in inline, crossline and Z directions.

Examples:

* Inl: 0; Crl: 128, Z: 128 - extracts 2D images along inlines with dimensions 128 x 128

samples
* Inl: 64, Crl: 64, Z: 64 - extracts cubelets of 6464x64 samples.

The examples (images) are extracted from the specified Inline, Crossline and Time
Ranges. Step is the sampling rate in the bin (time) directions. The Overlap determines
how much overlap there is between neighboring images. The total number of images is
given on the right-hand side of the window. You can control this number by playing with

the ranges and overlap parameters.

Specify the name of the Output Deep Learning Example Data and press Proceed to

start the extraction process.
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When this process is finished you are back in the “Seismic Image Transformation” start

window. The Proceed button has turned green. Press it to continue to the Training tab.

Training:

When you already have stored data, you can start in the Training tab with Select train-

ing data (Input Deep Learning Example data).
Under the Select training data there are three toggles controlling the Training Type:
* New starts from a randomized initial state.

* Resume starts from a saved (partly trained) network. This is used to

continue training if the network has not fully converged yet.

* Transfer starts from a trained network that is offered new training
data. Weights attached to Convolutional Layers are not updated in
transfer training. Only weights attached to the last layer (typically a

Dense layer) are updated.

After the training data is selected the Ul shows which models are available. For seismic

image workflows we use Keras (TensorFlow).

Check the Parameters tab to see which models are supported and which parameters

can be changed.
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P Seismic Image Transformation - O X

Extract Data  Train  Apply

Input Deep Learning Example Data ‘MLﬁexﬁseiswithholes v ‘ e Select ... E

Training Type ] New ] Resume [] Transfer

Output Deep Learning Model ‘:ill holes 0x128x128 v‘ eSeIect... E

Training Parameters

Machine learning platform:

Keras (tensorflow) v

[_| Clear Tensorboard log files

5000 ®

€% Proceed >>
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P4 Seismic Image Transformation - O X

Extract Data Train Apply

Input Deep Learning Example Data ML _ex seiswithholes - e Select ... | Q\

Training Type ] New [l Resume [] Transfer

Output Deep Learning Model

sill holes 0x128x128 V‘ ©) Select ... ]

Training  Parameters
Type
dGB UNet Regression v

Batch Size
4 v

B 00 E

Epochs: 15

Patience: 5

Initial Learning Rate (1e): -4

Epoch drop (%): 33.33

Size: 1.61 GB

Decimate input

« Train on GPU

Reset Back

4 Proceed >> @ Close e

The dGB Unet is an auto-encoder - decoder type of Convolutional Neural Network. The

architecture is shown schematically below.
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The following training parameters can be set in the Parameters tab:

Batch Size: this is the number of examples that are passed through the network after
which the model weights are updated. This value should be set as high as possible to
increase the representativeness of the samples on which the gradient is computed, but
low enough to have all these samples fit within the memory of the training device (much
smaller for the GPU than the CPU). If we run out of memory (raises a python

OutOfMemory exception), lower the batch size!

Note that if the model upscales the samples by a factor 1000 for instance on any layer
of the model, the memory requirements will be upscaled too. Hence a typical 3D Unet
model of size 128-128-128 will consume up to 8GB of (CPU or GPU) RAM.

Epochs: this is the number of update cycles through the entire training set. The num-
ber of epochs to use depends on the complexity of the problem. Relatively simple CNN
networks may converge in 3 epochs. More complex networks may need 30 epochs, or
even hundreds of epochs. Note, that training can be done in steps. Saved networks can

be trained further when you toggle Resume.
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Patience: this parameter controls early stopping when the model does not change any-

more. Increase the patience to avoid early stopping.

Initial Learning rate: this parameter controls how fast the weights are updated. Too
low means the network may not train; too high means the network may overshoot and

not find the global minimum.

Epoch drop: controls how the learning rate decays over time.

Decimate Input: This parameter is useful when we run into memory problems. If we
decimate the input the program will divide the training examples in chunks using ran-
dom selection. The training is then run over chunks per epoch meaning the model will
eventually have seen all samples once within one epoch, but only no more than one

chunk of samples will be loaded in RAM while the training is performed.

After model selection, return to the Training tab, specify the Output Deep Learning
model and press the green Run button. This starts the model training. The Run button

is replaced in the Ul by Pause and Abort buttons.
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P4 Seismic Classification

Extract Data Train Apply

- O

X

Input Deep Learning Example Data ‘ test classification v | e Select ...

-

Training Type [ New [] Resume [ Transfer

Output Deep Learning Model ‘ test classification1 v|

Training Parameters

Machine learning platform:

Keras (tensorflow)

["] Clear Tensorboard log files

EOQ0E ~

m

Q'Proceed >> ‘ QCIose H eHeIp ‘
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TensorBoard SCALARS  GRAPHS

Q_ Filter tags (regular expressions supported)

[C] show data download links

Ignore outliers in chart scaling epoch_accuracy
Tooltip sorting method: default - epoch_loss
Smoothing epoch_loss
_— e 0,6 03
0.2

Horizontal Axis
0.1
STEP RELATIVE WALL

Runs

Write a regex to filter runs i

Il
£

D e) Delft_ML_test_run1_2020-08-26T13m34\tr
ain
epoch_lIr
D 0] Delft_ML_test_run1_2020-08-26T13m34\v
alidation

epoch_mae
D 9) Delft_ML_test_run2_2020-08-26 T13m55\tr

ain

I:l o) Delft_ML_test_run3_2020-08-26T13m58\tr epoch_mae
ain

D e) Delft_ML_test_run3_2020-08-26T13m58\v 0.3
alidation

0] Delft_ML_test_run4_2020-08-27T12m43\ir 0.2
ain

Delft_ML_test_run4_2020-08-27T12m43\v 01
alidation ’

TOGGLE ALL RUNS 0

D:\Surveys\MachineLearning\Seis+Z_to_classes_
0x128x128 0 2 4 6 8 10 12 14

ra
(]

(]
&

The progress can be also followed in a text log file. If this log file does not start auto-
matically, please press the log file icon in the toolbar on the right-hand side of the win-

dow.

Below the log file icon there is a Reset button to reload the window. Below this there
are three additional icons that control the Bokeh server, which controls the com-

munication with the Python side of the Machine Learning plugin. The server should
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start automatically. In case of problems it can be controlled manually via the Start and
Stop icons. The current status of the Bokeh server can be checked by viewing the

Bokeh server log file.

When the processing log file shows “Finished batch processing”, you can move to the

Apply tab.

Apply:

Once the Training is done, the trained model can be applied. Select the trained model

and press Proceed.
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aep |

%

Extract Data  Train  Apply

| Survey Data Root | D:\surveys v | © Select ...

Survey Delft_ML_test ~
Delft_ ML_test_supersampled
DEMO_M-GS-Destriping_-_ODT_User_Meeting_09-24-17
Demo_Unconventional_SynthRock_SEG_2014
Dutch_Offshore_Data-Wells_ MAIN

F3_Demo_2015

F3_Demo_2016_WCP

F3_Demo_2019

F3_Demo_2020_Demo

F3_Demo_Fault_Exfraction_2018
F3_SynthRock_Profile_LightWeight

GK_Multiples

GK Multinles ald v
* ‘),

ML_U-Net_Fill_hole-in-the-middle_0x128x128 ]
ML_U-Net_Fill_hole-in-the-middle_from_random_trenches_0x128x128
ML_U-Net_Fill_holes_0x128x128 o
ML_U-Net_Fill_holes_0x80x80 E
ML_U-Net_Fill_large_gaps_0x128x128
ML_U-Net_Fill_large_gaps_0x128x128_2500-2750
Unet_RGT_from_Seis+Z_0x128x128
Unet_RGT_from_Seis+Z_0x16x502

Name: ML_U-Net Fill holes_0x128x128. @

Type: Seismic Image Transformation.

Data Type: 3D Volume.

Number of inputs: 1.

OQutput: Seismic.

Created by: paul.

Created at: Thu 30 Jul 2020, 10:47:08.

Last Modified: Tue 27 Oct 2020, 14:47:30.

Obdect TD: 100060 52 i

Q Proceed >> g Close e
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P4 Apply 'ML_U-Net_Fill_holes_0x128x128' — ] X

Input Cube ['Seismic with random missing traces as zeros'] Seismic with random missing traces as zeros v e Select ...

Apply Overlap (%) [Inl: 10 '3 (cr:10 3 (z210 %
Volume subselection |All | © select...
Output 'Seismic' ‘x128x128 date 27-10-2020 V‘ © Select... 1 CBVS v

Predict using GPU |
Execute in Batch | Options ...

Q Run Q Close

The Apply window pops up. Here you optionally apply to a Volume subselection.

You can run on GPU or CPU depending on the Predict using GPU toggle. Running
the application on a GPU is many times faster than running it on a CPU. Press Run to
create the desired outputs. The images below compare the original data with the Unet

reconstructed result from input with blanked traced. The line is extracted from the blind
test area.
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Inline 2900 (original data
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Inline 2900 (blanked traces
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Inline 2900 (Unet filled)
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3.4.5 Pre-trained Models

P Machine Learning Control Center — O X

Survey: F3_Demo_2018

v 8P 3D Seismic
E Horizon-based seismic facies
E Wells Seismic bodies (supervised 3D)
‘ Seismic Image Segmentation
Seismic Image Regression
v 2B 2D Seismic
Horizon-based seismic facies
Seismic Seismic bodies (supervised 2D)
Seismic Image Segmentation
Seismic Image Regression

v Pre-trained models

Unet 3D Fault Predictor
Seismic +
Wells

Neural Networks

Go ...

@ Close 9 Help

The pre-trained model currently supported in Opendtect is the Unet 3D Fault Pre-
dictor, is a powerful and super fast tool to predict faults and fractures in seismic data.
This model was trained on synthetic seismic cubelets of 128x128 x 128 samples. The

user does not need to train the data since this pre-trained model, shipped with the
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ML plugin, can be applied AS IS to unseen real seismic volumes. The output will be a

3D volume with fault 'probabilities’.

To use this pre-trained model, select the Unet 3D Fault Predictor and press Go ...

2% Apply 'Unet 3D Fault Predictor’ - O X
Input Cube ['Seismic Data'] 4 Dip steered median filter 37 9 Select ...
Apply Overlap (%) In: 10 3| ci:10 2| z:10 2]
Volume subselection | R: 100/300 - 750/1250. (463 sample) O select ...
Output 'Fault Volume' ‘ Fault Volume V| €) Select... 1 CBVS i

Predict using GPU

Execute in Batch | Options ...

0 Run Q Close

The Apply window pops up. Select the Input (Seismic Data) volume. The Overlap %
is the percentage of overlap in Inline, Crossline and Z ranges of the images that are
passed through the model. Optionally you can apply the trained model to a Volume

subselection. Specify the output name of the Fault “Probability” Volume.

Predict using GPU is the default because this is much faster than predicting using

CPU. Switch the toggle off if you do not have sufficient GPU memory to use this mode.

We do recommend enhancing the seismic before applying the Unet. Users can choose
to remove any undesired noise from their seismic data by either using our dip steering

median filter or the edge preserving filter which is part of the fault and fracture plugin.

The input cube is the seismic amplitude volume with 128x128x128 dimension in the

inline/crossline/Z directions and the output will be a fault probability volume. Results of

- 295 -



the Unet can be thinned in OpendTect by applying the Skeletonization (thinning
algorithm).

Figure 1. Original seismic (above).
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Figure 3. Results of the Unet Fault Predictor after applying the thinning.

Faults are clearly imaged on both section and time slice.

For a different angle on the results, the image below is taken from an unthinned Fault

Probability cube generated in this way.

Output of the Unet 3D Fault Predictor on F3 Demo.
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3.5 Seismic + Wells models

The aim of seismic + wells workflows is to predict a well log property from seismic input
features. Input and target can either come from real wells and real seismic features

(e.g. elastic impedance data) or from synthetic data created by SynthRock.

% Machine Learning Control Center — (| X

Survey: F3 Demo 2020 training v/

v 30 3D Seismic

E Rock Property Prediction
*E Wells v 20 2D Seismic

Rock Property Prediction

Seismic

Seismic +
Wells

Neural Network

Go ...

9 Close 9 Help
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We will explain the user interface on the basis of a simple example in which we create a

Porosity volume from an inverted Acoustic Impedance volume.

Please note that the current implementation of this workflow only accepts input fea-
tures from the seismic side (most often in Two-Way-Time) while target features are
extracted from well logs (in depth). This is not desirable because to extract matching
inputs and targets the well ties must be perfect. This is never the case. As we only need
to find a relationship between Acoustic Impedance and Porosity it makes sense to
extract both inputs and targets from logs. In this case: Acoustic Impedance logs and
corresponding Porosity logs. This ensures alignment over the entire well track. Applic-
ation of this relationship (the trained model) will transform the Al volume to a Porosity

volume with the same mis-ties inherent in the Al volume.

The workflow described above will be implemented in the near future. Training data can
then be extracted from real wells and from pseudo-wells created with SynthRock. The
workflow can already be emulated in OpendTect albeit a bit cumbersome. It requires a
few extra data preparation steps: use the LogCube option to convert the input Al logs
to pseudo-seismic cubes at 4ms sampling (you can even use and create extra attribute
cubes from them like log of Al, sqgrt of Al, derivative of Al with depth etc. to have more
input features). Before using these cubes to predict porosity in the Seismic+Wells Ul,
you might want to apply a low pass filter to have them at the same frequency as the
inverted Al.

Let's follow the workflow as implemented in the current release without such pre-
processing steps. We have 4 wells with Porosity logs. Select the workflow and press
Go...
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Extract Data:

P+ Specify Log Data to Predict - O X
Survey Data Root ‘ D:\Surveys V‘ & Select ...
Survey  F3_Demo_2019 ~
F3_Demo_2020_Paul
F3 Demo_ Fault Extraction_2018

. F3_SynthRock Profile _LightWeight
[ Maui-NZ_Channels_2018

Maui wells onlv v
£ >

Target Log | Porosity v

"'

* | 4 Time Sort € #
F02-1 .
F03-2

F03-4 Ii

F06-1

G OK 9 Cancel

Select the Target Log. In this demo exercise we select all four wells for training. In a

real study we recommend reserving at least one well as blind test well (Validation Set).
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P4 Deep Learning: Target Log Definition

Survey Log Name Wells @
1 F3_Demo_2018 Porosity [4] 'F02-1', 'F03-2', 'F03-4' and 'F06-1' f"

° Proceed [Input Data Selection] >> 0 Close

It is possible to create a training set from wells stored in multiple projects. To select
wells from the next project, press the + icon and repeat this exercise until we have
selected all wells from all surveys for this training set. Optionally, save the well selec-

tions for later

The selection can be Saved, retrieved (Open) and modified (Edit) using the cor-

responding icons. Remove deletes the selection file from the database.

Hitting the Proceed [Input Data Selection], pops-up the Input seismics for pre-

diction window:

> Input seismics for prediction - current survey - O X

Input Seismics @ Specify now O Read Saved Setup |
| .

Use 3D data v
E"* "I"ImeSort 'S
] 4 Dip steered median filter A

] 5 ChimneyCube

7a Al Cube Std

[] 8a PorosityCube from HC-NN

[J 9-8 UVQ6 Hor 4-8 segment

| [ dsmf

[] Edge Preserved Smoothing line 300

11 M

El @ ]

Q, OK Q Cancel

Select the input feature(s). In this case only one volume is selected: the Acoustic

Impedance Cube with name “7a Al Cube std”. Press OK.
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P4 Input Data - m|

Survey Input 1

Db .

1 F3_Demo_2018 7a Al Cube Std v

Extract between [H FS8 v Il Fs4 v

Log sampling Z Step (m)
Stepouts ‘Inl: 4 3 ‘ ‘Crl: 4 3 ‘ ‘Z: 8 2 ‘ Z step (ms) |4

Edge/Gap Policy ® Exclude incomplete O Add data

Output Deep Leamning Example Data -osity from Al 4x4x8 | € Select...

Qoo = somy

In this window, the desired input volume(s) are selected.

The Log sampling Z step (m) depends on the velocity. We have seismic in TWT and
logs in depth. We want to have roughly the same sampling rates for both (we can
ensure this, as well as perfect alignment if we use the LogCube preprocessing steps

explained above). In this case we set the step to 5m.

The Stepout parameters specify how many samples above and below each evaluation
point will be extracted and how many traces in inline and crossline steps around the
well track will be extracted. The steps in inline and crossline directions multiply our
examples. Each example has slightly different seismic characteristics but the target

porosity value at each position along the track is the same.

To extract only in a zone of interest, we can select the corresponding markers to
Extract between a pair of specified start and end points. If left to defaults, the entire log

will be used.

The Edge/Gap Policy controls how we handle examples with missing input features.
With a Stepout of 10 we need 10 samples above and 10 samples below each pre-
diction point. The default Exclude incomplete will not return a value meaning we lose
10 samples above and 10 samples below each gap. If the toggle is set to Add data, the

value at the edge of an input feature is copied Stepout times to ensure the model can
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make a prediction at the edge. In other words the predicted log covers the same inter-

val as the input logs (gaps do not increase).

Specify an output name for the Deep Learning Example Data (the Training Set) and

press Proceed.
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S Property Prediction from Seismic - O X

|<Input Data> ‘ e Select ...
Qutput Deep Learning Example Data |'ositv from Al 4x4x8 V‘ e Select ... m

Extract Data Train Apply

‘Q Proceed >> ‘ ‘ 9 Close ‘

Press Proceed to continue to the Training tab.
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Training:

When we already have stored the extracted data for training, we can move on to the
Training tab with Select training data (Input Deep Learning Example data). After the

training data is selected the Ul shows which models are available.

; P+ Apply 'ML_Porosity_from_AI_RF_100x50' — O X
' Input Cube ['7a Al Cube Std'] 7a Al Cube Std i 9 Select ...
!
Volume subselection | R: 100/300 - 750/1250. (183 sample) - © select ...
Output 'Porosity' | Porosity from Al by RF 1 V| 9 Select... % CBVS v

Execute in Batch . Options ...

0 Run @ Close

Under the Select training data there are three toggles controlling the Train-

ing Type:

* New starts from a randomized initial state.

* Resume starts from a saved (partly trained) network. This is used to
continue training if the network has not fully converged yet.

* Transfer starts from a trained network that is offered new training
data. Weights attached to Convolutional Layers are not updated in
transfer training. Only weights attached to the last layer (typically a

Dense layer) are updated.

The supported models are divided over two platforms: Scikit Learn and Keras

(TensorFlow).
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Check the Parameters tab to see which models are supported and which parameters

can be changed. From Scikit Learn we currently support:

1. Linear Regression

a. Ordinary Least Squares
2. Ensemble Methods

a. Random Forests

b. Gradient Boosting

c. Adaboost

d. XGBoost
3. Neural Networks

a. Multi-Layer-Perceptrons
4. Support Vector Machines

a. Linear

b. Polynomial

c. Radial Basis Function

d. Sigmoid

Our best results have been generated with Random Forests and XGBoost (eXtreme
Gradient Boosting of Random Forest Models). Random Forests build a bunch of trees
at once and average the results out at the end, while gradient boosting generates and
adds one tree at a time. Because of this gradient boosting is more difficult for parameter
tuning, but since it goes more in depth, it could result in higher accuracy for complicated

or imbalanced datasets.

From a statistics point of view, a Random Forest is a 'bagging' algorithm, meaning that
it combines several high variance, low-bias individual models to improve overall per-

formance. Gradient boosting is a 'boosting' algorithm, meaning that it combines several
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high-bias, low variance individual models to improve overall performance. For para-

meter details we refer to: https://scikit-learn.org/stable/user gquide.html

$4 Property Prediction from Seismic - O X

Extract Data  Train  Apply

Input Deep Learning Example Data | ML Porosity from A V‘ e Select ... m

Training Type New ] Resume [ Transfer

Output Deep Learning Model | v ‘ m

Training  Parameters @
Type
Ensemble v %
Model
Random Forests v

Estimators: 100

Max Depth: 50

Back

Q Proceed >>
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After model selection, return to the Training tab, specify the Output Deep Learning
model and press the green Run button. This starts the model training. In this tab, the

Run button is now replaced by Pause and Abort buttons.

The progress can be followed in a text log file. If this log file does not start automatically,

please press the log file icon in the toolbar on the right-hand side of the window.

Below the log file icon there is a Reset button to reload the window. Below this there
are three additional icons that control the Bokeh server, which controls the com-
munication with the Python side of the Machine Learning plugin. The server should
start automatically. In case of problems it can be controlled manually via the Start and
Stop icons in the side ribbon. The current status of the Bokeh server can be checked

by viewing the Bokeh server log file.

When the processing log file shows “Finished batch processing”, you can move to the
When the processing log file shows “Finished batch processing”, you can move to the
Apply tab.tab.

The following section describing training of a Keras model is given for completion's

sake.
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$4 Property Prediction from Seismic - O X

Extract Data  Train Apply
‘ Input Deep Learning Example Data | ML Porosity from A ~ 9 Select ... ] ‘

Training Type New ] Resume [ Transfer

E Output Deep Learning Model | from Al RF 100x50 V‘ e Select ... ]

! Training  Parameters
Type

dGB LeNet regressor v

Batch Size
32 v |

00 E

Epochs: 15

Patience: 5

Initial Learning Rate (1e): -4

Epoch drop (%): 33.33

Size: 4.06 MB
Decimate input

# Train on GPU

Back

i Proceed >> @ Close

The dGB LeNet regressor is a fairly standard Convolutional Neural Network that is
based on the well-known LeNet architecture (and available in Keras-TensorFlow) It
should be noted that satisfactory seismic-log prediction results have not been gen-

erated with this model. It is included here to give researchers a starting point for
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seismic-log prediction with Keras / TensorFlow models. We encourage workers to use
this model as a starting point, and perhaps find a better one (that we will gladly add to

the list of supported models.)

The following training parameters can be set:

Batch Size: this is the number of examples that are passed through the network after
which the model weights are updated. This value should be set as high as possible to
increase the representativeness of the samples on which the gradient is computed, but
low enough to have all these samples fit within the memory of the training device (much
smaller for the GPU than the CPU). If we run out of memory (raises a python

OutOfMemory exception), lower the batch size!

Note that if the model upscales the samples by a factor 1000 for instance on any layer
of the model, the memory requirements will be upscaled too. Hence a typical 3D Unet
model of size 128x128x128 will consume up to 8GB of (CPU or GPU) RAM.

Epochs: this is the number of update cycles through the entire training set. The num-
ber of epochs to use depends on the complexity of the problem. Relatively simple CNN
networks may converge in 3 epochs. More complex networks may need 30 epochs, or
even hundreds of epochs. Note, that training can be done in steps. Saved networks can

be trained further when you toggle Resume.

Patience: this parameter controls early stopping when the model does not change any-

more. Increase the patience to avoid early stopping.

Initial Learning rate: this parameter controls how fast the weights are updated. Too
low means the network may not train; too high means the network may overshoot and

not find the global minimum.
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Epoch drop: controls how the learning rate decays over time.

Decimate Input: This parameter is useful when we run into memory problems. If we
decimate the input the program will divide the training examples in chunks using ran-
dom selection. The training is then run over chunks per epoch meaning the model will
eventually have seen all samples once within one epoch, but only no more than one

chunk of samples will be loaded in RAM while the training is performed.

After model selection, return to the Training tab, specify the Output Deep Learning
model and press the green Run button. This starts the model training. In this tab, the

Run button is now replaced by Pause and Abort buttons.

The progress of Keras / TensorFlow runs can be monitored using TensorBoard, which
automatically starts up in your default browser. Please note that it may take a few
minutes before TensorBoard has gathered enough information to present training pro-
gress charts. It is recommended to clear the TensorBoard log files from time to time
using Clear TensorBoard log files as all TensorBoard information is retrieved for all

current and historic runs.
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Apply:

P4 Property Prediction from Seismic

Extract Data Train Apply

— O X

Survey Data Root | D:\Survevs

V‘ e Select ...

Suwey F3_Demo_2019
F3_Demo_2020_Paul
F3_Demo_Fault_Extraction_2018
F3_SynthRock_Profile_LightWeight
Maui-NZ_Channels_2018
Maui_wells_only
Nadine_Vac_Pump
Penobscot_d55_demo_prestack
Primero_d59

Rotterdam3D

SEGSalt2_db55

Segundo_Demo_Chimneys
Tarrarn Nemn FCF

~

*

‘TlmeSort 'S

ML_Porosity_from_Al_RF_100x50

=t @ [

Name: ML Porosity from AT RF 100x50.
Type: Property Prediction from Seismics.
Data Type: 3D Volume.

Number of inputs: 1.

Output: Porosity.

Created by: paul.

Created at: Mon 31 Aug 2020, 15:06:10.

Ohiact THh- 10N0NAN 88

Last Modified: Mon 31 Aug 2020, 15:06:24.

Q Proceed >> e Close
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In the “Property Prediction from Seismic” window, select the trained model and press

Proceed.
P Apply 'ML_Porosity_from_AI_RF_100x50' — O X
Input Cube ['7a Al Cube Std'] 7a Al Cube Std v 9 Select ...
Volume subselection | R: 100/300 - 750/1250. (183 sample) \ & Select ...
Output 'Porosity’ | Porosity from Al by RF 1 v| © Select... = CBVS i

Execute in Batch 1 Options ...

0 Run g Close

Select the Input Cube, optionally specify a Volume subselection and give an output
name for the seismic Output volume. Press Run. This will start a batch job. Progress

can be monitored in the log file that is automatically launched.
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3.6 Neural Networks

3.6.1 Introduction

This module in the Machine Learning Control Center launches the Neural Networks plu-
gin, the predecessor of Machine Learning. All workflows of the Neural Networks plugin

remain valid and can be found in the following topics in this section.
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P Machine Learning Control Center — O X

Survey: F3 Demo_ 2018

30 Neural Networks (3D)

E 20 Neural Networks (2D)
E Wells

Seismic

Seismic +
Wells

Neural Networks

Go ...

@ Close e Help

3.6.1.1 Supervised Neural Networks

By supervised training, the user is teaching the network to distinguish between two or

more pick sets. At each pick location, a number of attribute values is collected.
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As an example, fault detection requires two picksets. The user needs to pick locations
where a fault is present (pickset A), and locations where there aren't any faults (pickset

B). This whole operation can serve two purposes:

» Efficiency/Automatization. You don't have the time to go through the entire set

and pick each and every little fault.
* Find "more than meets the eye". Subtle faults can be present without noticing it

but the network picks them up anyway.

It will be clear that the interpreter needs to define attributes that are sensitive to fault
characteristics. Therefore, you need to make picksets of positions that contain different
objects ("yes, there is a fault here") and counter-examples ('no, there aren't any faults
here'). Other examples include Channel vs. Non-channel or maybe three choices, e.g.
Channel deposits, Overbank deposits and Shale. All in all, the very first requirement is

that you can pick examples from the data set.
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fe

Train Meural Metwork [June1 2016 11:46:43]

MM training [5]

Maormalised RM3
1 1
0.75 0.75
0.5 0.5
0.25 0.25
J.‘]'train data —test data
% Misclassification
50 50
40 40
20 20
0 —train data —test data

Similarity [-40 40] Parallel

Similarity [-40,40] Diagonal

Down 100ms {Similarity [-40 40] Parallel}
Up 100ms {Similarity [-40 40] Parallel}
Down 100ms {Similarity [-40 40] Diagonal}
Up 100ms {Similarity [-40 40] Diaganal}
Similarity [-40,40] AllDir

Down 100ms {Similarity [-40,40] AllDir}

Up 100ms {Similarity [-40 40] AllDir}

Simple Chimney Atribute

MorMMInput PolarDip

RMS [-40,40]

Down 100ms {RMS [-40 407}

Up 100ms {RMS [-40 40}

MoMMInput FilterResidual

MoMMInput Median Dip Filter Stepout=3
Moise {RMS [-40 40] FilterResidual}

Down 100ms {MNoise}

Up 100ms {Moise}

MoMMInput Signal {RMS {-40 40] Median Dip Filter}
SignalMoise

Down 100ms {SignalM™oise}

Up 100ms {Signal/Moise}

TWT

Average Freq [-140,140]

Ay Freq [-140 140] with SimpleTimeCorrection
MedianFilter PolarDip

Mo MMInput LowPass12Hz

Mo MMInput RMS [-140 140] {LowPass12Hz}

Vectors trained 5100 Pause Clear ...

[[] On OK, save as

Save misclassified

Select ..

) cancel 6 Help

Neural Network Training for the ChimneyCube

During application, the software extracts the same attributes at volumes or horizons

and uses the same neural network to predict whether we have a type A or type B situ-

ation there. When displaying, you can choose between two network outputs:

* The probability that a certain position is a "type A" location

* The type number (A=1, B=2 etc.).
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At some locations, the network is more 'certain’ than at other locations. You can get this

['‘confidence' by looking at the probability or at the Confidence.

During training of the neural network, you can monitor whether the network can figure
out, given the attributes you have defined, whether a location is more like the ones in
set A than the ones in set B. If the network would predict that a position would be type
A, but in fact it actually is picked by you in pickset B, then that is a misclassification of

the network. The lower the number of misclassification, the better.
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3.6.1.2 Unsupervised Neural Networks

In the unsupervised approach, you want the network to come up with a "natural" divi-
sion of the seismic data. This approach is very useful when you want to perform, for
example, horizon-based or volume-based segmentation. After training the network and
application of the neural network output to an element, the results should be inter-

preted.

The (single) pickset holds the example positions at which the software calculates the
chosen attributes. Therefore, each position in the pickset will yield a vector of values.

The result of the extraction of the attributes at each picked location is the training set.

The neural network tries to cluster this set of vectors. Similar vectors go into the same
Segment. This operation can be seen as subdividing the hyperspace of the attribute

vectors in compartments. Each compartment has a centre: the cluster center.

After the training, the network can be applied to a horizon, time-slice, or volume. That
means that the vectors are extracted in a volume or along a horizon. The network can
then classify all those vectors into a Segment. A vector can be close to the cluster
centre or further away from it, which is indicated by the Match. The closer to the cluster

center, the higher the match.
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3.6.2 Manage Neural Networks

Neural networks can be managed from two locations:

* From Survey > Manage: Delete, rename, set the default neural network.

* From Analysis > Neural Networks: Create a new neural network, load an existing

before applying it on tree elements.

3.6.2.1 Data Manager

The neural network management allows to manage them, i.e.: Change disk location,

rename, remove, copy, etc.

This window will contain the list of stored neural networks as show below:
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Manage MNeural Networks

o
O - Filter |+ |

|
O
IHI

[] chimneyCube
[] Weural Network

|[] NN Porasity training

[] standard Uva

[1 uva 10 classes [12, 24] ms on MFS4

[] uva 10 classes [-12, 60] ms on F58

[] uvQ 10 classes [0, +24] ms on MFS4

[1 Volume-based seamentation between FS7 and FS6

b X |4 [0

File name: ChimneyCube.nn

Location: P:\0DData\F3_Demo Network\NLAs
Size: 12 kB

Last modified: wr 16 nov 2007, 12:16:36

Storage type: 4GB
Cbject ID: 100060.8

Motes:

Free space on disk 146.35 GB

| ) Close || @Help |

For each neural network, you can press the Info button to get information on how it was

trained.

3.6.2.2 Neural Network Management

&

When clicking the > icon, the Neural Network management window appears. This

window allows to work with neural networks in the current session: Train a new
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network, save the current network, load a stored network before applying it to a tree

item.
To create a new network, one must first choose the appropriate mode:

» Pattern recognition: To cluster your dataset(s) in several groups (classes), whose

distribution is either unknown (unsupervised mode: 1 pickset), or already inter-

preted (supervised mode, at least 2 picksets)
* Property prediction: To generate a volume representing the prediction of a given

well log, extracted by relating it to seismic attributes.
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When a neural network is loaded (clicking Stored Network), the input and output nodes

of this network are shown in the lists.

When the training of a neural network is finished, the user can store the trained neural

network or look at the relevant statistics with the Info button.

Neural Network management - [

Meural Metwaork Manager 30

Create Mew Metwork: Get:

FPattern recognition [FickSets] ... Stored Netwark ...

Property prediction [WellData] ... From Jobfile ...

Active Meural Metwoaork

Input Cutput

Store .. Info ...

() Close | 9 Help
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3.6.2.3 Neural Network Information

After training of a neural network, the information window shows some information on
the network topology, the attributes that were used, and the relative importance
(weight)--on a scale from 0 to 100--of the individual attributes. Be careful to judge these
weights. This information tells a lot about individual attributes, but only a little about rela-
tionships between attributes. This information can be stored into a report (a simple text
file) by pressing the Save Report button. Press Dismiss to go back to the Neural Net-

work Manager.
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3.6.2.3.1 Supervised Neural Network Information

The information window shows neural network information for the training set and the

test set. For each set the numbers of usable and invalid vectors are shown.

Balancing is automatically performed between the data extraction and the training. This
ensures that there is an equal representation of all inputs picksets. Misclassification

information is displayed based on the membership to the input pickset.

frm NN info = =

MNeural Metwork

Type: Supervised (direct predicticon)
Hidden layer has 4 nodes
Training stats:

Number of used input wectors: 511
Number of invalid input wectors: 0

Porosity
Data mean: 0.29971%9
Data standard deviation: 0.041E240&
Data minimuam: 0.2215448
Data maximuam: 0.370344
BEMS error: 0.0180022
BEMS error, normalised: 0.430257 v
Maozm akhenlnta crroes M M1247%274
Save Report ...

@
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3.6.2.3.2 Unsupervised Neural Network Information

The information window for an unsupervised neural network will show the number of
vectors assigned to each class and their average match to the corresponding class cen-

ter.

The last table will display the attribute values of each class center:

femi NN info = B

Volume-based segmentation between FS7 and F36

Type: Unsupervised (segmentation/clustering) a
Number of classes: &

Vectors classified: 993

Class 1 wvectors: 77. Lyverage match: 0.9127&
Class 2 wectors: 98. kverage match: 0.920992
Class 3 vectors: 222. Average match: 0.928109
Class 4 vectors: llé. Average match: 0.908803
Class 5 vectors: 197. Average match: 0.910349
Class & wvectors: 283. Average match: 0.935054

W

Center 1 Center 2 Center 3 Center 4 Center 5 Center 6

Dip-steered Inline dip 1.60993958 244379044 133870316 080298996 -13.71998596 -4 67153931
Dip-steered Crossline dip -9.80741882 -557V625198 -B.3082695 1094259644 -27 3888073 -18.019086...
Dip-steeredinst. amp. A723.6215... 29709475 22555566... 1298.4057... 1140.2988... 1010.9326..
Dip-steeredinst env. weight. freq.  212.21780... 1649493103 22263607... 12013552, 187.22407... 24091055, .

Save Report ...

@ o

When the segmentation was performed on a waveform (i.e. all input attributes contain
the string "Sample") an extra option display will enable the visualization of the data of

this table in a 2D viewer in order to see the class centres:
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=

UVQ 10 classes [-12, 24l ms on MF34

NN info

Type: Unsupervised (segmentation/clustering) o
Number of classes: 14
Vectors classified: 1000
Class 1 wvectors: 58. Average match: 0.889825
Class 2 wvectors: 64. Lverage match: 0.9068868
Class 3 wectors: 110. Awverage match: 0.916101
Class 4 wvectors: 93. Lverage match: 0.9216863
Class 5 wectors: 153. Average match: 0.9242
Class & wvectors: 99. Lyverage match: 0.920937
Class 7 wectors: 146. Average match: 0.921739
Class & wvectors: 71. Lyverage match: 0.90739&
Class 9 vectors: 10&. Average match: 0.901485
Class 10 wectors: 98. RAverage match: 0.9003&62
W

Center1 Center2 Center3 Centerd Center5 Center@ Center7 Center® Center® Center10 ™
Sample-12 60591... 10604 -60859. M251.. -797.2.. 9321.. -20421.. -3192._.. -728.11... G4.001..
Sample-8 1075.7... -23078.. -1097.0... -1832... -2414._. -4181.. 43855 -2190.. 19852 -2173..
Sample-4 25959 -14684.. -1M1490.. -2392... -M937.. 91.067... -126.5.. B84020... 16494 . -1815...
Sample 0 2067.3... 10832 48710... 23045 32100.. 30849 21033 31376... -3923.. 18089
Sample 4 4658.1... 3807.0... 2419.0.. 5B8091... 57323... 43003.. B5M192.. 42611.. 72294 . 22428 .
Sample 8  12351... 20534 1381.0... 16529 2526.6... 876.00... 30784 32495 68724 . -1M561.. w

Save Report ... | Display ...

) UVQ 10 classes [-12, 24l mson M.. = O

@

O\

+\ | -12000

| ¥
=

i
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3.6.2.4 Import GDI Networks Window

F

) Specify inputs | — ” =l ” X |

Network without attributes: definitions

Specify the input for these attributes

Sample 0 iy 5& 4 Dip steered median filter ~ | Select ..
Sample 4 = 5& 4 Dip steered median filter ~ | Select ..
Sample 8 i 5& 4 Dip steered median filter ~ | ) Select ..
Sample 12 i, 5& 4 Dip steered median filter ~ | Select ..
Sample 16 iz, 5& 4 Dip steered median filter ~ | ) Select ...
Sample 20 iz, 5& 4 Dip steered median filter ~ | E) Select ...
Sample 24 iz, 5& 4 Dip steered median filter + ) Select ..

[ QUK HQCancel‘

When a GDI neural network is used in OpendTect, the input to the network will be

examined. For each input, there are two options:

1. OpendTect recognizes the attribute and has an equivalent available. In that case,
you'll need to specify from which cube OpendTect should extract this attribute.
This is usually (but not necessarily) the cube from which the training set is extrac-

ted. This has to be specified in the top section of the window.
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2. OpendTect has no equivalent attribute available. You'll have to extract the attrib-
ute into a "Seismic Cube" in GDI and provide this cube in the bottom section of
the window. Note that "Frequency" is one of these unmatched attributes (GDI has

event-based, OpendTect has FFT-based frequency).

Depending on the availability of the attributes in OpendTect, the applicable part of the

window shown here appears.
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3.6.3 Pattern Recognition (using Picksets)

The Neural Network plugin supports two types of neural networks based on picks: fully
connected Multi- Layer- Perceptrons (MLPs) and Unsupervised Vector Quantizers
(UVQs). MLPs are used in supervised (with a priori, learn by example) mode, while

UVQs are used in unsupervised experiments (segmentation = clustering).

Analysis method. The Supervised method allows the choice of one or more output
nodes. The groups of nodes (PickSets) indicate how the neural network should sep-
arate the character found in the input attributes. Unsupervised separates the nodes in
the (single!) pickset based on a clustering in a user defined number of classes. A saved

pickset can be used but a random pickset can also be created for this purpose.

Input Training data set. Specify whether the input data set must be extracted on the
fly, or retrieved from a stored input set. An input training set consists of a range of attrib-
utes (names and values) at given example locations. To create a training set the user
must specify which attributes to use and at which locations these attributes must be cal-

culated.

Select input/output attributes. The Select input attributes lists all attributes defined in
the current attribute set as well as all data that is stored on disk. Select any or all of
these to serve as input to the neural network. The Select output nodes on the right con-
tains all available pickset groups. Select the pickset group containing the locations at
which attributes must be extracted to create a training set. Note that for an object prob-
ability cube such as TheChimneyCube the user needs two pickset groups: chimneys

and non-chimneys.

Percentage used for test set. In the supervised mode, it is recommended to create a
subset for testing the neural network's performance during training, specify a Per-

centage of the pickset to use for the test set. The test set is created by randomly
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drawing example locations from the selected picksets. Test set examples will not be
used to update the neural network weight set during training, they are merely passed
through the network to compare the network's classification with the actual clas-

sification.

Non-standard number of hidden nodes.lIf the option is activated, a user can define a

non-standard number of the hidden nodes.

Number of Classes. In unsupervised mode, attributes at locations in the specified pick-
set are clustered (segmented) into the specified Number of classes. During the training
phase the UVQ network learns to find the cluster centers. At each iteration, when an
vector of values has been assigned to a cluster, the cluster center is moved to minimize
the (euclidean) distance with the different vectors of attributes values. In the application
phase the input attributes are compared to each cluster center. The input is assigned to
the winning segment, which is a number from 1 to N, where N is the number of clusters.
In addition, the network calculates how close the input is to the cluster center of the win-
ning cluster. This measure of confidence is called a match, which can range between 1
(perfect match, i.e. input and cluster center are the same) and 0 (input and cluster cen-

ter are completely different).
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@ Design Neural Network

E=8 FoR =

Analysis method @ Supervised () Unsupervised

Input training data set @ Extract now () Retrieve stored

~  Select input attributes

- Select output nodes

[ [1 Original Seismics] -
[] [4 Dip steered median filter]

[T [5 ChimneyCube]

[ [Ta Al Cube Std]

[l [Ta Al Cube Std_8ms]

["] [7b Al Cube from HorizonCube]—
["] [8a PorosityCube from HC-NN]
[] [8b Gamma from HorizonCube] =
[ [9-1 Similarity on FEF seismic]

[] [9-2 Dip-steered diffusion fiter] |
[ [9-3 Fault enhancement filter]

[C] [DSMF]

[ [dsmf_flat_on_fs4]

»

[ :Chimneys yes:

[] :Chimneys no:

‘gas:

‘Random line through wells:
‘Selected Points from Well:
‘RMS velocities:

‘FFST.

3D Body:

‘Slumped body:

3D body:

Inner points crossplot anomaly:
:Quter rim crossplot anomaly:
‘Shallow Bright Spot:

m

g1 i i

[] [Fault_Likelihood_Thinned_from ‘new test:

[T IManctar CRVCT T lonann- T

< | 1 | 3 | I | 3
Percentage used for test set 0 %

[] Non-standard number of hidden nodes |7

[ O ok HQCanceIH @ Help l

Fast pickset creation

The neural network extraction module can quickly create in unsupervised mode the

required input set of training locations by pressing the 'Create' button:
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Random Pick Set Creation - O

Create new PickSet

Mame far new F’ickSetl

Display color | [N |-Elrown -

Mumber of picks to generate

Geumetryl‘ufulume hd

Volume subselection - | © select..

| ODK ) cancel aHelp

More sophisticated 3D pickset creation tools are available from the tree by

right-clicking on the element 'Pickset/Polygon’.
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oy

= Create New PickSet

Generate locations by | Range

al

Inine Range 100 [3]|748 [+ Step 9

2

Cross-line Range |300 [3] 1245(3] Step 9

e

Time Range (ms) 0 3| 1600 %] Step 400 [3]

Maximum number of Picks 100 E

Remaove locations |—

© Select...

Mame for new PickSet |

Color | [N

M OliveDrab

| © ok

g Cancel

Extraction setting in volume for 3D UVQ
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Exal
Le—cd

Create New PickSet

Generate locations by | Harizon

i |

Haorizon ki, 0_delete_me
‘=

[ €]
O
0
@
4+]
o

Select (@ OnHorizon () To a 2nd Horizon

ExtraZ (ms) 0

s

Maximum number of Picks

Remaove locations |— | © Select...
Mame for new PickSet | |
Color [  ®m OliveDrab -

| © ok

g Cancel

Extraction settings along single horizon for 3D UVQ
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Exal
Le—cd

Create New PickSet

Generate locations by | Harizon - |

Haorizon ki, 0_delete_me
‘=

[ €]
O
0
@
4+]
o

Select () OnHorizon (@ To a 2nd Horizon

Bottom Horizon | 0_delete_me

£ step (ms)

EtraZ(ms) 0 (3]0 3]

Maximum number of Picks

[ €]
O
0
@
4+]
o

Remaove locations |—

Mame for new F'ickSet| |

© Select...

Color [  ®m OliveDrab

| e oK () cancel

e Help

Extraction setting between two horizons for 3D UVQ
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3.6.4 Property Prediction (using Well Logs)

With this module, it is possible to relate any well log to seismic data. Select an input vari-
able (from cubes and attributes) and, an output log variable (e.g. porosity or Vshale).
The neural network will try to look for a relation between the two sets. Provided a work-
ing relationship is established, the user can then apply the trained neural network to a

larger volume.

Neural networks are good interpolators, but not good in extrapolating. If you
train a neural network on a certain formation or interval, it is not recom-

L

mended to apply it outside that formation or interval.

Since log data is being related directly to seismic data, it is essential that the well logs
have a very good tie and are well aligned with the seismic data in the interval of interest.

If this is not the case, results may easily become disappointing.

Input training data set: The training data set is the collection of input and target val-
ues that the neural network is trained on. Usually, the user will leave this option at
Extract now. In case you stored an input training data set before, tick then Retrieve

stored and select the input training data set with a standard file browser.

Select input/target attributes: The input attributes from the active attribute set or any
of the stored cubes can be selected in the left screen. The stored cubes appear in
square brackets [] at the bottom of the list. On the right, select the output log variable.
All available logs from all wells are shown here. If the log of interest has different names
for different wells, rename first these logs so that they all have exactly the same name.

The log(s) can be renamed in File - Manage - Wells.

Target contains: Specify if the target contains ordinary well logs value or if a lithology

log is available and can be used.
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Wells to use: Select the wells on the right. From these wells, the selected target log is

retrieved, if available.

Extract between: Select the markers to specify the interval the neural network should
be trained on. Just as with the target logs, all available markers from the available wells
are displayed. You can use the same marker twice, in combination with non-zero dis-
tance above/below. It is up to the user to make sure a marker with exactly the same
name actually exists in the selected wells. To edit the markers and their names, see

File - Manage - Wells.

Distance above/below: Indicate the extra distance above and below the start and stop
marker respectively that should be taken into account in the training. Negative values
are possible; negative above the top marker means start below the top marker. Neg-

ative below the bottom marker means stop before the bottom marker.

Radius around wells: Indicates the radius around wells where the selected input
attributes are calculated for each depth of extraction. All traces within the radius are

selected. For example for nearest trace leave blank or put zero.

Vertical sampling method: Well data have a much higher (vertical) resolution than
seismic cubes. This means several log values correspond to a single seismic sample.
Averaging can prevent aliasing problems, although this is not necessarily a problem.
Therefore, one can use the median or average of the well log values corresponding to

the seismic sample location.
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When predicting a binary variable (like sand/shale), or a lithology code, the most fre-
quent filter will be necessary. Nearest sample selects only the nearest log value. This

will be the best option in pre-filtered curves.

On pressing OK, the software starts collecting all necessary data. When all data is col-

lected, the training starts and this can be monitored in the NN training window.

fe Design Neural Netwark = B
Input training data set (@) Extractnow () Retrieve stored -
Wells to use F02-1

FO3-2

FO3-4
[1 = Selectinput attributes Select target FOG-1
[] (o_den » | | Caliper A
[ 10_del2] Density
[] 1 Criginal Seismics] Gamma Ray
[C] [4 Dip steered median filter] P-wave
[] [5 ChimneyCube] P-wave_corr
[] [7a Al Cube Std] Porosity
[] [7b Al Cube from HorizonCub Sonic
[T] [8a PorosityCube from HC-N P-Impedance
[T] [8b Gamma from HorizonCut P-Impedance_rel
[] [@-1 similarity on FEF seismi Vp
[] [9-2 Dip-steered diffusion filte Density_edited
[7] [9-3 Fault enhancement filter Water Saturation Brine
I:‘ [9-7 Thickness UVQE segme Sw Extract between | <Start of data= = | |<End of data= -
[ 19-8 UVQE Hor 4-8 seament] ¥ | | Al from well tie
S o Reflectivitv from well tie b Distance above/below (m) |0 0

Target contains (@) Ordinary well logvalues () Lithology codes Radius around wells |25

Percentage usedfortestset 0 % Vertical sampling method | Take Nearest Sample =

) cancel @Help
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3.6.4.1 Balance Data

Balancing is a mandatory pre-processing step for neural network training. The dis-
tribution of input vectors is modified in order to get a flat distribution for the output quant-
ity (target log), in the training data set. Balancing is done automatically when training
from picksets or on a target log that is containing lithology codes. In both cases, the out-
put values are discrete (integers), thus Balancing can be automated safely. An ordinary

log will show continuous values between a minimum and maximum.
Based on the histogram display the user may:

* Adjust the output level for the flat distribution using the Data points per class para-
meter.
* Train for a range of values smaller than the extracted minimum and maximum val-

ues by specifying another Data range to use.
The over-represented classes will be decimated to the data point per class parameter.

The under-represented classes will be duplicated to the data point per class parameter,
with a small change of the target value for each duplicated vector. This change is con-
trolled by the parameter Percentage noise when adding, but the default value will be

appropriate for most situations.
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The binning is automatically performed to compute the number of classes based on
minimum, maximum and number of points. At least 10 classes will be used, with a max-
imum of 100 classes. 20 and 50 classes may be used to reach an optimal of 25 vectors

per class. This optimal is considered as the best compromise between statistical rep-

resentation and training speed.

e Data preparation - =

Specify data preparation for ‘Caliper

1284

1000

740

Count

500

250

560G 10 15 20 22.02
Value

Balance data (@ Yes () Mo
Crata points per class |37 =
Percentage noise when adding 1

Datarange to use 552378 221109

9 oK ) cancel e Help
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3.6.4.2 NN Lithology Codes

The neural network may be used to train for lithologies. For such a prediction the target
log must contain lithology codes in form of integers. Multiple outputs will be available,

on the contrary to training from ordinary log values:

* A classification output providing the integer corresponding to the most likely litho-
logy at each sample.

* For each lithology code, the probability for a sample to belong to this lithology.

* A confidence output that is the difference between the probability of the most

likely lithology and the probability of the second most likely probability.

A maximum of 20 lithologies may be present in the input lithology logs. The upscaling
(vertical sampling) method will be set to Most Frequent when using this option "Target
contains: Lithology codes" such that the integers will remain integers after the up scal-
ing. If non integer values are found in the input logs, they will be round-up to the nearest

integer.

All lithology codes present in the logs may not be used for training. For instance the
input log may contain four lithology codes for respectively sand, cemented sand, shale

and salt. The first step is to assign a name to each code:

fe Manage Codes - &

Specify how to handle codes

Code 0  Merge into | Code 1 -

Code 1 | Merge into x| Code O -

o 0K () cancel a Help
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The second step may be to group (Merge into) several similar lithologies and/or to dis-

card lithologies that will not be used to training (Drop):

i Manage Codes - U

Specify how to handle codes

Code 0 |I'u'|erge into - | Code |1 -

Code 1 |Dmp - |

o oK () Cancel @ Help

Training begins when pressing "OK" on this window. The training window is similar to

the training window for pattern recognition (Picksets)
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3.6.5 Training and Application

This window pops up as soon as OpendTect has created or retrieved the train and test
sets. In order to create a training set, the software must compute all selected attributes
at all picked locations. This may take some time. The user will be notified when the data

is collected. Acknowledging the notification will automatically start the training phase.

Training can be stopped and restarted with the Pause (Resume) button. Clear ran-
domizes the weights of the current network. This implies that all training results are lost.
The Clear option can be used when over fitting (see below) has occurred and the user
wishes to restart training from scratch. The randomized network is then re-trained and
the network is stopped before over fitting occurs. This can be done manually (pressing

Pause) or by specifying a number in the number of training vectors field.
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3.6.5.1 Unsupervised Training

In Unsupervised training, the network performance is tracked in a graph that shows the
average match (confidence) of clustered input. Typically, the average match increases
in a step-function. Each step indicates that the network has found a new cluster. Train-
ing can be stopped as soon as the average match has reached a stable situation. Usu-

ally this will be around 90%.

The colors of the input nodes in an unsupervised network will also change during train-
ing. In unsupervised mode, these colors do not indicate that one attribute is more

important than another. All attributes in a clustering experiment are equally important.

Optionally, the neural network can be stored immediately on pressing OK. To do this,

enter a neural network name in the appropriate field at the bottom of the NN training

window.
o NN training [80] = B
Train Segmentation Meural Network [June1 2016 11:56:31]
100 Average Match (%) Sample -8
Sample -4
75 r- Sample 0
Sample 4
50 Sample 8
Sample 12
25 .
Sample 16
LI]—train data Sample 20
Sample 24
Vectors trained | 5100 Resume Clear...
[] on 0K, save as © Select...
O cancel|| @ Heb
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3.6.5.1.1 Quick UVQ

The Quick UVQ horizon option can be used to quickly segment the seismic waveform
along the interpreted horizon. The attributes and data selection are made auto-
matically, contrarily to the standard NN training mode that request the user to define

attribute and training locations (picks) before going into the NN training module.

i Quick UVQ =

WG on ‘Demo 0 —= FS4" (unshifted)

Input Cube % % 4 Dip steered median filter W 9 Select .
Mumber of classes |10 =
Time gate (ms) -8 24
[ ] Polygon subselection |} UVQ input between demo 0 and 6 E:j Select ..

[ ] Save netwark © Select ...

o oK () Cancel 9 Help

The sole window requests the user to select the input seismic data (2D or 3D according
to the type of intepretation). Around 2000 input traces are randomly chosen to train the
neural network. The waveform in a given time window is the main parameter to input,
together with the output number of classes. It is highly recommended to save the output

network.

The time window should match the length of the target of interest, and be extended on

either sides by a few samples.
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Example: You have a top reservoir horizon and the target is 50m = 32ms thick. An

appropriate time window would be [-12, 44] ms along the horizon.

The number of class is hard to determine in advance. Too many classes will give

redundant class centres, but too few classes will not match the seismic.

The 'OK' button will start the unsupervised Neural Network training. The training that
results above 90% match could then be accepted to create output maps. The 'OK' but-
ton in the Neural Network Training window will automatically start processing the two
outputs (Segmentation and match grids) on the 3D horizon. The processed grids are
only saved to the database using the right mouse click on the processed attributes

(Class, Match) of the horizon.

After training an additional Neural Network Info window will pop-up.(see above). This
dialog gives a detailed report about the Neural Network training. The Display button in
the Neural Network info dialog is used to pop-up a class center display in a 2D viewer
(see below). The classes can be color-coded using the Color Table, and the color table

can be displayed in the 2D viewer by clicking on the 'show classification' button.
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2D QUICK UVQs

The similar workflow is also available for a mapped 2D seismic horizon. Similar settings
are required and the processing steps are also the same (as explained previously).
After the Neural Network training is finished, the system will prompt to grid and save the
classification and the match grids to a 3D horizon. Select or create a 3D horizon to pro-

cess the classification and match maps.

fe) Quick UVQ -

WG on 20 Demo0 - F54° (unshifted)

Q
i
Li+]
-

Input 2D Data (attribute) @ | Seis v
Mumber of classes

Time gate (ms) 8 |24 |

[] Polygon subselection |} UVQ input between demo 0 and 6 6 Select ..

[] Save network © select...

o 0K () Cancel @ Help

fe Quick UVQ output - 0

Specify destination for output

Destination (® 3D Horizon ) Output File

Algarithm | Inverse distance v|
Search radius | | |F'ararneters |
Chutput 30 harizon | 0_delete_me v| 9 Select . Create ...

Classification: Attribute name |I3Iass

[ ] Match: Attribute name  Match




3.6.5.1.2 Quality-based UVQ Stacking

It is possible to use the output of an unsupervised segmentation for the stacking of seis-
mic data. This functionality allows stacking of multiple cubes based on class number.

The input nodes must be a measure of quality for each of these cubes.

This function is only available if the environment variable OD_ DGB_QUALITY _
STACKING is set to "Yes". The quality stack button appears in the "NN info" window of
the loaded neural network. It will not appear if a single volume is used as input to all

attributes of the neural network, like for a UVQ classification.

fre Quality Stack - =
Class-based Quality-weighted Stack
Input segmentation cube Pé ”é} 4 Dip steered median filter W e Select .
Cube for ‘Dip-steered Inline dip’ Fé ﬂé} 4 Dip steered median filter W 6 Select ...
Cube for ‘Dip-steered Crossline dip’ Pé “é} 4 Dip steered median filter W 6 Select ..
Cube for ‘Dip-steered inst. amp.” Pé ”é} 4 Dip steered median filter W e Select .
Cube for ‘Dip-steered inst. env. weight. freq.” Fé ﬂé} 4 Dip steered median filter W 6 Select ...
Discard lower than |0 = % of maximum
Vaolume subselection - 6 Select ..
Mull traces (® Discard () Pass
[ scale values: ShiftFactor
Output Cube v|| B Select.. || CBVS -
Q cose || @ s

The segment cube must have been previously processed and saved on disk. It rep-

resents the firstinput. The other inputs are the volumes to be stacked, on for each
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attribute (so the input of the attributes used in the neural network). Once again only

stored volumes can be selected.

The output will be a weighted stacking of the input volumes. The weights are rep-
resented by the class center values (one for each attribute), and vary according to the
best fitting class center as represented in the segment volume. Optionally low weight
(relative to the maximum weight in a given class) may discard the corresponding
volumes locally. Use a low value for the smoothest output, and a high value for the best

discrimination.
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3.6.5.2 Supervised Training from Picksets

In Supervised mode, the network's performance is tracked during training in two

graphs: Normalized RMS and % Misclassification:

The Normalized RMS error curves (see network training picture below) indicate the
overall error on the train and test sets, in red and blue respectively on a scale from 0 (no
error) to 1 (maximum error). Both curves should go down during training. When the test
curve goes up again the network is over fitting. Training should be stopped when
(preferably before) this happens. Typically a RMS value in the 0.8 range is considered
reasonable, between 0.8 and 0.6 is good, between 0.6 and 0.4 is excellent and below

0.4 is perfect. The normalized error is calculated as follows:

rm:-\j Z t—e)

ROFIMIING —rms/ J Z t; —mec;rn]

where

1 R
mean = — > 1,
oial

The percentage misclassification shown in the lower left corner is a much easier quality
control parameter to interpret. It simply shows how the percentage of the training and

test set that is classified in the wrong class.

-352 -



On the right-hand side of the window a graphical representation of the input attributes is
shown. The circle in front of the attribute name changes color during training. The col-
ors reflect the weights attached to each input node and are therefore indicative for the
relevant importance of each attribute for the classification task at hand. Colors range
from red (high weight means high importance) via yellow to red (relative small weights,
less important). This feature is very useful when you wish to design small networks to

increase processing speed.

Optionally, the neural network can be stored immediately by pressing the OK button.
First, enter a neural network name in the appropriate field at the bottom of the NN train-

ing window.
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The Save misclassified toggle allows saving the misclassified picks in a new Pickset.
This Pickset is automatically loaded in OpendTect again. The Pickset can be indicative
of picking errors. It is not recommended to bluntly remove the misclassified picks from a
Pickset, since good picks, although misclassified during training, still help neural net-

work training.

e NN training [5] - O

Train Meural Metwork [June1 2016 11:46:43]

Mormalised RMS Similarity [-40 40] Parallel
1 1 Similarity [-40,40] Diagonal
Down 100ms {Similarity [-40 40] Parallel}
Up 100ms {Similarity [-40 40] Parallel}

0.75 0.75 Down 100ms {Similarity [-40,40] Diagonal}
M Up 100ms {Similarity [-40 40] Diagonal}
0.5 05 Similarity [-40,40] AllDir

Down 100ms {Similarity [-40,40] AllDir}
Up 100ms {Similarity [-40,40] AllDir

0.25 0.25 Simple Chimney Aftribute
MaoMMInput PolarDip
RMS [-40,40]
D‘train data —test data Down 100ms {RMS [-40 407}

Up 100ms {RMS [-40 40[}
MoMMInput FilterResidual
o Misclassification MaMMInput Median Dip Filter Stepout=3
E() a0 Moise {RMS [-40 40] FilterResidual}
Down 100ms {MNoise}
A0 A0 Up 100ms {Moise}
MoMMInput Signal {RMS {-40 40] Median Dip Filter}
SignalMoise
Diown 100ms {SignaliMoise}
20 b0 1Lil;“]lr;[]ﬂms {SignaliMoise}
Average Freq [-140,140]
A Freq [-140,140] with SimpleTimeCoarrection
MedianFilter PolarDip

) — — Mo MMInput LowPass12Hz
train data test data No NNInput RMS [-140,140] {LowPass12Hz}
Vectors trained | 5100 Pause Clear ...
[] On OK, save as Select ...

Save misclassified ) cancel 9 Help
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3.6.5.3 Supervised Training from Well Data

The Supervised training window from well data is very similar to the training window
from a Pickset (see below). The only difference is the display of a scatter plot instead of
a % Misclassification plot. A scatter plot shows the actual target data on the horizontal
axis and the predicted target data by the neural network, as it is at that moment, on the
vertical axis. Not all nodes are plotted. Only a random selection of the used train and
test data is shown. Ideally, after sufficient training, all data points should be on the diag-

onal. That would mean that the trained neural network predicted all examples correctly.

However, this will rarely be the case. In most cases, the data will cluster along the diag-
onal. The narrower this cloud, the better the neural network is trained. Overtraining
occurs when the Normalized RMS of the test data increases, while the Normalized
RMS of the train set decreases. This usually also means that the cloud of train nodes

becomes narrower, while the cloud of test nodes becomes wider again.

@) NN training [7] (=@ | 3]
Train Neural Network == 'P-Impedance’ [Junel1 2016 13:04:54]
’ Normalised RMS i . Reference fime
0.75 0.75 Q Acoustic Impedance -12
Q Acoustic Impedance -8
0.57—== 0.5
Q Acoustic Impedance -4
025 025 O Acoustic Impedance 0
train data —test data Q Acoustic Impedance 4
Scatter Q Acoustic Impedance 8
100 100 -
. EPE@ Q Acoustic Impedance 12
75 i O e T T 75
l"jl—train data —test data 0
Vectors trained 72000 [ Resume ] [ Clear ... ]
[C] On OK, save as ~| &) Select .

[_QOK ”QCancelH @) Help l
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3.6.5.4 Application

Neural networks should be applied like standard attributes:

On-the-fly application

Load a slice in the scene, use the option "Add --> attribute". Select the "Neural Net-

work" list of attributes. The type of output depends on the type of neural network:

1. Pattern recognition, unsupervised mode:

fe

Select Layer 2

Select

- oEEN

() Stored
() Steering
() Attributes

(® Meural Network

=
S

|Segment

Match

@ ox

Q Cancel

@ Help

Segment: Index of the most likely class center (as seen in the Neural Network Inform-

ation)

Match: Measure of similitude between the most likely class center and the actual attrib-

utes. Between 0 and 1 (identical).
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2. Pattern recognition, supervised mode:

e Select - E'

Select Layer 3

() Stored Chimneys yes
_ Chimneys no
() Steering Classification
Confidence
() Aftributes

@ Meural Network

S
=

9 OK () Cancel @ Help

[Pattern 1]: Neural network probability that a given sample matches the interpreted
"Pattern 1": Returns amplitudes around 1 if the sample is similar to the picks of the cor-

responding first pickset. Returns values around 0 otherwise.

[Pattern 2]: Neural network probability that a given sample matches the interpreted
"Pattern 2": Returns amplitudes around 1 if the sample is similar to the picks of the cor-

responding second pickset. Returns values around 0 otherwise.
Classification: Returns the index of the most likely pattern in the order seen above.

Confidence: Returns the difference between the largest and second largest NN prob-

abilities in the set (You can train with more than two picksets)
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3. Property prediction

e Select - E'

Select Layer 4

() Stored Parosity
() Steering
() Attributes

@ Meural Network

o

al

9 OK () Cancel @ Help

[Output log]: Returns the predicted value for the target log. The uncertainty on the pre-
dicted value is given in the training report.

Batch processing

The batch processing on the elements described above should be started from the

menu Processing --> Create Seismic Output --> Attribute (2D/3D).

You need to launch one batch process for each element under the list
“Neural networks".
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4 Dip-Steering

4.1 Background

Dip-Steering is defined as the process of following seismic reflectors by auto-tracking
the pre-calculated dip-field from a given starting position. The pre-calculated dip-field in
OpendTect is stored in a Steering-Cube, which contains two values at each seismic

sample position: the dip in the inline direction and the dip in the cross-line direction.
Dip-Steering is a key concept in OpendTect that is used to:

* Compute dip-steered multi-trace attributes. Examples are: Similarity, Texture,
Volume Statistics, ... Also Neural Network-based ‘probability’ volumes such as
ChimneyCubes and FaultCubes include many dip-steered attributes.

* Compute attributes directly from the Steering-Cube. Examples are: the set of
Volume Curvature attributes and (geologic) dip and azimuth.

* Apply dip-steered filters. Examples are: dip-steered median filter and dip-steered

fault-enhancement filter.

- 359 -



* Auto-track horizons. Examples are the HorizonCube auto-tracker which tracks
thousands of horizons directly from the dip-field and OpendTect’s conventional
amplitude and similarity tracker that can optionally include dip to constrain the
tracker.

* Grid loosely mapped horizons. The dip-steered gridding algorithm fills in holes

and unmapped parts to generate a horizon that exists at every seismic location.

Depending on the process it is often useful to work with more than one Steering-Cube.
Typically, we use two Steering Cubes. The ‘Detailed SteeringCube’ contains dips as
calculated by the dip-computation algorithm (OpendTect supports multiple algorithms,
see ...). The Detailed SteeringCube is used if we need to preserve details in the data,
e.g. when computing Volume Curvature attributes in fracture detection studies. The
‘Background SteeringCube’ is a smoothed (usually median-filtered) version of the
Detailed SteeringCube. The Background SteeringCube contains less noise and the
dips follow larger structural trends. It is typically favoured for dip-steered filtering oper-

ations.

The Dip-Steering plugin for OpendTect supports two different modes of data-driven
steering: Central Steering and Full Steering. In Central steering the dip / azimuth at the
evaluation point is followed to find all trace segments needed to compute the attribute
response / filter / track the event. In Full steering the dip/azimuth is updated at every
trace position. The difference between 'no steering', 'central steering' and 'full steering'
is shown in the following figures. Note that these figures show the 2D equivalent of

steering, which in actual fact is a 3D operation.
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No Steering

SteeringCube information can be displayed in a 3D scene directly from the OpendTect

tree, in two ways, as shown in the pictures below. This option displays the cross-line dip

along an inline, or the inline dip along a cross-line.

4 Iy In-line
4 425

=right-click=

123456

W Cross-line
b Z-slice

® volume

~ Random Line

SelectAttribute

3

Display
==  Remove

3

Stored Cubes
Attributes

»

2 Steering BG Detailed

Steering Cubes

3
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4 ) In-line

4 @ -
Add Pl Atrbute

L Crﬂ%‘& Display b | @ Volume Buider Atribute
: ijﬂ:ﬁ Duplicate @  HorizonCube Display
~ Rando Rezet Manipulation i§ Systems Tracts Display
77 2D Ling Display Prestack Data  »
@ 3DHor 44  Correlate with Wells ...
~ 20 Hor a Lock Treeitemn
7 Faut

 Faulst == Remove from Tree

Detailed SteeringCube of inline 425 in F3-Demo. For display purposes the (cross-line)

dip image was made (50%) transparent:

Dip-Steering options are launched from the Processing -> Dip Steering Menu. Dip-
Steering is available for 2D seismic and 3D seismic. A SteeringCube for a 2D line

stores at every sample position the dip in the line direction. A SteeringCube for a 3D
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volume stores two values per sample position: the dip in the inline direction and the dip

in the cross-line direction.

 Processing | Scene View Utilities CLAS Help
Create Seismic Qutput ~ » — & - . 6@ c .@,
Create Horizon Output 3 ‘E Pz "’t; - SEG-Y

A Wells » 0 B Chimney -
(Re-)Start Batch Job ...

|v"* Dip Steering r Create » | 2D ...

= GMT Mapping Tool ... Filter b

@ HorizonCube r Import -

. Madagascar ... Track Unconformity ...

°. ssIs > Set Default 30 SteeringCube ...

The windows pictured and described in this manual are the ones pertaining
. 1o 3D processing. 2D processing windows are similar and the same descrip-

tion can therefore be used for 2D dip-steering.
References

The following references are available from the dGB website. Although slightly out of

date, the concepts are still valid:

e Benchmark of HorizonCube algorithms

* Introduction to SteeringCubes

e SteeringCube workflows
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https://dgbes.com/images/PDF/effectivedipsteeringworkflowusingbgsteering_primerodata.pdf

4.2 Create Steering Data

The processing main menu is use to start (2D/3D)-SteeringCube creation and filtering.

Processing | Scene  View  Utilities CLAS Help
Create Seismic Qutput =~ » Jp—1 % [ror . % 'h @
Create Horizon Qutput * - 7= Jt; - SEG-Y

4 Wells ’ 0 B Chimney -
(Re-)Start Batch Job ...

|f“ Dip Steering r Create 4 | 2D ...

= GMT Mapping Tool ... Filter »

& HorizonCube » Import +

. Madagascar ... Track Unconformity ...

§: ssis » Set Default 3D SteeringCube ...

Select input data cube (usually a seismic volume) and optionally the sub-volume to pro-

cess.

Tree types of Steering algorithms are supported:

* PCA
* Phase-gradient (former BG)
* FFT

PCA (Principal Component Analysis) is an alternative method to estimate smoothed
reflection dips. It produces relatively smoother dip/azimuth estimates of a seismic
reflection. The PCA technique has an advantage that it is faster with a built-in structural
oriented smoothing. One may not require additional median filtering, which consumes

time on larger size datasets.
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Phase- gradient Steering is a quick algorithm developed by BG. It is based on analysis
of the gradient of the amplitude data, both vertically and horizontally. The BG fast

algorithm is prone to noise, this can be overcome by adding a median or average filter.

-

Input Cube | 4 Dip steered median fiter v | © Select .. | Steering algorithm

Volume subselection |1uurauu_75m1250 (463 samples) | | © Select .. | Calculation stepout (inlicrisample) |inI:1 E“ |crI:1 Eﬂ |Z:1 EH

Specify maximum dip () Yes ® No

Output Steering | v| | © sekat...|

Batch execution |5ingle Process - | | i Options .. |

Fiter stepout (inVerisample) |1 Ell Bl El

\_QOK || ©cancel || @ rep |

FFT Steering computes dip in a small sub-volume defined by the step-outs by search-

ing for the highest energy in the 3D Fourier transformed domain.

More background information, including a benchmark of the different algorithms and

visual examples are presented in the benchmark section.

The optional Specify maximum dip limits dip values derived from the input data.
Another option to avoid extreme dip values is to filter the steering data with a Median fil-
ter. This removes the outliers from the steering data. The stepouts are defined in

samples, regardless sampling rate.

The processing specifications as defined in the window can be saved (optional).
Provide a file name in the textbox to store the processing specification. If this space is
left empty, the processing specification is not saved. If, for any reason, the processing
is aborted, the process can be re-started with this parameter file using the Re-start

option under the Processing menu.
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The Proceed button starts the single-machine or Distributed Computing mode. For
more information on single-machine and Distributed processing, open the help menu

from the Distributed Computing window.
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4.2.1 Import Steering Data

Processing | Scene  View  Utilities CLAS Help
Create Seismic Output ~ » k 5 ﬁ m . % c @.
Create Horizon Qutput 3 P - SEG-Y
A | Wells g ] 0 I Chimney -
(Re-)Start Batch Job ...
~  Dip Steering » Create b
= GMT Mapping Tool ... Filter »
& HorizonCube C Import , o0
... Madagascar ... Track Unconfarmity ...
5. ssIs r Set Default 3D SteeringCube .. |

import from | Inl / Cri dip

in-line Dip |

Cross-line Dip |

Volume subselection |-

Filter result  Median -

Fitter stepout (inlcrisample) | 1 SIE SIE =

Output Steering |

Batch execution |5'ngie Process b |
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Subject to Dip-Steering licensing permissions Steering data created in other software
packages can be imported into OpendTect, Third-party steering data is supplied in the
form of seismic volumes: two volumes for a 3D SteeringCube (inline dip and cross-line
dip, or dip and azimuth), or one volume for 2D Steering Data (the dip in the line dir-
ection). The import functionality converts the 3rd-party data sets into OpendTect com-

patible Steering Cubes for 3D, or 2D, respectively.
The input data must adhere to the following criteria:

* Dip values should not be negative and given in usec/m, or in mm/m if the survey
is in depth.

* Azimuth should be given in degrees from -180 to 180. Positive azimuth is derived
from the inline in the direction of increasing cross-line numbers. Azimuth = 0 indic-
ates that the dip is in the direction of increasing cross-line numbers. Azimuth = 90

indicates that the dip is in the direction of increasing in-line numbers.

Optionally the imported data can be smoothed by application of a median, or average fil-
ter. The default is not to smooth as smoothing filters can also be applied in a separate

step afterwards (see Filter Steering Cubes).

The import function can be executed in batch, on a single machine, or distributed over

several computers
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4.2.2 Create SteeringCube

Input Cube [ 4 Dip stesred median fiter v| | © sekt...| Steering algorithm

Volume subselection | 100/300-750/1250 (463 samples) ||95e|ec1...| Calculation stepout (nverlsample) [int1  [3] [ert1 [£] 21 5]

Output Steering | v| | © sekdt...| Specity maximum dip () Yes (@) No

Batch execution |Single Process - | | % Optione ... |

Fiter stepout (inVerisample) | 1 EH EH [ B

[ @ox || @ cancel | [ @rep |

Select the Input Cube (usually a seismic volume) and optionally specify the Volume

subselection to process.
Give the SteeringCube to be computed a name under Output Steering.

Under Batch execution specify where the processing is to be done. Single Process
means the SteeringCube is processed on the machine you are currently working on.

Under Options ... you can set the job priority (Linux nice level) from -19 (low) to 19
(top).

Distributed Computing is the recommended mode as computing a SteeringCube is a
relatively CPU intensive process. In this mode batch processing is distributed over all
computers (workstations and clusters) that are available to the user. The Distributed

Computing window is launched after all parameters were set and OK is pressed.

Distributed Computing (processing) is a unique selling point of OpendTect
. that is not automatically available after a default installation. This mode

depends on the network environment and needs to be installed by the

- 369 -



system administrator. For details, please see: Chapter 5.5 of the System

Administrator’s manual.

OpendTect supports three types of Steering algorithms:

* PCA (newin6.2)
* Phase-gradient (former BG)
* FFT

PCA (new in 6.2)
Dip Estimation using Principal Component Analysis (PCA)

Reflection dips are estimated using Principal Component Analysis from the seismic
amplitude field. This specific PCA uses an Eigen Value Decomposition (EVD) in order
to extract the direction (as a 3 component vector) of maximum amplitude changes, as

the largest eigen value of the decomposition.

This direction is the normal to the wavefront at any position of the seismic reflector, thus
perpendicular to the dip. The second and third eigen values will be located within the

plane tangent to the seismic reflection.

The EVD is applied on a sample by sample basis, using the following six amplitude
gradient products, previously computed and smoothed volumetrically using recursive

gaussian filters:

[ Gradient inlinedirection *  Gradient inline direction
Gradient crossline direction®  Gradient crossline direction
Gradient vertical direction *  Gradient vertical direction
Gradient inline directions  *  Gradient crossline direction

Gradient inlinedirections *  Gradient vertical direction

__Gradient crossline direction®  Gradient vertical direction |
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The smoothness of the output dip field is entirely determined by the strength of the fil-
ters applied to the gradient product attributes prior to the SVD decomposition. Even-
tually it is not one but three filters that are applied in the vertical, crossline and inline
directions consecutively. It is thus possible to adjust each of the three filter strengths
independently. Note however that applying a minimum smoothing of 1 in the three dir-
ections is essential for a stable estimation of the dip field. Post-processing filtering is

usually not required.

Two filtering algorithms are available: the Deriche filter is applied for standard filter
sizes (below 32), and the Van Vliet filter for bigger sizes (6 = 32 and higher). The
runtime, for both filters, is independent of 6: Running it with 6 = 1 takes as much time as
with 6 = 20. For example a processing done with filter size [2, 6, 40] will first apply a Van
Vliet filter of 6 = 40 in the vertical direction. Then a Deriche filter of 6 = 6 is applied to the
previous output in the crossline direction. Finally a Deriche filter of 6 = 2 is applied in the

inline direction to the output.

Because of filters being recursive filters, a larger number of samples in the direction
where the filter is applied is required in order to get stable results. As a result the pro-
cessing engine will automatically load up to 50 additional samples when available in
order to stabilize the result. Running the PCA processing in chunks should thus deliver
an almost identical result as running the entire dataset at once. However there will be a
runtime penalty if the chunk size is set much smaller than 50 inlines per chunk, for

instance using Multi-Machine distributed processing.

The EVD may optionally output the relative difference between the first two Eigen Val-
ues. When applied on seismic reflections, this attribute is proportional to the "planarity”
of the reflection: It will reach a maximum of 1 if the reflection locally coincides with the

plane tangent to it, have with be always remain larger or equal to zero.
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This optional attribute is stored as a third component of the output SteeringCube. The
planarity attribute, similar to a similarity attribute, can be used to weight the inversion-

based horizon tracking such as Unconformity Tracker or Multi-horizon HorizonCube.

Phase-gradient (former BG)

Phase-gradient Steering is the recommended algorithm for applying dip-steered filters
and to compute dip-steered attributes. Phase-gradient Steering is a quick algorithm
developed by the BG-Group. It computes dip in a small sub-volume defined by the
step-outs from the gradient of the instantaneous phase. The Phase-gradient algorithm
is prone to noise, which can be overcome by adding a median or average filter. The

default is to apply a mild median filter with step out 1,1,1.

Optionally, dip computation can be limited to a maximum dip (in us/m).

FFT

FFT Steering computes dip in a small sub-volume defined by the step-outs by search-

ing for the highest energy in the 3D Fourier transformed domain.

Also with FFT Steering, dip computation can optionally be limited to a maximum dip (in
us/m) and the results can optionally be smoothed with a median or average filter. The
default is not to smooth as smoothing filters can also be applied in a separate step after-

wards (see Filter SteeringCubes).

Steering calculates the dip in the inline direction and in the cross-line direction from
extrema. All Maxima and Minima are determined on the central trace and two neigh-
boring traces located at the stepout positions. Maxima and minima with the smallest At
separation (see image) are considered to represent the same seismic event. This res-
ults in dip values at all extrema positions. Resampling these values to the seismic

sampling rate yields the Steering data at the central trace position.
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A= 27 Inline Stepout

Finding dip in Inline direction
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The maximum dip (us/m) parameter determines the search gate on the neighboring
traces within which a maximum, or minimum must be found. The parameter ensures

unrealistic dips are found, which may happen in noisy areas.

Also Steering supports optional application of smoothing filters. The default is not to
smooth as smoothing filters can also be applied in a separate step afterwards (see Fil-

ter SteeringCubes).

The OK button starts the single machine, or multi-machine processing mode. For more
information on single and Distributed Computing, open the help menu from the Dis-

tributed Computing window.
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4.3 Filter

SteeringCubes can be smoothed by a median or average filter during creation, or post-
creation. Typical filter settings to create a Background SteeringCube from a Detailed
SteeringCube are: Median filter with stepouts: 3,3,3, or 5,5,5, or 3,3,7 (to emphasize

smoothing in the vertical direction).

—

Input Steering Cata E I"& | 3 Steering BG Background

Volume subselection | 1000300-TS0M 250 (483 samples)

Fiter type @I Median ID Average

Fiter stepout (inlcrlsample) | 1 EIE [ g

Output Steering |

Batch execution |5ingke Process - |

Select the input SteeringCube and, optionally, the sub-volume to process. The median
filter stepout settings are defined in samples, regardless of sampling rate. Batch jobs
can be processed on a single machine or distributed over multiple machines. For more
information on single-machine and distributed processing, open the help menu from

the Distributed Computing window.
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4.4 Display SteeringCube

Once the SteeringCube has been calculated and filtered (optional), the results can be
displayed in the OpendTect scene as a multi-component attribute, i.e on inline dip

and/or cross-line dip.

4 iy In-line
4 425 123456
=rght-click> 2 Steering BG Detailed
: Crossdine | selectétiibute  » Stored Cubes  » 2 Steering BG Detailed with planarity
Z-slice ; )
@ volume Ll ' Atfributes 3 Steering BG Background
~ RandomLine || RCMOve Steering Cubes  » 3b Steering FFT225 MF112

Workflow -

1} Select multiple attributes and press "0OK”.

2} Wait until the attributes are loaded and displayed

3) Make sure the attribute tree-item iz still selected and click on the corresponding object in the scene
4} Prezs the Pagelp ! PageDown key to scroll through the individual attributes

] -

[ ] Inline dip
[ ] Crossline dip
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4.5 Attributes with Steering

See the following chapters below.

4.5.1 Curvature Analysis

Curvature can be used as input to other attributes. The Volume Statistics attribute, in
particular, proves to give very useful outputs. Just select the Curvature attribute as
input and select the output statistic. For Fault Detection, 'Variance'is a suitable output

statistic.

A local surface is constructed at the evaluation point by following the dip information
from the SteeringCube. The Curvature attribute specified in Output is then calculated
according to Roberts (2001). In his Feb. 2001 First Break article, Roberts defines
Curvature as a two-dimensional property of a curve that describes how bent a curve is
at a particular point in the curve, i.e. how much the curve deviates from a straight line.
The same concept is used to describe the Curvature of a surface. Curvature is meas-
ured on the curve which is the intersection between a plane and the surface. Since this
can be done in numerous ways, there is an infinite number of Curvature attributes that
can be calculated for any plane. The subset implemented here relates to the most use-
ful subset of Curvatures that are defined by planes that are orthogonal to the surface
and which are called normal Curvatures. A positive Curvature corresponds to an anti-
cline and a negative Curvature indicates a syncline. A flat plane has zero Curvature.

The application suggestions are from Roberts (First Break, Feb 2001).
Outputs

Mean Curvature: The average of any two orthogonal Normal Curvatures through a

point on the surface is constant and is defined as the Mean Curvature. Minimum and

Maximum Curvature (see below) are orthogonal surfaces, therefore the Mean
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Curvature is also the sum of Minimum and Maximum Curvature divided by two. The
Mean Curvature is not considered a very important attribute for visualization purposes,

but it is used to derive some of the other attributes.

Gaussian Curvature: is defined as the product of the Minimum and Maximum

Curvature. It is sometimes referred to as the Total Curvature. The Gaussian Curvature
is not considered a very important attribute for visualization purposes, but it is used to

derive some of the other attributes.

Maximum Curvature: From the infinite number of Normal Curvatures there exists one

curve, which defines the largest absolute Curvature. This is called the Maximum
Curvature. The plane in which Maximum Curvature is calculated is orthogonal to the
plane of the Minimum Curvature. This attribute is very effective at delimiting faults and

fault geometries.

Minimum Curvature: is the smallest absolute Curvature from the infinite number of

Normal Curvatures that exist. The plane in which Minimum Curvature is calculated is
orthogonal to the plane of the Maximum Curvature. The Minimum Curvature is often
quite noisy, but it can sometimes be a good diagnostic in identifying fractured areas.

Also, itis used to compute other Curvature attributes.

Most Positive Curvature: returns the most positive curvature from the infinite number of

Normal Curvatures that exist. The attribute reveals faulting and lineaments. The mag-
nitude of the lineaments is preserved but the shape information is lost. This attribute

can be compared to first derivative based attributes (dip, edge, and azimuth).

Most Negative Curvature: returns the most negative curvature from the infinite number

of Normal Curvatures that exist. The attribute reveals faulting and lineaments. The mag-
nitude of the lineaments is preserved but the shape information is lost. This attribute

can be compared to first derivative based attributes (dip, edge, and azimuth).
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Shape Index ( Si ): is a combination of Maximum and Minimum Curvature that
describes the local morphology of the surface independent of scale. The attribute may
reflect e.g. whether the surface corresponds to a bowl( Si=-1), a valley (Si=-1/2 ), ridge
(Si=+1/2'), a dome ( Si=1) or it is flat ( Si=0 ). Because the attribute is not affected by
the absolute magnitude of Curvature, it is reported to be useful for picking up subtle

fault and surface lineaments, as well as other patterns.

Dip Curvature: returns the Curvature of the intersection with the plane that defines the

dip direction of the surface. This plane is orthogonal to the plane for the Strike
Curvature. This Curvature method tends to exaggerate local relief contained within the
surface and can be used to enhance differential compacted features such as

channeled sand bodies and debris flows.

Strike Curvature: (also known as Tangential Curvature) returns the Curvature of the

intersection with the plane that defines the strike direction of the surface. This plane is
orthogonal to the plane for the Dip Curvature. The attribute describes the shape of the
surface. It is extensively used in terrain analysis, e.g. to study soil erosion and drainage
patterns. The attribute reveals how shapes are connected, e.g. how ridges are con-

nected to the flanks of anticlines. It may be useful for fluid-flow studies.

Contour Curvature: (also known as Plan Curvature) is not a Normal Curvature. Itis very

similar to the Strike Curvature and effectively represents the Curvature of the map con-
tours associated with the surface. Contour Curvature values are not very well con-
strained, and large values can occur at the culmination of anticlines, synclines, ridges,

and valleys.

Curvedness: describes the magnitude of Curvature of a surface independent of its
shape. The attribute gives a general measure of the amount of Total Curvature within

the surface.
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4.5.1.1 Volumetric Curvature

Returns Curvature properties from a SteeringCube

At every sample location, a 'virtual local horizon' is constructed on which the curvature
is calculated (from the SteeringCube). This 'local horizon' is converted to depth in time
surveys, which is why a velocity input is required. The output attribute is a 2D dataset or
3D volume that may be applied (projected) along horizons. Using a large stepout with a
detailed SteeringCube in this attribute gives similar results as using a strongly filtered

SteeringCube but with a small stepout. However the attribute runtime will be different.

For further detail, including descriptions of the output options, below, please refer to

Curvature Analysis.

The Curvature options in OpendTect are shown below:

File

Bl AN LT 10

Atribute set [<a + || curvature |
Inl'Crl stepout

Constant velocity (@) Yes () Mo

Velocty (mis) | 2500

Output [Mean curvature = |
Mean curvature A
Steering | Gaussian curvature
Maximum curvature
" Minimum curvature
Steering Data @ @ Most pos curvature v| | 9 Select ... |

' Most neg curvature

Shape index
' Dip curvature

Strike curvature
A Contour curvature hd
24
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4.5.1.2 Horizon-Based Curvature

Horizon Curvature can be calculated along horizons either via Processing > Create
Horizon Output > Horizon Curvature...:

Input Herizon E

Area zubselection

InlCrl stepout K]

Velocity (mis) | 2500

Curvature type | Mean curvature

Cutput Mame | Horizon Curvature

{:} Execution Options ...

or via the tree, directly onto the selected horizon:
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4 ¥ 30 Horizon

4 Demo 0 —= FS4

Zvalues
~4 2D Horizon
Fault
FaultStickSet
@ Body
& well
' PickSet
D Palygon
Sy Prestack Events
[ Annotations

Add
Display
Tracking
Tools

Waorkflows

|l =L

Save

Save as

Lock Treeitem
Remove from Tree

Create Flattened Scene

Compute Horizon Curvature ...
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Write Flattened cube ...
Calculate Isochron ...
Calculate Yolume ...
Pick Horizon Diata ..
Quick UvVQ ...




Compute curvature for horizon "Demo 1 —= MFS54°

In'Crl stepout

Velocity (mis) | 2500

Curvature type | Mean curvature

Qutput Name | Horizon Curvature

O ok ©) cancel

This input horizon is converted to depth in time surveys, which is why a velocity input is
required. The output attribute is added on the horizon when using the tree menu, or as
a grid in the database for that horizon when using the processing menu. Note that the
first calculation is done within the current session, while it is done in batch from the pro-
cessing menu (recommended for large horizons and/or large stepouts). For further

detail, including descriptions of the output options, below, please refer to Curvature

Analysis.
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4.5.2 Dip

Returns dip/azimuth from a SteeringCube

File

Bd KB XN 0T 10

it s = - oo -]
Steering Data | 3 Steering BG Background v| | e Select ... |

Polar dip
Azimuth

In-line dip
Cross-line dip
Apparent dip

Description: The inline and crossline dips of a SteeringCube are transformed to the
requested Output type (Polar dip, Azimuth, Inline dip, Crossline dip). When the Steer-
ingCube was computed from seismic data sampled in time, the dips in a SteeringCube
are apparent dips (slowness), and the returned attribute will also represent apparent

dips. To compute real dips, please use the dip angle attribute.
Outputs

Polar dip: attribute converts extracted inline and crossline dips to polar dip, or true (geo-
logical) dip. The polar dip is the square root of the sum of (inline dip)2 and (crossline

dip)2. The polar dip is thus larger or equal to zero.

Dips are given in pyseconds/meters in time surveys (millimeters/meters in depth sur-
vey), since they are a ratio between a vertical length and a horizontal distance. The dip

angle attribute may be used to convert the polar dip output into degrees.

Along a 2D line the polar dip will return the absolute value of the line dip, the

dip along the 2D line.
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Azimuth: attribute returns the Azimuth of the dip direction in degrees ranging from -180
to +180. Positive azimuth is defined from the inline in the direction of increasing cross-
line numbers. Azimuth = 0 indicates that the dip is dipping in the direction of increasing
cross-line numbers. Azimuth = 90 indicates that the dip is dipping in the direction of

increasing in-line numbers.
. Thisoutputis not available in 2D.

Inline dip: returns the dip along the inline direction as extracted by the steering

algorithm. It is the first stored component of the SteeringCube, in ys/m or mm/m.
«  Thisoutputis not available in 2D.

Crossline dip: attribute returns the dip along the crossline direction as extracted by the

steering algorithm. It is the second stored component of the SteeringCube, in us/m or

mm/m.

.  Thisoutputis not available in 2D (use line dip for 2D survey instead).

Line dip: returns the dip along the 2D line. Computed steering lines are also two-com-
ponent files with the first component equal to zero for all samples. The line dip is the

second component.

This output is not available in 3D. (use inline dip and/or crossline dip

instead)
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4.5.3 Dip Angle

The dip angle attribute converts the apparent dip (slowness-us/m) into degrees. It cal-
culates the true dip from the apparent dip (slowness). If no velocity model is available,

specify a constant velocity in the velocity field. The velocity should be given in meters

per second (m/s).

fesd Attribute Set 3D - B
File
‘Ueva&%ﬁg
Aftribute set |=not saved= ~ || Dip Angle hd ?
Input Dip Attribute | 4 Dip steered median filter hd 6 Select ...
Constantvelocity ® Yes () Mo

Velocity (m/fs) | 2500

The dip angle is calculated as follow.

Dip Angle = Tan! {

xF ) in time domain

Dip Angle = Tan! ¢ D[;;::'] 10 depth domain

where TWT-dip is in micro seconds per meter and Z-dip is in millimeters per meter.

. OpendTect uses Sl-unit systems.
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4.5.4 Position

Position attribute returns any attribute calculated at the location where an other attrib-

ute has its minimum, maximum, or median within a small volume.

fesi Attribute Set 3D - B
File
Bd AN T 150
Aftribute set | =not saved= =All= ~ || Paosition ~ ?
Input attribute | 4 Dip steered median filter A 6 Select ...

-

Stepout |inl:0 |3 |crl0 (=
Time gate (ms)

Steering | Mone -

==

Operator | Min hd
Output attribute | 4 Dip steered median filter hd 6 Select ...
¥
—
Aftribute Namea Add as new [“
Save on Close a Help

Description: The input attribute defines the attribute that is used to determine the pos-
ition at which the output attribute has to be calculated. The stepouts, time gate, and
steering define the volume in which the input attribute is evaluated. The Operator
determines which position is returned from this analysis; The position of the minimum,
maximum or median of the input attribute. This position is the position at which the out-

put attribute will be calculated.
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For example, one can determine where in a small volume the energy is minimal, and
output the frequency at the location of this lowest energy. Another way of applying this
attribute is to output Dip-steered filtered data at minimum values in areas where faults

are present. In this way, the noise is reduced and the faults are sharpened.

Steering: In Central Steering the local dip information at the reference point is followed
from trace to trace until all samples in the specified search radius are found. Central
steering thus collects the input values along a dipping plane. In Full steering the dip
information of the reference point is used only to find the position (and value) of the
adjacent trace. The dip information at this new position is then used to find the position
(and value) of the next trace and so on, until all samples in the specified search radius
are found. Full steering thus corresponds to collecting the input values along a curved
surface. In Constant direction the steering information is user-specified. The range of
the Apparent dip is more than zero, and the Azimuth is defined from the inline, in the dir-

ection of increasing crossline-numbers. The azimuth ranges from -180 to 180 degrees.

In all forms of Steering the amplitude values at the intersection of trace and Steering

surface are determined by interpolation.
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4.5.5 Reference Shift

The Reference shift attribute moves the extraction position in 3D space.

= Attribute Set 3D = =
File
\‘.GEBB%WL
Attribute set |=not saved= ~ || Reference shift A ?
Input Data | 4 Dip steered median filter hd 6 Select ...

Shift |inl:0 5 crl:0 5] Time (ms) 0

Use steering (@ Yes () No
Steering | Full -
Steering Data “é;, 2 Steering BG Detailed W 6 Select ..

Description: The Input attribute is extracted at the shifted position. Original reference
(extraction) point has inline crossline coordinates (0,0). Relative number 1 means the
next inline or crossline, respectively. The vertical shift is specified in ms using the Time

option, or can be derived using Steering.
Steering is specified in one of the following ways:

* None: The reference position is not shifted vertically.

* Central: The reference position is vertically shifted according to the dip and azi-
muth information at (0,0,0) from the SteeringCube.

* Full: The reference position is vertically shifted according to the dip and azimuth
from the SteeringCube, from trace to trace from the starting position (0,0,0) to the
position specified at Inl/Crl shift.

» Constant direction: The reference position is vertically shifted according to a user

defined Apparent dip and Azimuth.
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Shifting the reference position is a form of directivity that is useful in multi-attribute ana-
lysis. For example, to highlight flat spots, one may consider training a neural network

on attributes extracted in three horizontally aligned windows.
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4.5.6 Similarity

The Similarity attribute returns trace-to-trace similarity properties

= Attribute Set 3D = =
File
hd AR IR T 1598
Aftribute set =not saved= =All= > || Similarity hd ?
Input Data | 4 Dip steered median filter A e Select ...
Time gate (ms) |-28 28
Extension | Cross =
Stepout inl:1 (5 crli1 =
Steering | Mone -
4
]
Output statistic | Average -
Attribute Mame Add as new E“
Save on Close e Help

Description: Similarity is a form of "coherency" that expresses how much two or more
trace segments look alike. A similarity of 1 means the trace segments are completely
identical in waveform and amplitude, while a similarity of 0 means they are completely
dis-similar. Consider the trace segments to be vectors in hyperspace, similarity is then
defined as the euclidean distance between the vectors, normalized over the vector
lengths. The trace segments as defined by the Time gate in ms and are found by Steer-

ing from the reference point to the specified trace positions. Positions are specified in
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relative numbers (see figure). The Extension parameter determines how many trace

pairs are used in the computation, see below.

Crossline |
(-1, 1) {'-"1 1) i1, 1)
i1, @) T
e =
L T |
e
|

Inline

Definition of trace positions relative to the reference point at (0,0)

Extension: With None specified, only the trace pairs specified in trace positions are
used to compute the output. Mirror at 90 degrees and Mirror at 180 degrees means that
two similarities are computed: for the specified trace pair and for the pair that is
obtained by 90 or 180 degrees rotation, respectively. The average, minimum or max-
imum of these pairs as specified in Output statistic is returned. In Full block all possible
trace pairs in the rectangle defined by Inl/Crl stepout are computed. The statistical prop-

erty specified in Output statistic is returned.

Steering: In Central Steering the local dip information at the reference point is followed
from trace to trace until all samples in the specified search radius are found. Central
Steering thus collects the input values along a dipping plane. In Full steering the dip
information of the reference point is used only to find the position (and value) of the

adjacent trace. The dip information at this new position is then used to find the position
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(and value) of the next trace and so on, until all samples in the specified search radius
are found. Full steering thus corresponds to collecting the input values along a curved
surface. In Constant direction the steering information is user-specified. The range of
the Apparent dip is more than zero, and the Azimuth is defined from the inline, in the dir-

ection of increasing crossline-numbers. The azimuth ranges from -180 to 180 degrees.

In all forms of steering the amplitude values at the intersection of trace and steering sur-

face are determined by interpolation.
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4.5.7 Volume Statistics

The Volume Statistics attribute returns statistical properties from a small sub-volume

e Attribute Set 3D = =
File
hd KR TR T 159
Aftribute set | =not saved= =All= | |Volume Statistics = ?
Input Data | 4 Dip steered median filter hd 6 Select ...
Time gate (ms) -28 28 Allow edge effects
Shape | Cylinder hd

-

Stepout |inl:1 (3 |crl1 (=

Min nr of valid traces |1 =

Output statistic | Average -
‘ Steering | Full -
# Steering Data Hé} 2 Steering BG Detailed W 6 Select ...
24

Description: The statistical property specified in Output statistic is returned. The input
values are collected from a cube (rectangle) or cylinder (ellipsoid) around the reference
point defined by parameters: Time gate, Shape and Inl/Crl stepout. Optionally Steering

is used to obtain the trace segments of the input sub-volume.

Steering: In Central Steering, the local dip information at the reference point is fol-
lowed from trace to trace until all samples in the specified search radius are found. Cen-
tral Steering thus collects the input values along a dipping plane. In Full steering the dip
information of the reference point is used only to find the position (and value) of the
adjacent trace. The dip information at this new position is then used to find the position
(and value) of the next trace and so on, until all samples in the specified search radius
are found. Full steering thus corresponds to collecting the input values along a curved

surface. In Constant direction the steering information is user-specified. The range of
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the Apparent dip is more than zero, and the Azimuth is defined from the inline, in the dir-

ection of increasing crossline-numbers. The azimuth ranges from -180 to 180 degrees.

In all forms of steering, the amplitude values at the intersection of trace and steering
surface are determined by interpolation.
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4.5.8 Perpendicular Dip Extractor

This attributes works similarly to the volume statistics attribute, with one very important

exception:

The time gate used for the extraction of the amplitudes is not vertical, but is per-
pendicular to the layer dip. This layer dip is read from a SteeringCube, which is why it is

not possible to toggle off the full steering for this attribute.

Using this attribute instead of the standard volume statistics will most often return more
"correct" amplitudes, because the extraction is done in the same geological layer with a
real constant thickness, whereas a vertical time gate would represent an apparent thick-

ness, varying through the survey.

- 396 -



4.6 Benchmark SteeringCube Creation

In this chapter the quality and speed of the available steering algorithms are compared
in order to assist in your choice of the correct SteeringCube algorithm. First, the results
of a test on a standard data set are presented to give an indication of the speed of Steer-
ingCube calculation versus the chosen algorithm and calculation cube size parameter
(where applicable). Then, a visual quality check on one of the inlines is presented. This
is done by checking the crossline dip, which is directly extracted from the Steer-
ingCube, and by reviewing the steered similarity, which uses information derived from

the SteeringCube.

The final output quality is determined not only according to the steering algorithm. The
size of the calculation cube also plays an important role. Next, the application of addi-
tional dip-steered median filter influences on the output quality are presented and

finally, the use of dip limit.
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4.6.1 Speed vs Algorithm and Calculation Cube
Size

In Figure 1 the relative calculation speed is displayed for the different algorithms. The
test was done on a cluster of 6 computers using distributed computing. The input cube
has 817811 traces. Each trace has 1551 samples with step of 4 ms, making a total of

6200 ms. Calculation speed is measured in traces per second.

Figure 1. Comparison of relative speed of the different steering algorithms.
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4.6.2 Visual Quality Check

In the following sections, the crossline dip component of a SteeringCube created with
the different algorithms is presented. The figures contain the results from the Precise
FFT algorithm, the Combined FFT algorithm, the Standard FFT algorithm and the BG
Fast Steering algorithm (for technical details see Create SteeringCube) for a cube size
of 3.

Notice that the nomenclature convention used is the following:

* The FFT precise is called FFT+.

* The FFT combined is called FFT++.

* The standard steering algorithm is called FFT+++.

* The calculation cube size is specified after the algorithm (e.g. FFT7, BG5, etc.).

* The limit of dip is called maxdipXXX, where XXX is the limit in Aus/m.

* Additional filtering are called medXYZ, where X is the inline stepout, Y the cross-

line stepout and Z the sample stepout.

The inline itself is displayed in Figure 2 for reference. The inline was selected because
many geological and seismic features are visible, which enable evaluation of the per-

formance of the algorithm in different environments.

Figure 2. Seismic data of the test inline.
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4.6.3 Crossline Dip Attribute

The crossline dip is one of the two SteeringCube components (together with inline dip)
and is related to the dips projected in the crossline direction. In Figure 3 to Figure 5 the
crossline dip is displayed for the algorithms mentioned in Figure 1 with cube sizes of 3,
5,and 7.

Figure 3. Crossline dip with (calculation cube size=3): precise steering (A), com-

bined steering (B), standard steering (C) and BG steering (D).

Figure 4. Crossline dip with (calculation cube size=5): precise steering (A), com-
bined steering (B), standard steering (C) and BG steering (D).
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-300 FFTS+++

Figure 5. Crossline dip with (calculation cube size=7): precise steering (A), com-

bined steering (B), standard steering (C) and BG steering (D).
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From Figure 3 to Figure 5 it is notable that there is no significant difference between the
combined steering algorithm- (FFT++) and precise steering algorithm (FFT+)speed
and accuracy. The standard steering algorithm (FFT+++) is fast but apparently often
produces erroneous results in high dip areas. In order to avoid getting a noisy Steer-
ingCube the calculation cube-size of the FFT algorithms has to be at least 5 or 7. The
latter is the default setting. The BG algorithm has a different behaviour: a cube size of 3
seems to be sufficient, but the raw SteeringCube is useless and a median filtering

appears to be mandatory.
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4.6.4 Filtering of the SteeringCubes

Figure 6 and Figure 7 show the results after applying a median filter with different step-
outs to the steering cubes. It is apparent that no lateral filtering and only a small vertical

filtering, gives the best result with the FFT algorithm.

The BG steering needs to be filtered in the lateral and vertical direction. The best res-
ults were obtained with median filter with step-outs 1 1 3. After filtering, the outputs of
the precise steering with cube size 7 and median filtered with step-out of 2 only in the
vertical direction (FFT7+ med002) and Fast BG steering median filtered with the step-
outs 1 1 and 3 (BG3 med113) are very similar in accuracy. However, the latter is pro-

duced 10 times faster.

Figure 6. Filtering of FFT+ using calculation cube size = 7: raw (A), median filter
with step outs 0 0 2 (B), median filter with step-outs 0 0 4 (C), median filter with
step outs 11 2 (D).
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Figure 7. Filtering of BG steering using calculation cube size=3: raw (A),
median filter with step-outs 0 0 2 (B), median filter with step outs 1 1 1 (C),
median filter with step outs 1 1 3 (D).
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Figure 8 shows that adding a dip limit during the processing does not affect the speed
of the algorithms. The final result is strictly identical when the dip is lower than the limit
L, and the extreme values are rounded toward L. Using a limit requires a priori know-

ledge and is in the end a choice of the interpreter.

Figure 8. Filtering of FFT+ using calculation cube size=7: median filter with
step-outs 0 0 2 (A) median filter with step-outs 0 0 2 and maximum dip of 300

(B), and filtering of BG steering using calculation cube size=3: median filter
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with step-outs 1 1 3 (C), median filter with step-outs 1 1 3 and maximum dip of
300 (D).
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4.6.5 Steered Similarity Attribute

Figure 9 displays the Similarity attribute for the algorithms FFT+ and BG. As an extra
reference, the non-steered similarity is added. All figures were calculated with the time
gate [-32,32] ms.

Figure 9. Positive curvature using perfect FFT (time gate from[-32,32]ms): no
steering (A), precise steering with cube size =7 (B), BG steering with cube size
=3 (C).

B : , ‘.:I_'.'-l' .i-:}‘lr -—ﬁi&' :-:;- ¥ -.'_.._;.:J- C
r. T . E:M-ﬁ::;i:ﬂbﬁ -
Full Steered Similarity [-32,32] ms
on FFT7+ med00z2 on BG3 medi13

- 408 -



4.6.6 Choosing a Steering Algorithm

Different Steering algorithms are available. The precise FFT algorithm yields an almost
perfect SteeringCube at the costs of considerably longer calculation times. The BG
Fast Steering algorithm seems to fit 95% of the situations and is very fast. dGB recom-
mends the use of this algorithm, using its default calculation cube size of 3 and addi-

tional median filtering 113.

Although depending on the geology, data quality, available computation time and pur-

pose other choices can be made. A number of examples are presented:

* For a dataset of good quality with only small and low variance in dips, the BG Fast
Steering method performs well enough. With a median filtering with step-out 1 1 3
applied the result is already very acceptable.

* For a poor quality dataset, one of the FFT algorithms should be used because the
BG Fast Steering algorithm is sensitive to noise and will produce too much out-
liers. Minor vertical filtering might also help improve the results.

* For detailed studies at target level, the precise FFT algorithm can be considered
for a sub-volume within the area of interest.

* When creating chrono-stratigraphy, the Steering is optimal because it looks for

similar events (min, max) on neighboring traces in inline/crossline directions.

It is always possible to go back and spend much more time in producing a Steer-

ingCube using the FFT precise algorithm.
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4.7 Track Using Inversion

This seismic horizon tracker generates one or more horizons from a Steering Cube (dip
volume). The tracker uses a constrained, inversion-based algorithm that globally min-

imizes the error between horizon dips and seismic dips (Wu and Hale, 2015).

A confidence weight volume is recommended for faulted intervals. A good confidence
weight volume is given by the “Planarity” attribute. Planarity is computed in the “Faults
& Fractures” plugin, It is a measure of “local flatness” of a seismic event. When used as
a confidence weight volume in the unconformity tracker it assigns low weights at fault
positions and high weights at good reflectors. A flipped discontinuity attribute like sim-
ilarity, semblance, or Thinned Fault Likelihood can be considered as alternatives to

planarity.

The unconformity tracker is a general-purpose horizon tracker that can be used among

others to:

* Map unconformities (events that change laterally and are therefore difficult to
map using conventional amplitude / similarity trackers)..

* Map horizons at intra-reservoir scale levels that tie exactly at given well markers.

* Fast-track mapping of seismic events, e.g. for constructing a structural frame-
work, to constrain a HorizonCube, or to build low-frequency models for seismic

inversion.
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Steering Data 2 Steering BG Detailed - [ select ..

Volume subselection 100/300-750/1250 (463 samples) 9 Select .

Pickset Color Options Haorizon E.j

Horizon 1 Constraint 1 - Surface constrained by Constraint 1
_ T

Horizon 2

Horizon 3 B
Horizon 4 B
Horizon 5 @
[¥| Execute in Batch |4 - Optfions ... [Pmcessing parameters ]

LoRun |@Close|‘ @ Help \

Main window for the Unconformity Tracker

The workflow can be started in three ways:

* Insert a new horizon in the table for picking | @

Click on the “Pick Seeds” icon -- and manually pick a set of locations.

Click on the “Load existing Pick Set” icon = to open an existing pick set.

Click on the “From Wells” icon ’é‘ and select one or several marker sets and the

wells.
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Seeds can be added or removed thereafter regardless of the origin of the pickset, either
interactively or using the table editor under the Edit options. At least one seed is

required for each horizon to be tracked using this tracker.
Inputs

* A pre-processed SteeringCube is mandatory. This SteeringCube must be filtered
to have less noise. A typical Detailed SteeringCube should be a good starting
point.

» Set of locations (from well makers and/or manually picked positions.

* Optional: confidence weight volume (planarity, flipped Thinned Fault Likelihood,

).

Adding Well Markers

Multiple markers from multiple wells can be selected in the Select well markers window

%% Each selected marker adds a row to the table in the main window. The set of

(manually-picked / markers) locations can be QC-ed and edited by pressing the Edit
button. To add more picks, select the relevant row, press the Pick Seed button and

manually pick positions to add.
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Select well markers = ':'

Select markers from one or several wells

] =

[ ] Seasurface A
[ ] MF311

[ ] F311

[ ] MF310

[ ] MF39

|:| MFS3

[ 1 Fs8 u

For selected wells:

[ ] = Filter *

[ ] FO2-1 i
[ ] FO3-2

[ ] FO3-4 “
] FoB-1

X

a 0K () Cancel

Selection of well markers is done here. Multiple markers can be selected. Each marker

will create a horizon.
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Lt

e Edit Seeds

Il Crl £(ms) Qrigin
Seed1 425 603 174312271309 User Pick
Seed 2 425 7493 1736.88939612 User Pick

Display Only at Sections Apply to all

() Close

| 9 Help

Edit Seeds window will show the origin (user defined or wells) of the picks. By default

the seeds are displayed on sections (e.q. inlines/crosslines only). To view in 3D, you

may want to toggle this feature off.

Processing Parameters
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@Processing parameters = ’ﬁ

Apply fault dips @ Yes () No
Faults F, Fault A. ©) Select ...
c [ N r'1
Confidence weight Planarity Volume]| ~ |© Select ...

[] Flip weight

Confidence Power 6 5

_ = e

Number of Horizon updates 10 =
F=Y

Advanced CG Solver parameters

Number of CG Solver Iterations 200 %
Solver residual error 0.01
Preconditionning filter stepout inl:6 = cri6 =
Inversion operator weight 0

| @ Close || @Help |

* Manually interpreted faults are provided by setting apply fault dips to yes, which
will perform two tasks:
» Calculate fault dips and update the SteeringCube.
* Update the planarity cube at fault location by setting a minimum value of
0.01.
* Itis not recommended to use the faults without a confidence cube.
* A confidence weight volume is optional. It is only required if the interval is faulted.
If the given volume has higher weights (e.g. near to 1) at the fault weights, you
may flip the weights (1 — input) to minimize the effect of erroneous dips at fault loc-

ations.
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* A planarity volume — as a confidence weight — can be created by pressing the
Create button. This will create a SteeringCube with a planarity volume as a third

component.

4 Create Dip Volume | — &l
Input Cube 4 Dip steered median filter v ‘9 Select ‘

Volume subselection - ‘e Select ‘

Y

Stepout Calculation (inlcrli/sample) inl:1 = crl:1 2 Z:|

4|k

Maximum dip (us/m) 800

With planarity @ Yes () No

Output Steering Cube SteeringCube with Planarity v |e Select ‘

Batch execution | Single Process v] ‘;_.; Options |

| @ Run H QCIDSEH @ Help ‘

The following result is produced with a confidence weight volume. With a power of 8
(vellow horizon) the event is correctly located when compared with the power of 2

(orange horizon).
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* When the batch processing finishes, the right component is chosen to select as a

confidence cube (see below):

"éj Processing parameters
- i i = Load Cube E=8EoE %
Apply fault dips () Yes @ No ;
Select Confidence weight
Filter *
7| Confidence weight || 8| 2 SC_with_Planarity|Planari - w
9 Vi i ty 2 SC_with_Planarity - @
F A 2 Steering BG Detailed M
Flip weight T
[ Fiip weig 2 Steering BG Detailed with planarity @
Confidence Power 6 3 73 | |3 Steering BG Background
=7 |> 4 Dip steered median filter rect <
Number of Horizon updates 10 = bg_333_500-1300ms
BugTest =
_ R o
Advanced CG Solver parameters ‘ L v
Number of CG Solver lterations 200 = Component
Solver residual error 0.01 O ok ] [Q Cancell [ @) Help l
Preconditionning filter stepout inl6 5 cri6 = - GRS S, il Ay e

* A power function is applied to the confidence weights (planarity). Its value is
trivial. However, we recommend using a power of 6 or higher. A higher value
increases the contrast between faults and continuous reflectors (see below).

* The Number of Horizon updates field (max. 100) is the number of times the hori-
zon is changed and horizon dips are re-calculated. The quality of the results
increase logarithmically with increasing number of horizon updates. After a cer-
tain number of updates, typically 10, the horizon will effectively not change fur-

ther. If such a situation occurs, we consider that the results are fully converged
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and the best possible solution is achieved.

* The core of the algorithm is a preconditioned Conjugate Gradient ‘CG’ solver,
which attempts to solve a system of linear equations. This algorithm is controlled
with the following parameters:

* lterations: The maximum number of iterations the GC solver is run to solve
the inverse problem.

* Residual error: The threshold value below which the GC solver stops.

* Preconditioning filter stepout: Is a recursive filter to smooth the horizon
and minimizes abrupt jumps (max. 10).

* Inversion Operator Weight: This parameter is trivial and helps in over-
riding the dips in bad data quality areas. If it is larger than 0 (max. 1), the
weighted dip derivatives are subtracted from the dips obtained from hori-
zons to minimize the erroneous dip effects. By default, we do not recom-
mend adding such weights. The Confidence Weight volume mostly controls

such effects.

Larger Surveys

For larger datasets (e.g. volume size > 5GB) with limited RAM, we recommend decim-
ation of the results. This can be done in the volume sub-selection. One may upscale the

lateral stepouts (Inline/Crossline) to produce a horizon.

Reference

Wu, X., and Hale, D. (2015) Horizon Volume with Interpreted Constraints, Geophysics,
v80, Issue 2, IM21-IM33.
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4.8 Track Using Inversion+

This seismic horizon tracker combines amplitude tracking and tracking from seismic

dips.
‘Eﬁ Inversion+ tracker — O X
Steering Data ‘3 Steering BG Background V| ©) select ...
Input Seismic a 5“‘# ‘4 Dip steered median filter V| ©) select ...
Volume subselection 100/300-750/1250 (463 samples) | © select ...
PointSet Color Options Horizon oo’
Horizon 1 éOonstraint - Edit ... | Surface constrained by Constraint 1 :9
=¥
=
Execute in Batch |1 Options ... Processing parameters ...
o Run €3 Close 9 Help

‘5& Processing parameters — O

Apply fault dips O Yes @® No

[] Confidence weight a SE% - |E) Select ...| | Create

Flip weight

-

Confidence Power 6 S

CRe @~

Correlation Method @ Event Tracking (' Dynamic Warping

Correlation grid spacing (nr traces)

Correlation window (ms) |40 2] 40 3

Similarity threshold |I}.6 | Confidence threshold 0.8

Number of Horizon updates |20 =




5 HorizonCube

5.1 Introduction

Seismic

v

SteeringCube
(Dip)

Wheeler Transform
Well Correlation

a Sequence Stratigraphy

GeoModel

Inversion
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HorizonCube: A plugin that auto-tracks a dense set of mapped 3D stratigraphic sur-
faces. The HorizonCube impacts all aspects of seismic interpretation work and allows
the interpreter to extract more geology from the data. The HorizonCube is used for:
detailed geologic model building, improving seismic inversion, sequence stratigraphic

interpretation (SSIS) and correlating wells (Well Correlation Panel).

Purpose: The HorizonCube will impact the entire seismic interpretation workflow, lead-

ing to significant improvements, including:

* More accurate low frequency model building and robust geological models
* Superior quantitative rock property predictions

» Easy detection of stratigraphic traps (sequence stratigraphy)

Background: The HorizonCube plugin was first launched as the Chronostratigraphy
that was part of the OpendTect SSIS (Sequence Stratigraphic Interpretation System)
plugin. It consists of a dense set of correlated 3D stratigraphic surfaces that are
assigned a relative geological age, with a corresponding colour. It was not long before
we realized the potential of the HorizonCube and that the number of applications
derived from HorizonCube exceeded just the sequence stratigraphy domain and had
applications across the interpretation workflow. The stand-alone HorizonCube plugin

was born with the 'HorizonCube' separated from SSIS.
Today, users can look forward to the following benefits:
Low Frequency Model Building and More Accurate, Robust Geological Models

In standard inversion workflows, the low-frequency model is considered the weakest
link. Now, users can create highly accurate low frequency models by utilizing all the
extracted seismic events from the HorizonCube, allowing a detailed initial model to be
built.
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In a similar fashion rock properties can be modeled. Instead of using only a few hori-
zons, all horizons of the HorizonCube are used, resulting in greatly improved rock prop-

erty models.

The HorizonCube and other Plugins .

Rock Property Predictions

The highly accurate low frequency models can be used to create geologically correct
Acoustic Impedance (Al) and Elastic Impedance (El) cubes using the Deterministic and
Stochastic Inversion plugins. To complete the workflow, the Neural Networks plugin is
used to predict rock properties from the Acoustic Impedance volume, avoiding the use
of oversimplified linear models which can not accurately describe most rock property

relations.

These advanced tools bring a high degree of precision to traditional seismic workflows,
resulting in better seismic predictions and more accurate input into the reservoir man-

agement decision-making process.

Sequence Stratigraphy (SSIS plugin)

The SSIS plugin works on top of the HorizonCube plugin. Users can interactively recon-
struct the depositional history in geological time using the HorizonCube slider, flatten
seismic data in the Wheeler domain, and make full system tracts interpretations with

automatic stratigraphic surfaces identification and base-level reconstruction.

In the near future the SSIS plugin will be integrated with the Well Correlation Panel,
enabling the HorizonCube slider and systems tracts interpretation to be integrated with

the well correlation display and its interactive functionalities.
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5.2 HorizonCube Control Center

@ HorizonCube 30 Control Center EI 23

Active HorizonCube - eSelect...

Create a SteeringCube
‘ Filter a SteeringCube
> Processing | | | Create a HorizonCube
‘ ‘ Convert to SteeringCube
Create 2D Seismic Lattice

Create Horizons from SteeringCube

Interpolate Logs along a HorizonCube
4

M 5| Analysis

% Tools

|chose| l eHelp l

It is a selection menu that can be placed anywhere on the desktop while working with
OpendTect. It is designed as a control box that contains several sub-menus inside. The

control box is used to run the following:

Data preparation

Horizons from SteeringCube

Create a New HorizonCube
HorizonCube Attributes
HorizonCube Tools

3D Slider

o0k wbd =
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5.2.1 Processing

See the following chapters below.
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5.2.1.1 Create A SteeringCube

SteeringCube is a necessary input for a HorizonCube. For the full article refer to 4.2.2

Create SteeringCube chapter.

Create Steering Cube

4 Dip steered median fiter W Q Select ... Steering algorithm | BG Fast Steeri

100/300-750/1250 (463 samples) 6 Select ... Calculation Stepout (inlcri'sample) | inl:1 EIHE

Specify Maximum dip () Yes (»

v || B Select ...

Single Process * | | %, Options ..

Fitter result | Median

Filter stepout (inl'cri’sample} |1 %l E

o« ][0
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5.2.1.2 Filter A SteeringCube

The SteeringCube can be improved through smoothing. A good SteeringCube
improves the HorizonCube calculations. Use the option Filter SteeringCube... to apply
a median filter to the SteeringCube. Adjust the needed parameters: inline/crossline
step-out, time gate size, and maximum dip according to your dataset. Filtering of the

SteeringCube is described in 4.3 Filter.

fre Filter Steering Cube = =
Input Steering Data EI 2 Steering BG Detailed W e Select ..
Yolume subselection [100/300-750M1250 (463 samples) 9 Select ...

Filter type (@) Median () Average

Filter stepout (inlicr/sample) (1 21 &)1 2]

Output Steering v| & Select..

Batch execution  Single Process MRk ®; Options ...

a 0K ) Cancel | ﬁ Help
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5.2.1.3 Create HorizonCube

A new 2D/3D HorizonCube is created from the Control Center.

@ HorizonCube 3D Control Center | — || =] ” x |
Pre-load ...
Active HorizonCube ~ |E) Select .. Reload
Create a SteeringCube
‘ Processin Filter a SteeringCube
‘ ‘ | | | Create a HorizonCube

Convert to SteeringCube
Create 2D Seismic Lattice
Create Horizons from SteeringCube

J. ] Interpolate Logs along a HorizonCube
/f I Analysis | | HorizonCube New Workflow

% Tools

| @ cClose || @Help |

The HorizonCube is created between the given horizons. These horizons are selected
(minimum of 2, top and bottom) by clicking the Read horizons button for 3D and Load
Existing Horizons icon for 2D. When the horizons are read, they are automatically
placed in stratigraphic order and the corresponding packages are defined. Each pack-
age is defined by two horizons (a top and base of the package). In case of 2D Hori-

zonCube, the input lineset/linename are selected to get the input geometrical
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information. This 2D lines selection is made by pressing the Select button next to the

LineSet/LineName field in the HorizonCube Creator 2D window.

[\ﬂ HorizonCube Creator 3D \E’
Faults Fault A (AllowCross), Fault B (AllowCross). | £) Select __

HorizonCube calculation mode

Horizon Mode il
Demo 6 —> FS8 [Data Driven: Multi-horizon inversior =
Demo 4 --> Truncation l Settings ... 7
Demo 4 --> Truncation [Data Driven: Multi-horizon inversior v]
Demo 1 —-> MFS4 l Settings ... ]

Area subselection 104/302-748/1248 (463 samples) 9 Select ...

Output HorizonCube Data-driven HorizonCube| v |©) Select ...
Batch execution [Single Process v] . Options .

[ @Rrun || @ close || @ Hebp |

] 2D HorizonCube Creator = B
& V%
Select working in | Well correlation-Line | | ©) select ... |
Steering Data ‘%% | Steering vl | © Select . |
Faut | - | | © sekct..| | Clar

Framework horizons

Horizon Seed color Options

Horizon 1 20 Demoi - MF34 _

Horizon 2 20 Demol - FS4

QI [® e[ [3] <

| © closs || € tep |




HorizonCube Creator-3D HorizonCube Creator-2D

HorizonCube Models

Three models are based on interpolation and one model uses a data driven approach:

Linear Parallel Parallel Data driven
interpolation to upper to lower

* Proportional: The proportional model can also be used for 3D Stratal Slicing. In
settings, the user can specify the spacing between two HorizonCube horizons.

» Parallel to upper: This model best depicts the lapout patterns, such as onlaps. In

settings, the user can specify vertical spacing between HorizonCube horizons.

» Parallel to lower: This model relates to upward truncation patterns. In settings, the

user can specify vertical spacing between HorizonCube horizons.

» Data driven: This model is driven from data based upon steering information. The
HorizonCube will follow the dip and azimuth information read from a Steer-
ingCube.

° Tracking based algorithm — It tracks seismic horizons from a single start
position by following a SteeringCube along a line or in 3D.
° A global inversion scheme to create a HorizonCube. This is quite similar to

the concept of the Unconformity Tracker.

HorizonCube Creator 3D Options
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Fault: 3D faults or 2D faultsticksets are selected from the main HorizonCube creator

dialog. The user can select more than one fault / faultstickset.

@) Fault selection - O X
Name Boundary Type Add ...
Fault 1 FaultA AllowCross K, Remove
‘AllowCross

ForbidCross (DataDriven)
AllowMinInlToFault (ModelDriven)
AllowMaxInlToFault (ModelDriven)
AllowMinCriToFault (ModelDriven)
AllowMaxCrlToFault (ModelDriven)

oCanceI e

AllowCross means the faults are completely ignored and the HorizonCube is created

as if there were no faults.

ForbidCross is meant for the data driven HorizonCube trackers that can detect a fault
and avoid crossing it. So, the HorizonCube events experience a throw proportional to

the top and bottom horizons when they cross the fault.

The other options are for Model Driven methods. Since these methods do not do any
tracking, it is difficult to apply a throw. Therefore, the user can generate a partial Hori-
zonCube on one side of the fault. The different options alow choice of which side of the
fault plane the HorizonCube will be generated. For example, if a Fault plane is running
parallel to inlines, you have two fault blocks, one with lower crossline numbers and the
other with higher crossline numbers. If you want to create the HC in the lower crossline
number block, you would choose the option AllowMinCrlToFault. For the higher cross-
line number block, the option would be AllowMaxCriToFault. The same rules apply for
a fault plane running more or less parallel to a crossline. Then the two options to

choose from would be AllowMinInIToFault and AllowMaxIniToFault.
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Area Subselection: An area sub selection can be made to restrict the HorizonCube cal-
culation. Please note that the HorizonCube can also be calculated within a polygonal
area of interest. To know how to create a polygon in OpendTect, please refer to
OpendTect Help documentation. However, this feature is not supported for a 2D Hori-

zonCube.
Output HorizonCube: This field is used to give an output name for the HorizonCube.

Analyze: There are several checks being designed to quality control the failure of a
batch program running to create a HorizonCube. The cause of failure could be a bad
start position e.g. edge of survey, a trace defining a fault location, issues with the frame-
work horizons etc. Therefore, it is always suggested to Analyze the HorizonCube pro-

cessing before starting the actual processing (Go button).

Go: It starts the HorizonCube processing in a pop-up window. The batch processing
window will provide you the instantaneous progress of HorizonCube calculation. Once
the batch program prompts "Finished batch processing", the output is ready to be visu-
alized. Press "Show options" to get the possibility for remote processing (after having

pressed "Go").

For more information about 2D HorizonCube Creator window referto 5.2.1.4 2D Hori-

zonCube Processing.
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Content/HorizonCube/HorizonCube_Control_Center/Processing/Create_A_HorizonCube-Single_Line.htm
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5.2.1.3.1 Model Driven Settings

In the Specify Parameters window a user can choose between two sampling methods

for the HorizonCube events:

° Spacing at maximum thickness, for which the spacing parameter (in ms / m /ft)
needs to be specified. This sets the sampling rate of the data in the Wheeler
domain.

° Number of events that defines the number of Chronostratic events that can be

exported as horizons.

) Package 1: Demo 1--> MFS4 & De... = =

Calculation mode : Proportional

Event sampling method | Spacing at maximum thickness -
Spacing (ms) |4 =

Apply to all packages

@I oK ) cancel 0- Help

The option "Apply to all sequences" takes effect only when pressing "OK" and cannot

be undone.
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5.2.1.3.2 Data Driven Settings

In the Data Driven calculation mode the settings can be edited separately for every

package.
Parameters

» Steering Data, which is a necessary input HorizonCube creation. The quality of
the HorizonCube depends on the quality of SteeringCube itself.

e Start position, another key parameter to control the quality of HorizonCube,
defined in the Start at option in the settings dialog. The start position also defines
indirectly the number of events to be initiated in the first iteration / pass, since the

package thickness varies laterally.

' Package 1: Demo 6 --> FS8 & Demo 4 --> Truncation — &‘

Calculation mode : Data Driven: Tracking

Steering Data 0_del_me_NOW_BG111 - [© select ...

Start at: [Max thickness v]

[Pmcessing parameters ]

Apply to all packages

| QoK || © cancel| | @ Help |

* Max thickness: Ideally the start position should be at a maximum thickness
defined by the given framework horizons. Sometimes the trace defining the max-

imum thickness is either at the edge of a survey or in a poor seismic quality area.
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In such cases, the start position should not be set to maximum thickness. The
best practice is to create isochron (or isopach) maps for the given horizons and
find out the thicker areas with good quality of seismic data.

* Center: Center refers to a trace that lies in the middle of a survey.

* Inline center/ maximum thickness: It defines a trace position that lies at a location
of maximum thickness but it uses the central trace of that particular inline.

* Processing parameters for Continuous Events and Truncated Events are avail-

able and explained in the followings sub-sections.
Parameters (Multi-horizon Inversion)

Multi-horizon inversion is a data-driven technique similar to the Unconformity Tracker.

The method first creates a set of model-driven horizons between the framework (input)
horizons, which are provided by a user. A constrained position (seed) per model-driven
horizon is defined by the event sampling method. These model-driven horizons are
then iteratively updated through the unconformity tracker. Once all horizons are fin-
ished, the algorithm automatically checks for crossings between horizons and fixes

them prior to storing the horizons as a HorizonCube.
Recommendations

Since this algorithm needs to invert lots of horizons at once, we recommend running a
HorizonCube within a package. One may run a HorizonCube per package on different
machines and do vertical merging later on (via Tools which are available in the Hori-

zonCube Control Center).
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“4 Package 1: Demo 6 --> FS8 & Demo 4 --> Truncation — M

Calculation mode : Data Driven: Multi-horizon inversion

Steering Data @ 0_del me NOW BG111 -

Initial Model type [PerDﬂiDnal v

Event sampling method [Spacing at maximum thickness v]

Spacing (ms) 4 —~

Start at: [Max thickness v]

[F’mcessing parameters ... ]

Apply to all packages

[ O oK HQCancelH ) Help |

* Input Steering Data is a requirement for data-driven HorizonCube.

* Initial Model Type: Choose a right model that best describes the interval between
the framework horizons. For instance, if the zone contains an angular uncon-
formity where intra-horizons are following the base, then the optimal model would
be parallel to the lower else it could either be proportional or vice versa.

* Spacing: This controls the number of events to be created in a package. Finer the
spacing the more horizons will be produced at a cost of processing speed.

» Start at: This parameter defines the location to initiate the model based horizons.
Generally speaking, this could be a location defining the major thickness in a

package resulting in more horizons.
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* Processing parameters for the multi-horizon inversion are identical to the ones

defined for Unconformity Tracker.

The option "Apply to all packages" takes effect only when pressing "OK" and cannot be

undone.

Apply fault dips @ Yes () No (1)
Faults - € Select ..
ight iy [ - oy
Confidence weight | | 6 Select ..
[] Flip weight
[¥] Confidence Power [I]
_ B Fo
Number of Horizon updates 10 % Wy
Fa
Advanced CG Solver parameters LI- y
Number of CG Solver lterations 200 %] (1)

-
b d

Solver residual error 0.01

Preconditionning filter stepout inl:6 El crl:6 El [1}

Inversion operator weight 0 [I]
Reset

| © Close || @ Hebp |
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5.2.1.3.2.1 Advanced Options

Continuous / Truncated Events: The continuous events are fully mapped events in
2D/3D that converge / diverge with each other but are not allowed to cross each other.
The truncated events are diachronous in 2D/3D i.e. when two horizons come close to
each other, the tracking is stopped and a new horizon is initiated afterwards. The con-
tinuous HorizonCube is good for GeoModel building or for low frequency model build-
ing for seismic inversion. On the other hand, truncated HorizonCube is useful for

Sequence Stratigraphic (SSIS) interpretation e.g. wheeler transformation.
The following most important parameters apply to both HorizonCube types:

Spacing at start position:Used at the start position only. Vertical spacing between the
seeds from which the HorizonCube events will be initiated. Implies a regular sampling
of the events at the start position. The continuous HorizonCube proposes an alternative

mode (see corresponding section below).

Smallest spacing (e.g. 4) will result into a dense HorizonCube and a largest spacing

(e.g. 16) will result into a coarse HorizonCube.

Stepouts: The stepout (inline : crossline) parameters control the spatial quality of hori-
zon tracking in 3D. It defines the number of z-values (of an event) to be used to forecast
the z-value at a new trace position. By default the inline steps are setto 1 (i.e. 3 z-val-
ues on a crossline plane) and the crossline steps are set to 4 (i.e. 9 z-values on inline
plane). The smaller stepout mean faster and detailed dip field tracking and the largest
stepout are preferable for a regionally continuous event. The best practices are to test it
with asymmetric parameters (e.g. 1:4 or 4:8 or 1:12). The symmetric steps (e.g. 4:4, 8:8
or even higher 12:12) are useful to average-out very small details / noisy trails while
tracking. This parameter is a key to be tested through this utility prior to creating any
HorizonCube. It is recommended to find optimal stepout values by varying it for an indi-

vidual horizon.
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Pl

= Data Driven Advanced options - =

(@ Continuous events () Truncated events

Start at () Min/Max (® Fixed spacing

Spacing at start position (ms) |8

Fill spaces larger than 16 (ms)

by 100 3] itraces)

Maximum Nr of lterations 1 E

Stepout |inlA E cri:4 I%
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Ll

Data Driven Advanced options

_oEN

Spacing at start position (ms)

Min. spacing (ms)

Max. spacing (ms)

Stepout

() Continuous events (@ Truncated events

4

16

ink1 3]

cri:4 I%

9 Cancel
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5.2.1.3.2.2 Continuous Events

At the start position (1) numerous horizons are initiated at a user defined interval (2).
Normally, the sample rate is used here in order to initiate a horizon at every sample.
These horizons are tracked from the start position outward within the whole extend of
the survey (3). When the horizons diverge large vertical spaces between the horizons
are created, which are filled in iterative runs (4). To prevent very small vertical spaces
to be filled (with horizons that are present in the whole survey) the spaces are defined
by a vertical setting as well as a horizontal (5). A vertical space is filled when the vertical
distance between the horizons exceeds a user specified amount over a lateral extend -

the user defined number of traces-.

1) Start Position
Horizon

2) Spacing at start Positio
3) First Run (First Iteration)

4) Vertical Space filled in ///;/—
iterative (2nd) run / . }Vertical distance (ms)

Traces 5) Spaces are filed when the
vertical distance is exceeded over a
number of traces

Start at: The (Start at) radio box (for Continuous HorizonCube) is used to define the
trace position from which the horizons will be tracked. By default, Fixed spacing is used
and the corresponding constant value is filled in the Spacing at start position field. The
Min/Max relates to a given seismic cube (positive / negative amplitudes) i.e. the Hori-
zonCube events will be initiated at a start position defined by the Min/Max amplitudes

and this will not yield an evenly spaced HorizonCube at start position.

Fill spaces larger than (ms) or by (traces): This is used to specify the minimum allowed
gap vertical (in ms / m/ ft) or by distance (m / ft) to be filled in the subsequent defined

iterations.
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Max. Nr. of iterations Depending on the geologic thickness variations within a defined
package, often the gaps are found after the first iteration of a HorizonCube. To fill the
gaps in a HorizonCube the initial iteration value should be defined (either 1 or 2). The
best practice is to create a HorizonCube with 1 iteration initially and then at later stages
the gaps could be filled using the HorizonCube tools (Add more iterations). This is sug-
gested as a quality control step because the HorizonCube calculation is slower for sub-
sequent iterations. For instance, the HorizonCube with 1 iterations and smaller step
outs could be generated in 1 or two hours. However, if the iterations are 2, the Hori-

zonCube calculation time exponentially increases.

i Data Driven Advanced options - =

(@ Continuous events () Truncated events
Start at () Min/Max (® Fixed spacing
Spacing at start position (ms) (8
Fill spaces larger than 16 (ms)

by 100 5 (traces)

4k

Maximum Mr of Iterations | 1

Stepout |inl:1 [+ |crl:d |5

9 0K () cancel ﬁ Help
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5.2.1.3.2.3 Truncated Events

Min or Max. spacing (ms / m/ ft): This parameter is defined for a HorizonCube with trun-
cated events. Converging events cause one of the two events to be stopped if the ver-
tical distance becomes smaller than the minimum thickness. Diverging events cause
one additional event to be added between the two diverging events when their vertical

distance becomes larger than the maximum thickness.

Start position

Mapped horizon A il Top view

L ] L] & L) ) & &

Chronostratigraphic tracked horizon *  * ;“'""; miom

& ewsa@eoe=s @

L] L] Ll Bt L] L]

= @ Start position
Mapped horizon B

Local dip information
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Data Driven Advanced options

_oEN

Spacing at start position (ms)

Min. spacing (ms)

Max. spacing (ms)

Stepout

() Continuous events (@ Truncated events

4

16

ink1 3]

cri:4 I%

9 Cancel
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5.2.1.4 2D HorizonCube Processing

Introduction

Since version 5.0 OpendTect supports a new way of processing a 2D HorizonCube. The work-
flow is interactive and operates in regions. A region is defined as a vertical segment bounded
by horizons and faults. HorizonCube processing is performed on a line-by-line basis and per
region. Next the user interactively correlates HorizonCube segments from region to region
over the entire line. This results in a merged HorizonCube in which all segments are cor-
related and the number of horizons per segment is equal. To process grids of 2D lines the
user correlates and merges separately processed HorizonCubes into a final HorizonCube for

the grid.
HorizonCube processing for one line is performed in three steps:

1. Constructing the Framework.

a. Select an existing set of horizons and faults.
b. Optionally, add more framework horizons using the new multi-seed, dip
steered tracking algorithm.

2. Processing of HorizonCube segments per region.

3. Correlation of HorizonCubes between regions.
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HorizonCube regions are automatically constructed as closed polygons from the given set of
horizons and faults. The illustration above shows a set of geological regions that are auto-

matically constructed by the algorithm.
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5.2.1.4.1 Preparing the Framework

) 20 HorizonCube Creator =
- Le
&V
Select working line |Well correlation-Ling | 6 Select ..
Steering Data I“é | Steering vl 6 Select ..
Faut | - || O select.. Clear
Framework horizons
Horizon Seed color Options

Horizon 2 20 Demod - F54

The user interface for the HorizonCube creator supports the following:

1. Select working line: Selection of a single 2D line on which a HorizonCube is pro-

cessed.
2. Steering Data: The steering data corresponding to selected 2D line should be

provided.
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3. Faults: This option is used to select multiple fault stick sets. The fault sticks will be
automatically displayed in the scene. The tracking algorithm can treat faults in dif-
ferent ways:

a. Forbid Crossing — Tracking of Framework horizons and HorizonCube
events stops when a fault stick is encountered. This option generates Hori-
zonCube segments that will require correlation to make a final merged out-
put.

b. Allow Crossing — Tracking of Framework horizons and HorizonCube events
will continue across fault sticks. This option generates a HorizonCube that
does not require merging. It approximates results produced in older ver-

sions of OpendTect.

A user may draw channels and other geological terminations as (fake) fault
. Sticks and select these as constraints to construct regions. This combined

with manual correlation can improve the results.

frem FaultStickSet selection - O
FaultStick Set Boundary Type ™ Add ..
5515-Grid-Faultsticks Forbid Cross - —
Sticks Morth Allow Cross =

9 oK () cancel

Framework horizons: Framework horizons are either imported, or they are created

on-the-fly. To select existing seismic horizons press the open icon.

To create a new dip steered horizon proceed as follows:
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a. Pressthe +icon to add a new horizon.

b. Press the seed icon and start picking in the scene. The auto-tracker follows the
dip until it reaches the end of the line, or a fault stick it is not allowed to cross.
Optionally tracking is controlled by adding more seeds. Options:

l. Insert seed: Left mouse click.
Il. Delete a seed: CTRL + Left mouse click.
[ll. Rename a framework horizon by double clicking the horizon (column) cell.
IV. Edit button in the table: controls the range over which the tracking error of
the tracked events is smoothed in the mid-section between two seeds.

c. Framework horizons can be removed from the table using the trash button.

d. Pick mode is indicated by the mouse pointer and can be toggled ON/OFF with
keyboard ESC. If pick mode is OFF the display can be changed:

|. Pan: click and drag with CTRL-Left, SHIFT-Left, or Middle mouse.
Il. Rotate: click and drag with Left mouse.

I1l. Zoom: Rotate with middle mouse wheel.

Multi-seed picking of a horizon with the dip-steered auto-tracker.
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e Edit Seeds =
Line Name Trace number Time (ms} Source —_—
Seed 1 Well correlation-Line 535 1013.06251037 | User Pick z.:-
Seed? Well correlation-Line 663 99932647463  User Pick 1
Seed 3 Well correlation-Line 735 97510537338 | User Pick
Seed 4 Well correlation-Line 853 890.48102336 | User Pick
Seed 5 Well correlation-Line 1057 8321774601 User Pick
Seed § Well correlation-Line 1129 860 97361088 | User Pick
Seed 7 Well correlation-Line 1200 &70.46606426 | User Pick
Seed & Well correlation-Line 1311 804 26865381  User Pick
Seed 9 Well correlation-Line 1335 761. 72675149 | User Pick
Smooth |5 - traces
[| Display Only at Sections Apply to all
Q Close 0 Help

A table (above) listing the picked seeds for a dip steered seismic horizon. It also allows

changing the seed position (trace and z-value) and smoothing the tracking error

between seeds. You can select multiple rows and delete all seeds (CTRL+A plus trash

button, or select multiple entries while left mouse button is pressed followed by clicking

the trash button).

Preview Regions

This feature is allows HorizonCube regions to be QC-ed. All regions are displayed as

polygons overlying the mapped horizons and fault sticks. To update a region, either
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manually adjust fault sticks (using OpendTect’s fault picking tools), or adjust framework

horizons using the dip-steered auto-tracker in the 2D HorizonCube Creator window.

You can customize the display settings for this region previewer through the settings

sub-menu oricon.

Regions can also be previewed from the data-driven settings dialog, see
5.2.1.4.2 Processing 2D HorizonCube

L
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5.2.1.4.2 Processing 2D HorizonCube

Region display properties: visualization of the regions can be adjusted by changing

the line color and line width. The changes will be reflected in the 3D scene.

fe

&

1 <

L

+

N

FProperties ..

e Display property

Region display

Line color

All

Width

Create/Update HorizonCube

To process a 2D HorizonCube, press the HorizonCube icon. The HorizonCube cal-

culation settings dialog window is launched.
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= HornzonCube calculation settings = U

Horizon Mode """
20 Demol - MF54 Drata driven -
20 Demol - F54 settings ...
W
Cutput HorizonCube | 20 HorizonCube W a Select ...
|:| Execute in Batch _ Options ...

Model-driven Modes:
The three model-driven modes are:

* Parallel to Upper
e Parallel to Lower

* Proportional
Settings:

Pressing the Settings ... button launches the settings dialog window. Two Event

sampling methods are supported: Spacing at maximum thickness and the number of
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events for the package. More information can be found on 5.2.1.3.1 Model Driven Set-

tings.

) Package 1: 2D Demol - MFS4 & 2D Demo0 -.. = =

Calculation mode : Proportional

Available regicns

Skip |Q|

Region 1 [ |

Event zampling method | Spacing at maximum thickness -

spacing (ms) |4 E“

Apply to all packages

9 Ok @I Cancel 9 Help

Data-driven Mode: In this mode dip steered horizons are auto-tracked to produce
data-driven HorizonCube segments per region. The settings for this mode are defined

per package.
Settings

Pressing the Settings ... button launches the settings dialog window for a particular
package and updates the 3D scene by showing regions and the proposed starting pos-

itions for the tracker. Hovering over the scene highlights the active region.
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fr Package 1: 2D Demo7 - F511 & 2D Demob - F58 = B

Calculation mode : Diata driven

Steering Data % ’E Steering

Start pesitions per region

Seed mode Trace number

rYy

Region 1 |Userdefined - | 727 =[]

Skip -

Advanced options ...

Options

Steering — Select the steering input per package.

Start position — This is a crucial input parameter. The dip-steered auto-tracker sim-
ultaneously tracks all horizons from this position at the sampling interval specified in
Advanced Settings. The starting position is displayed as a vertical line. This can be
changed in the table but the recommended way to change the position is to inter-
actively change this in the 3D scene. To do this press the green arrow icon. Now hover
over the regions and QC and adjust the starting positions. Starting position should be
selected in the thicker part of a region in good quality data areas and preferably not too

close to a fault. The green wheel icon is used to change display settings of regions and

start positions.

Skip a region — Regions can be skipped, e.g. in bad data areas. No HorizonCube is

processed in skipped areas.
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Advanced Options — See the section on Advanced options.

Processing (on-the-fly/batch mode):

HorizonCube processing can be done:

On-the-fly:

Recommended for smaller 2D lines (less than 20Km) with few regions only.

A Wheeler Scene is launched automatically once HorizonCube processing is finished.

Batch-mode:

Recommended for long 2D lines (greater than 20Km), or lines with many regions.

To inspect the data in the Wheeler domain a Wheeler scene must be added and filled

manually.

Updating the Results after Processing:

The Wheeler scene is an excellent tool to QC the HorizonCube processing results.
Remember that segments are processed independently so that it cannot be expect that
events are correlated over segments. Neither will the number of events be identical per
segment. Correlation and merging will be done in a later step (see Correlating 2D Hori-

zonCube Regions).

In this phase the Wheeler scene is used to study the flatness of seismic events. Dipping
events in the Wheeler scene imply that the auto-tracker deviated from the actual seis-
mic reflection patterns. HorizonCube processing can in that case be improved by

adjusting the framework and rerunning the processing.

- 455 -



Framework horizons can be picked and update in the normal scene as well as in the

Wheeler scene.

- -
ol = e = - b

The updated Wheeler scene after reprocessing the HorizonCube.
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5.2.1.4.3 Correlate 2D HorizonCube Regions

HorizonCube segments must be correlated laterally. This interactive process is per-
formed using a set of sliders that control HorizonCube displays per region. The user cor-
relates one or more events over all regions after which a new, merged HorizonCube is

computed. The merged HorizonCube has an equal number of horizons per package.

ol
The correlation window is launched from the correlation window icon “#* or from the

Tools tab of the HorizonCube Control Center.

= Merge 2D HorizonCube Regions = B
Correlate regions on HorizonCube HC_rund_Jul?3-2015_2Zitr_DO323
Current line: DO323
Package1 hd
Show up to 5 sliders start from relative region |1 >
Region 1 Region 2 Region 3 Region 4 Region 5 Events Correlation Table
Region 1 Region 2 Region 3 Region 4 Region 5 Accept el
Corr. 1 80 128 58 63 54 O H
o
=
a0 128 58 63 54
Output HorizenCube v| | 6 Select...

o Close 9 Help

The sliders control the number of events per region to display. The sliders operate sim-
ultaneously in the normal scene and the Wheeler scene. Depending on the per-

formance of the graphics card and the size of the 2D line to be manipulated
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simultaneously updating both scenes might be too slow for comfort. If so, it is possible

to work in one scene only and to iconize, or close the other one.

Correlation is performed per Package on a Region by Region basis. Move the first
slider and position it on a prominent seismic reflector. Now move the second slider and
position it on the same reflector in the adjacent region. Repeat this for the first five
regions. Next reposition the sliders laterally by adjusting the start from region position in
the spinbox. Continue the process until the event is correlated across all regions. When
satisfied check the Accept toggle such that the correlation cannot be changed acci-

dentally.

To add further correlations press the plus icon and repeat the process. To change an
already accepted correlation uncheck the Accept toggle and adjust the sliders. To

remove a correlation uncheck the Accept toggle and press the trash icon.
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5.2.1.5 Create HorizonCube - Multiple Lines

Similar to 3D this tool allows to create one HorizonCube per 2D line. If the start position
is set to user defined, it is recommended to select one line at a time, only one inline-
crossline pair can be specified per line. Further the existing HorizonCube can be over-

written by adding more lines.

For more information refer to Create a HorizonCube section.
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5.2.1.6 Convert To SteeringCube

A HorizonCube can be transformed into a SteeringCube using this tool. The input Hori-
zonCube is selected first. The Volume sub-selection is optional. The dip values outside
the area of the selected HorizonCube can either be filled with a constant dip value or
read from another SteeringCube. The output name for the SteeringCube is provided in

the output field.

fei Create SteeringCube from HorizonCube - B

Input HorizonCube rizonCube SC-FFT-trunc S515-Grid v 9 Select ...

Select 20 lines Mo lines selected 9 Select ..

Dip outside HorizonCube (@ Constant () From SteeringCube

Dip value |0
Cutput Steering Cube | rizonCube SC-FFT-runc 3315-Grid e Select ..

Execution Options ...

9 OK () Cancel @ Help
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5.2.1.7 Create 2D Seismic Lattice

This tool is used to create a 2D lattice/grid from 3D seismic data. This feature is
released as a Multi2D workflow in the SSIS plugin (Chapter 7). The workflow is simple
i.e. convert 3D seismic data into a coarse 2D grid with preferred orientation and geo-
metry. After the conversion, the next step is to prepare a HorizonCube for all 2D lines.
Using the HorizonCube for each 2D line, interpret sequence stratigraphic surfaces. The
extracted sequence stratigraphic surfaces are then used to do detailed interpretations

on the 3D seismic volume.

= Create 2D Seismic Grid = =
Input Cube “é} 4 Dip steered median filter v e Select...
Volume subselection | 100/300-750/1250 (463 samples) e Select ..
Create Grid from (@ Inl/Crl () Random Line 1
= ~ 75000 750/{250

In-line (@ Range () Loose
In-line Range 100 5| 700 |3 Step 100 |%

Cross-line (® Range () Loose

100kng 10048250

Cross-line Range 300 5 [1200 % Step [100 =

Prefix for parallel lines |IML

Prefix for perpendicular lines | XL
Mrof In-lines in grid: 7

Output 2D Data (attribute) v | B select ...
Mr of Cross-lines in grid: 10

[] Extract horizons for the new grid

& Execution Options ...

) cancel eHelp

2D Seismic Grid options
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Input Cube: Selected 3D seismic data to be used in this field.

Volume Subselection: Optionally, the 3D volume can be restricted to an object-
ive area. This subselection is made here by restricting inline/crossline/time
ranges for the selected volume.

* Create Grid from: Define the output grid geometry and orientation of the 2D
lines to be created. If Inl/Crl is selected for this option, the general inline/crossline
orientation (or geometry) of the selected 3D data would be used within the
defined inline/crossline range and the corresponding steps. Optionally, the
inline/crossline range can be edited manually by setting loosely spaced

inline/crossline numbers separated by commas.
Create Grid from (@ Inl/Crl () Random line
Inline () Range (@ Loose
Inlines (comma separated) 1100, 1200, 1300, 1<
Crossline () Range (@ Loose

Crosslines (comma separated) 2500, 2300, 3000, 32
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Another option is to define a 2D grid geometry using a Random Line. Using the selec-
ted random line, the grid can be created in both (parallel and perpendicular) directions

of the randomline. This fixed spacing needs to be given in the line spacing (m) fields.

Create Grid from () Inl/Crl (@ Random line

Input RandomLine W Select ...

4k

Parallel line spacing (m) 500

4k

Perpendicular line spacing (m) | 500

Random Line options

* Prefix: Label the 2D-line names in the fields.
* Output Lineset: Output for the 2D lineset. Please provide the lineset name and

the name for the seismic data (attribute).
* Extract Horizons: Convert the 3D interpreted horizons into 2D horizons by

checking this box (optional). In the Select horizons list, select one or more hori-

Zons.
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5.2.1.8 Create Horizons From A SteeringCube

This seismic horizon tracker generates one or more horizons from a Steering Cube (dip
volume). The tracker uses a constrained, inversion-based algorithm that globally min-

imizes the error between horizon dips and seismic dips (Wu and Hale, 2015).

A confidence weight volume is recommended for faulted intervals. A good confidence
weight volume is given by the “Planarity” attribute. Planarity is computed in the “Faults
& Fractures” plugin, It is a measure of “local flatness” of a seismic event. When used as
a confidence weight volume in the unconformity tracker it assigns low weights at fault
positions and high weights at good reflectors. A flipped discontinuity attribute like sim-
ilarity, semblance, or Thinned Fault Likelihood can be considered as alternatives to

planarity.

The unconformity tracker is a general-purpose horizon tracker that can be used among

others to:

* Map unconformities (events that change laterally and are therefore difficult to
map using conventional amplitude / similarity trackers)..

* Map horizons at intra-reservoir scale levels that tie exactly at given well markers.

* Fast-track mapping of seismic events, e.g. for constructing a structural frame-
work, to constrain a HorizonCube, or to build low-frequency models for seismic

inversion.
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Steering Data ‘&) 2 Steering BG Detailed -

Volume subselection 100/300-750/1250 (463 samples) 9 Select .

Pickset Color Options Horizon M

Horizon 1 Constraint 1 - Surface constrained by Constraint 1 E
Horizon 2

Horizon 3 3

Horizon 4 E
Horizon 5

LY

[¥] Execute in Batch lecessing parameters ]

\_QRun [Qcmse][ @ Help ]

Main window for the Unconformity Tracker

The workflow can be started in three ways:

* Insert a new horizon in the table for picking | é

Click on the “Pick Seeds” icon "- and manually pick a set of locations.

Click on the “Load existing Pick Set” icon = to open an existing pick set.

Click on the “From Wells” icon ’é‘ and select one or several marker sets and the

wells.
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Seeds can be added or removed thereafter regardless of the origin of the pickset, either
interactively or using the table editor under the Edit options. At least one seed is

required for each horizon to be tracked using this tracker.
Inputs

* A pre-processed SteeringCube is mandatory. This SteeringCube must be filtered
to have less noise. A typical Detailed SteeringCube should be a good starting
point.

» Set of locations (from well makers and/or manually picked positions.

* Optional: confidence weight volume (planarity, flipped Thinned Fault Likelihood,

).

Adding Well Markers

Multiple markers from multiple wells can be selected in the Select well markers window

%% Each selected marker adds a row to the table in the main window. The set of

(manually-picked / markers) locations can be QC-ed and edited by pressing the Edit
button. To add more picks, select the relevant row, press the Pick Seed button and

manually pick positions to add.

- 466 -



Select well markers = ':'

Select markers from one or several wells

(] =

[ ]| Seasurface .
[ ] MF311

] FaM

[ ] MF310

[] MFsg

] MFs8

[ 1 Fs8 ad

For selected wells:

[ ] = Filter |*

[ ] FO2-1 i
[] Fo3-2

[] FO3-4 ww
] FOG-1

X

0 oK () cancel

Selection of well markers is done here. Multiple markers can be selected. Each marker

will create a horizon.
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Lt

)y Edit Seeds

Inl crl Z{ms) Origin
Seed 1 425 603 174312271309 User Pick
Seed 2 425 798 1736.88939612 User Pick

Display Only at Sections Apply to all

) Close

| ﬁ Help

Edit Seeds window will show the origin (user defined or wells) of the picks. By default

the seeds are displayed on sections (e.q. inlines/crosslines only). To view in 3D, you

may want to toggle this feature off.

Processing Parameters
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' @ Processing parameters E’

Apply fault dips @ Yes () No o

Faults F, Fault A
Confidence weight Planarity Volume| - [1]

[] Flip weight (1)

Confidence Power 6 = [i]

_ - O

Mumber of Horizon updates 10 = wy
Advanced CG Solver parameters &

Ll

Number of CG Solver lterations 200 | [I]
- [

Solver residual error 0.01 W

L P - = =Y
Preconditionning filter stepout inlk6 = crl6 |3 LI y
Inversion operator weight 0 [i]

| © Close || @ Help |

* A confidence weight volume is optional. It is only required if the interval is faulted.
If the given volume has higher weights (e.g. near to 1) at the fault weights, you
may flip the weights (1 — input) to minimize the effect of erroneous dips at fault loc-
ations.

* A power function is applied to the weights. A higher value increases the contrast

between faults and continuous reflectors.
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This result is produced with a confidence weight volume. With a power of 8 (yellow hori-
zon) the event is correctly located when compared with the power of 2 (orange hori-

zon).

* The Number of Horizon updates field (max. 100) is the number of times the hori-
zon is changed and horizon dips are re-calculated. The quality of the results
increase logarithmically with increasing number of horizon updates. After a cer-
tain number of updates, typically 10, the horizon will effectively not change fur-
ther. If such a situation occurs, we consider that the results are fully converged
and the best possible solution is achieved.

* The core of the algorithm is a preconditioned Conjugate Gradient ‘CG’ solver,
which attempts to solve a system of linear equations. This algorithm is controlled
with the following parameters:

* lterations: The maximum number of iterations the GC solver is run to solve
the inverse problem.

* Residual error: The threshold value below which the GC solver stops.

* Preconditioning filter stepout: Is a recursive filter to smooth the horizon
and minimizes abrupt jumps (max. 10).

* Inversion Operator Weight: This parameter is trivial and helps in over-
riding the dips in bad data quality areas. If it is larger than 0 (max. 1), the

weighted dip derivatives are subtracted from the dips obtained from
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horizons to minimize the erroneous dip effects. By default, we do not recom-
mend adding such weights. The Confidence Weight volume mostly controls

such effects.

Larger Surveys

For larger datasets (e.g. volume size > 5GB) with limited RAM, we recommend decim-
ation of the results. This can be done in the volume sub-selection. One may upscale the

lateral stepouts (Inline/Crossline) to produce a horizon.

Reference

Wu, X., and Hale, D. (2015) Horizon Volume with Interpreted Constraints, Geophysics,
v80, Issue 2, IM21-IM33.
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5.2.1.9 Edit Horizons From SteeringCube

To fill holes or to re-track an existing horizon using SteeringCube, the similar utility can
be launched from the HorizonCube Sub menu (Processing > HorizonCube > Edit hori-
zons with SteeringCube. This will bring the following window. This window is almost
identical to the Create Horizon(s) from SteeringCube window. The SteeringCube is
selected for the Input SteeringCube field. Additionally, the faults can also be selected.
The Edit Options are used to either fill the holes/gaps in an horizon using SteeringCube

or to re-track a horizon using SteeringCube.

fem Create Horizons from SteeringCube - =

Stesring Data 123456 v|| @ seleat
Volume subselection |— | e Select

H

Pickset Color Options Horizon @
Harizon 1 Constraint 1 - Surface constrained by Constraint 1 B
Horizon 2 E
Horizon 3 E
Horizon 4
Horizon 5 @

Execute in Batch |Prncessing parameters |
| oRun H ) Close || eHeIp |

Edit existing horizon(s) using the selected SteeringCube.
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5.2.1.10 Interpolate Logs Along A HorizonCube

This gridding step is used to populate a 3D volume using well log(s). The HorizonCube
provides the necessary steering to guide the interpolation of the well logs. This is equi-

valent to conventional gridding, but that would take place in the \Wheeler domain where

all seismics events are flat.

e Edit step - O

HorizonCube-Well Interpolator

Input HorizonCube | W

©) Select...

Yerical Extension |Ely parallel to top/base - |

Log extension ifneeded () Yes (@ Mo

Well Log Add ..

Remove ...

Algarithm |Irwerse distance -

[ ] Search radius (m)

Mame for this step| |
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The HorizonCube well log interpolator includes two fields to be provided by the user: a
HorizonCube and a table of well logs. Select a 3D HorizonCube by pressing the 'Select'

button.

To select wells and corresponding logs, press 'Add' button. To remove a selected well/-
log, select it and press the 'Remove’ button. To change the log, select and press the
'Change log' button. It is easier to first select the wells; The list of logs will then get

updated and present only the logs that are common to all selected wells.

# Log well selection - O
Logs Wells

Caliper A L1~

Density

Gamma Ray L] Fo2-1

P-wave

P-wave_corr

FPorosity

Sanic v

PR

QDH: () Cancel | ﬁHelp

After the selection of both wells and the HorizonCube, provide a name for this step at

the bottom and proceed to the Volume Builder by pressing OK.
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5.2.2 Analysis

See the following chapters below.
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5.2.2.1 3D Slider - HorizonCube Visualization

A tool that is not only used to visualize the HorizonCube events in 3D but also to inter-
pret depocenter, pinchouts, geologic bodies based on thickness /attribute map views
along the events. The thicknesses are computed on the fly and are displayed as a grid
on the horizons. From the isopach maps one may furthermore create bodies. Another

benefit of the 3D slider is to save the key events as conventional OpendTect horizons.

= HorizonCube 3D Slider = =
Pre-loaded HorizonCube Change ...
Display resolution | 1/4 | |Pre-triangulate sliders ...
Top 0 H Save ...
Display | In full - |:| Use single color
Base 0 H Save ...
Display | In full hat D Use single color

[] Link to 2D displays [ | Lock Top/Base distance |Create Body ...

Display data MNone -

Count

Value

Data range Threshold Transparency disabled -

Color setting .:- I 1 Geismics -

@

Preload HorizonCube
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A user must preload a HorizonCube into the memory.

If the HorizonCube is big and there is insufficient RAM installed on the sys-

tem, you may preload a package.
Top/Bottom Slider(s)

There are two sliders available to display the corresponding events in the scene and
also to compute the isopach thicknesses between the events. The user has an option

to hide either event.
Link to 2D displays

It links the (top/bottom) sliders movement to the sections (inlines/crosslines) on which
the preloaded HorizonCube is displayed. So, if the slider is moved, the corresponding

HorizonCube overlay on sections will also be moved.
Lock top-bottom distance

It is used to lock the number of events between the sliders positions. Once it the num-
ber of events are locked, one may use only one slider to compute the isopach between

them.
Body

It is used to create a body object within OpendTect. The body can be created either
within a polygon or by using mentioning the threshold value. The threshold value is the
position of the red line in the histogram of the 3D Slider. The polygon is selected if a
pre-defined polygon exists. If not, you will have to create a polygon first (for details
please read the pickset/polygon section of the User Documentation). The second mode
i.e. Automatic filling requires a threshold value. For instance, if one wants to create the

bodies of all isopach values that have 0.25sec thickness, 0.25 should be given as a
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threshold. Optionally, one could move the red line in the slider to provide that value.
The body is filled either with values that are below the threshold or with the values that

are above the threshold. These are set in the Body value radio boxes.

The body is created within a selected polygon and between the two HorizonCube

events positioned using the slider.

e Create body from sliders =

Mode (@) Using Polygon () Automatic filing

Pohrgon W @ select ...

Create bodies from the 3D Slider
Surface data

Nothing will be computed on the displayed (Top/base) events in the scene.

L

Depth: Will display the Z-values (TWT / Depth) along the events.

Top-Base Isopach: It computes the isopach thickness between the two events selec-
ted by a user at particular sliders position. Once the user presses the Calculate button,
the histogram of the thickness is displayed. The histogram display can be used to

define the transparency on the thickness map. The green lines on the top of the his-
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tograms define the clipping of the histogram. The red line on the histogram is used to

define the transparency.

New Attribute: It is used to compute a stored seismic volume or a defined attribute

along the horizons.

Transparency

This field defines the transparency range on a colour bar. The first two fields adjacent to
the transparency are the colour ranges. The third field is the transparency cut-off value.
Disable option in the list box defines no transparency, above defines transparency

above a given cut-off value and below defines transparency below the cut-off value.

Colour bar

The colour ranges and the corresponding selected colour bars are available at the bot-
tom. The active colour bar is used to display the thickness map on the displayed hori-
zons. The colour bar can interactively be changed by scrolling the available list of pre-
defined colour tables. Furthermore, one may right click on the colour bar and use the

pop-up menu that work similar to the general OpendTect colour bar.
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5.2.2.2 Extract Attributes Along HorizonCube

These attributes are computed from the HorizonCube Control Center. The output of all

of these attributes is a set of grids, which are collectively saved as HorizonCube Data.

These attribute grids can be visualized using 3D Slider.

In the Select HorizonCube option, you can select the entire HorizonCube, or a package

or an event.

e HorizonCube 30 Attribute Calculation -
Input HerizonCube Select ..
Attribute selection | General -

Quantity to output | 4 Dip steered median fiter - 9 Select ...
Output HorizonCube Data Select ...

Wt Execution Options ..

9 RHun G Close
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General: This category is used to compute any existing attribute (stored or defined)
along HorizonCube events. For instance, if you already have a stored Al or PHI volume

and you would like to compute it along HorizonCube, you can use this option.

Centered Isopach: This attribute calculates the vertical thickness (TWT/depth)
between two events such that they are centered by an event. In this manner, the thick-
ness is computed along the centered event. Number of layers above/below define the
relative number of events to compute the thickness. For instance, if the value for layers
above/below is set to 1, for each central event, the thickness is computed by sub-
tracting the TWT/Depth of an underlying event from the overlying event and storing the

result for the central one.

Attribute selection | Centered Isochron -

1k

Layers above 1

4k

Layers below 1

Topographical Curvature: This attribute defines geometrical curvature of an event,
attribute or HorizonCube Data. The stepouts are number of inlines/crosslines to be

used to compute the curvature. These attributes are mostly equivalent to the con-

ventional curvature attributes that are directly computed from the SteeringCube.
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Aftribute selection TopolLogical Curvature -
InliCrl stepout 1 -

Algorithm  Mean curvature -
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5.2.2.3 Make Crossplots Of HorizonCube Data

This tool is used for creating crossplots out of HorizonCube data (see how to extract

attributes along HorizonCube at Extract Atiributes Along HorizonCube page).

In the HorizonCube Data Cross-plot window select the input HorizonCube and the data
for cross-plotting.

=i HorizonCube Data Cross-plot = B

Input HorizonCube | Continuous_HC_Full W a select ...

[] =

HorizonCube Data || | Z-Values

0%

G ] a Cancel

Proceed to launch the cross-plot table window, which is used to edit and plot the data

for a cross-plot. For more information about cross-plotting refer to this document.
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@ Continuous_HC_Full - O
ally
w2 XYY IIK«‘Ii s == snowjorw (3| JZL showmien =7 i
X-Coord Y-Coord Zims) * Event index Z-\alues ™
105/303 605906 99736378 5073583.42579284 2.1098765:9 108
105/454 609630.52567399 §0737583.35907565 2.1098765:9 105
105605 §13454.05359542 5073394.35236049 2.1098765e9 105
105756 617227.58225441 50735595.81554431 2.1098765e9 105
105/907 621001 11060452 5074105.278523813 2109876529 105
1051058 624774 63851433 B074210.742211598 2.1098765e9 105
1051209 528548 16722504 5074318.20549573 2.1098765e9 105
106/415 G08705.20775206 §073786.63987045 2.1098765:9 106 W
[(Qooe || @rov |
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5.2.3 Tools

‘\% HorizonCube 3D Control Center

Active HorizonCube

© © Select ...

O X

Pre-load ...

Reload

> Processing

4

:Jl Analysis

Tools

Add more iterations

Check crossings between Horizons
Extract horizons

Grid a Horizon

Filter HorizonCube

Get Continuous HorizonCube
Grid HorizonCubes

Merge HorizonCubes
Modify/Recalculate HorizonCube
Trim horizons against Faults
Truncate HorizonCube

Go ...

0 Close 0
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5.2.3.1 Add More Iterations

If a 2D/3D HorizonCube is created and there are still large areas with unwanted holes
or gaps, more iterations can be inserted in a package to fill these spaces. There are

four modes supported to fill the gaps:

1. Data Driven: This option fills the gaps using the SteeringCube i.e. a data driven
HorizonCube with the same parameters as that were defined in the previous iter-
ation.

2. Proportional: A model driven option to fill the holes proportional to upper and
lower events of existing HorizonCube.

3. Parallel to upper: A model driven option to fill the holes using the geometry of
the upper event of a HorizonCube..

4. Parallel to lower: Another model driven approach to fill the holes parallel to the

geometry of the lower event of a HorizonCube.

In the 'Input HorizonCube' field, the stored HorizonCube is selected whereafter the cor-
responding previously finished iterations are displayed in the table. The extra iterations
in the next column are set to fill the gaps in a HorizonCube. The results of this pro-

cessing can be stored into a new HorizonCube.
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fre Add iterations to HorizonCube - O

Input HorizonCube v|| B Seled ..
Mode Iterations finished Extra lterations
Fackage 1
Package 2
Fackage 3
Package 4
Output HorizonCube v B Seledt ..

. Execution Options ..

@DH ) Cancel | a Help

User interface of 3D HorizonCube to add more iterations.
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5.2.3.2 Check Crossings Between Horizons

It is used to resolve conflicts between horizons crossing each other. Press the Go but-
ton for the Data preparation step to launch the Horizon relation window. The later win-
dow is used to select all horizons that need checking (Read Horizons ...). The horizons
are sorted automatically from top to bottom. The Check crossings... button is used to

check the crossings between the listed horizons automatically and resolve them.

fr Horizon relations = B
Order (top to bottom})
Demo 2 —= F58 Head Horizons ...
Demo 1 —= MF54
Demo 0 —= F54 Check crossings ...

G Close 6 Help

Solving crossing conflicts

To solve crossing conflicts select the horizon that will be modified. The software will
check the number of positions where a conflict exits and modify the horizon by remov-
ing the conflict points or by changing the values to be equal to the overlying/underlying

horizon.

- 489 -



fo= Horizon relations (Solve crossings) - B
‘Demo 4 —= Truncation' crosses "Demo 4 —= Truncation trim & fil' at 22538 positions
Modify Horizon | Demo 4 —= Truncation -
Modify action (® Shit () Remove
Save Modified Horizon (@) As new () Overwrite
Horizon | Demo 4 —= Truncation_edited W 9 Select ... "'“"-‘1' dGB -

) cancel 9 Help

To honor the requirement that horizons cannot coincide, the actual values

are not exactly equal, but they are within one sample position accuracy.

The figure below sketches what will happen to the lower (red) horizon if you select shift
or remove. The software verifies that removing and shifting operations are executed

properly and the correct HorizonCube calculation results are reached.

Input Shift Remove

lower lower

/N T/ N /N

lower lower lower
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5.2.3.3 Extract Horizons

e Extract Horizon - O
Pick Haorizon
Event Index
Demo 6 —= F58
L]

Demo 4 —= Truni

[ ] Link to ColorTable Demo 0 —=FS4

& Execution Options ..

9 oK () cancel ﬁ Help
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- Extract Horizon

Event Index

01-3B/DU-4

[] Linkto ColorTable 01-Base_SB

A+ Execution Options ...

Q0 | (O] @

This tool is used to extract seismic horizons from the selected HorizonCube. The slider

is first positioned to a point where the user is interested in extracting a full 3D horizon.
The relative position of the slider is always presented as a red-line in the graphical dis-
play of the packages in a HorizonCube. After setting the slider position, the Pick Hori-

zon button is pressed to extract a horizon at the selected position.
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The output name, color (and optional stratigraphic level) for the new horizon is spe-
cified in the pop-up window. This process can be repeated for any number of horizons.
Clicking on 'Proceed' in the main window extracts and saves all picked horizons in a

batch process.

e Insert Horizon - O

Cutput 3D Horizon | v| © Select.. |+ dGB -
Tiedto Level — -
Base color [ | mm Peru -

a oK () Cancel ﬁ Help

Pick Horizon: Creates an output horizon at a defined slider position.
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5.2.3.4 Grid A Horizon

\% Horizon Gridding - O X

Horizon ‘ Demo 0 --> FS4 v ‘ ©) Select ...

Scope Convex hull v

Inl/Crl Step |1 |1

[1 Keep holes larger than (m)

Algorithm  Inverse distance v

Faults | - . © Select ... Clear
Search radius (m) ‘50 Parameters ...
Area subselection ‘- ‘ 6 Select ...
Save Horizon @ As new Overwrite
Output Horizon | | © Select ...

[] Display after create

o Run 9 Close 9

This utility is used to grid/interpolate a horizon having gaps/holes or to filter (aver-
age/median) a horizon grid. There are several gridding algorithms supported in
OpendTect.

Gridding Parameters:

* Geometry: There are different types of geometries that are used to do inter-
polation. The Full survey is used to interpolate (in-/out-wards) the Horizon-Z val-
ues within the entire survey box. The Bounding Box defines the rectangle fitting
the horizon geometry, which is generally smaller than the survey box. The Con-
vex hull type of area fitting also restricts the gridding geometry within the horizon
boundaries. To grid the gaps or holes in a horizons, the Only holes type of grid-

ding geometry is used.
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* Inl/Crl step: The default steps correspond to the sampling rate of the input hori-
zon. The step can be decreased up to the survey sampling rate to get a higher res-

olution horizon.

e Algorithm(s):

\%Inverse distance - param... — O X
Compute corners first O Yes ® No
Step size -
] Nrsteps 1 .
€)0K | €3 Cancel e

* Inverse distance algorithm uses an inverse distance method of inter-
polation. Inverse distance requires the search radius with optional para-
meters (step-size and number of steps). The step size of '1' means that one
bin would be used in all directions to interpolate the horizon Z-values.
Whereas the number of steps define the number of concentric circles for
inverse distance computation. For these steps, the grid computation can be

set to the corner points for the defined radius or not (default option).

* Triangulation is a fast gridding algorithm, which uses triangulation method
of interpolation. The interpolation can also be defined by providing an

optional maximum distance (radius) by setting interpolate option checked.

* Extension uses a simple linear interpolation algorithm to extend the horizon

Z-values outward using the number of steps (bins), which need to be
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defined in the following parameter field (Number of steps).

* Continuous Curvature (GMT) is a continuous curvature algorithm of inter-
polation, which is a part of the GMT Plugin of OpendTect. Please check the
GMT website for further details. This algorithm only requires the tension
parameter (ranges from 0-1), which controls the smoothing. The tension 0
gives minimum curvature type of surface interpolation, while the tension of

1 gives a harmonic surface.

* Nearest Neighbour (GMT) is also another interpolation algorithm coming
from the GMT Plugin of OpendTect. This algorithm requires the search
radius to be defined. It is mostly useful for a regularly spaced grid data.
Please check the GMT website for further details.

© dGB Beheer B.V. 2002 - 2021
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5.2.3.5 Filter A HorizonCube

‘\% Filter HorizonCube - O X

Input HorizonCube | v ‘ e Select ...

Filter type ® Median O Average

Filter stepout |in|:‘l = \ |crl:1 S
Area subselection |- ‘ e Select ...
Qutput HorizonCube | v ‘ 6 Select ...

..+ Execution Options ...

QOK a Cancel

This option can be very handy if a user finds spikes in his/her HorizonCube.
Two filter types are supported (median & average), each with a stepout in

both the inline and crossline directions.

Before filtering the HorizonCube:

- 497 -



After applying median filtering, see that the spike is nicely smoothed:
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5.2.3.6 Get Continuous HorizonCube

An existing truncated HorizonCube can be converted to a HorizonCube with Continu-

ous Events using this tool. In the following window, the data selection is very simple.
Select the input HorizonCube (truncated) in the input field and type the output Hori-
zonCube name in the output field. Optionally, the area sub-selection can also be made

to do the conversion within a sub-volume only.

% Get Continuous HorizonCube — O X
Input HorizonCube ‘TruncﬁHCfMFJQ v ‘ € Select ...
Area subselection ‘102[302-748/1248 (463 samples) ‘ e Select ...

Output HorizonCube ‘ContLHCfIVIFfZZ v \ ) Select ...

.. Execution Options ...

0K | €3 Cancel 9
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5.2.3.7 Grid HorizonCubes

After processing the HorizonCube, if the events have many holes, one can grid the out-

put result.
This is done through the HorizonCube control center.

Different gridding algorithms can be used: Inverse distance, Triangulation, Extension,

GMT, and the Dip-Steered gridding as shown below.

fymd Grid Horizon Cube - B

Input HorizonCube | Continuous_HC_Full W 9 Select ..

Scope | Only Holes A

[ ] Keep holes larger than [m]

Algorithm | Inverse distance -
Search radius [m] Parameters ...
Output HorizonCube v|| 8 Select...

& Execution Options ...

9 OK ) Cancel | ﬂ Help
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5.2.3.8 Merge HorizonCubes

The merge tool allows for selection of multiple HhorizonCubes to be sorted into a list for

merging:

e HorizonCube3D Merger = =

Merge mode (® Verical () Horizontal

[] - Available HorizonCubes Selected HorizonCubes: merge in the list order

[] Continuous_HC_Full ~ '-
[] Continuous_HC_Full_Trim
[] HorizonCube FFT 225 MF 113 * '
[] HorizonCube FFT 225 MF 113 2
[ ] HorizonCube FFT 225 MF 113 T —

[ | Proportional HorizonCube <
< >

Output HorizonCube v| © Select...

Q Run ) Close ﬂ Help

The process may be performed vertically or horizontally. The named output Hho-

rizonCube will be createded and be available for all future processing.
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5.2.3.9 Modify / Recalculate HorizonCube

This tool is used to modify the HorizonCube (either 2D or 3D) with a new 'mode' or
alternatively by using another SteeringCube. This tool is valuable in complex geologic
intervals or when dealing with very noisy seismic data. In such cases changing para-
meters/settings for a package might be beneficial. Specifically, the calculation mode
might be changed from 'data driven' to 'model driven' or vice versa. SteeringCubes can
also be set individually for each package. Thus, this tool includes two options for any

package of a HorizonCube: Keep or Re-calculate.

In the following window, the input 3D HorizonCube is provided. The table for Hori-
zonCube calculation mode is populated according to the previous settings for the selec-
ted HorizonCube. The Read Horizons button can also be used to add more horizons
(packages) to the selected HorizonCube. Note: If Read Horizons is clicked, even

wanted existing horizons in the HorizonCube have to be selected.

In the table, set calculation Mode and set the Action to re-compute. The corresponding
settings can also be changed. Additionally, more interpreted faults can also be added
to the existing HorizonCube by click on the Select button for the Faults field. The Ana-
lyze button is used to check the inconsistencies and problems that might be

encountered during the calculation of the HorizonCube.

Clicking the Go button starts the HorizonCube modify/re-calculate batch program for

the selected HorizonCube with the new settings.

The Show Option check-box is an optional tool for the batch program con-
figuration. By default (unchecked) the batch program runs in a pop-up win-
dow. Further, a batch program can be run in a log file (without showing the
pop-up window). Remote connections to other computers for Distributed

Computing (processing) is also accessed here.
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@Hcrimnﬂub& Creator 3D — ﬁ

[Read horizons ]
Faults Fault A (AllowCross), Fault B (AllowCross). | £ Select ...

HorizonCube calculation mode

Horizon Mode b
Demo 6 —-= F58 Data Driven: Multi-horizon inversior -
Demo 4 —> Truncation Settings ... 1
Demo 4 —= Truncation Data Driven: Multi-horizon inversior =
Demo 1 —-> MFS4 Settings ...

Area subselection 104/302-748/1248 (463 samples) e Select ..

Qutput HorizonCube Data-driven HorizonCube] v |E) Select ...
Batch execution [Single Process v] ‘;'; Options ‘

[_ORun H 0C|DSE‘H @ Help ‘

Modify a previously calculated HorizonCube with another Mode/SteeringCube with dif-

ferent settings.

Add / Recalculate line
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The workflow for modifying/re-calculating 2D HorizonCubes is in many ways similar to
the 3D workflow. Set 'Input HorizonCube', choose which lines to add/modify (‘Select

lines to add/modify'). Packages and faults can then be added, modified or kept as-is.

2D HorizonCube Creator = =
. <
KOS
Select working Iinean lines selected | e Select ...
Steering Data g | delme_fit v| © select...
Fault | - | © select..  Clear

Framewark horizons

Haorizon Seed color Options |..1

Harizan 1 =From Steering 1= _ ’y Edit ... -

() Close 6 Help
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5.2.3.10 Trim Against Faults

The trimming feature in OpendTect improves the fault/horizon relation.

o Trim horizen around faults - =
Input Horizon % 0 W 6 Select ...
Area subselection |- £ Select ...
Fault | - & select ... Clear
Select Mode | Trim and fill -

Threshold distance (nr traces) | 10 =
Select Algorithm for filing | Inverse Distance -
Search radius (m})

Output Horizon W @ Select ... "‘**dGEI hd

4yt Execution Options ...

0 Cancel 9 Help

There are different modes to trim a horizon at given faults location.

Trim and Track

It is an option to remove an area defined by the trace threshold away from a fault plane.
The removed part is then tracked back to the fault plane using a selected Steer-
ingCube. Please note that on an average seismic data close to a fault plane, seismic
data could be very noisy. Thus you can expect that a computed SteeringCube could

also be very noisy. Therefore, it is suggested to use a background (heavily filtered)

SteeringCube for this purpose.

Trim only
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This will only remove the parts of a given horizon within a defined trace radius close to a

fault plane.
Re-track only
This option will track a horizon close to a fault.

The threshold should be chosen according to 'neatness' of the horizon around the fault.
If a unnecessarily large threshold is chosen, a large part of the horizon will be deleted
and re-tracked, thus making it prone to errors. Ideally, a threshold of 10 is sufficient
(default value), whereas for an 'indisciplined' horizon a threshold of 30 or above may be
needed. The same horizon may behave differently around different faults. Different

thresholds for the same horizon but different faults or fault-sets may be chosen.
In this case the trimming should be done in steps:

* Original horizons ----> using 1st set of faults and a small threshold --> Horizon 1
* Horizon 1 ----> using 2nd set of faults and slightly larger threshold --> Horizon 2
* Horizon 2 ----> using 3rd set of faults and a large threshold --> Final output Hori-

Zon

An example of before- and after trimming is shown below:
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5.2.3.11 Truncate HorizonCube

An existing continuous HorizonCube often contains very closely spaced events. The

HorizonCube can later be filtered by defining a maximum density (threshold) as a num-
ber of closely spaced events. In the following window the data selection is very simple.
Select the input HorizonCube (continuous) in the input field and type the output Hori-
zonCube name in the output field. The Maximum density defines a threshold for two
horizons in the HorizonCube. The value '1' defines a threshold of one event per sample
of a seismic data. Optionally, the area sub-selection can also be made to do the con-

version within a sub-volume only.

@) Truncate HorizonCube - | X
Input HorizonCube ‘ContinuousfHCfFulI v ‘ ) Select ...
Area subselection 102/302-748/1248 (463 samples) O Select ...

Maximum density (Nr events per sample interval) ‘2 ‘

Output HorizonCube ‘ Cont_HC_Trunc v ‘ ©) Select ...

.+ Execution Options ...

QCanceI 9

To learn more about the benefit of applying a density filter to the continous Hori-

zonCube, please read the Wheeler Transformation.
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5.3 HorizonCube Attributes

HorizonCube attributes are new geometrical attributes introduced by dGB Earth
Sciences. These are purely stratigraphic attribute that help in identification and char-
acterization of stratigraphic traps. These attributes can be computed directly from Hori-
zonCube and stored as volume (as the Attribute Set Window does) or stored as a
separate element such as HorizonCube Data, which contains grid based attributes.
The advantage of computing HorizonCube attributes as a volume is that one could eas-
ily render itin 3D as one cannot easily render 100s of grids in 3D scene. Further advant-
age of this approach is that one could also integrate the HorizonCube attributes with
conventional seismic attributes by using logical expressions or neural networks to char-

acterize seismic data, to predict hydrocarbon traps etc.
Attribute Set Window

These attributes can be found in general OpendTect Attribute Set window, which can

be launched via Analysis > Attributes > 3D/2D.
Using Attribute set window, one can define the following HorizonCube attributes:
HorizonCube Data

This attribute is used to convert the attributes that are stored under HorizonCube data
into a volume. The input HorizonCube should be a 3D HorizonCube for this case as it is
not supported for a 2D HorizonCube. The output field is populated if the selected 3D

HorizonCube contains pre-computed HorizonCube Data. By default, the Interpolate

option is set to yes as there could be gaps that you might want to fill. If you want to keep

the gaps empty, set this option to No.

It is equivalent to OpendTect's basic attribute i.e. horizon. To read further, please follow

the section below on Calculate attributes along HorizonCube.
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= Attribute Set 3D = =

File

Bd KRR T 159
Attribute set |<AII} hd ||H0ri10nCube Data v|

Input HorizonCube | Continuous_HC_Full v | e Select ...

Interpolate (@ Yes () Mo

HorizonCube Density

It is an 2D/3D attribute that defines the density of HorizonCube events within a defined
time gate. It returns an event count, which defines total number of events within a time

gate. The output values are number of events.

fe Attribute Set 3D - b
File
Bind KB 21N T 1595
Atribute set | <notsaved> | <Al ~ || HorizonCube Density -
Input HorizonCube | Continuous_HC_Full v|[© selea ..
mesanma[s 5

The attributes can be use to map or visualize pinchouts, unconformities, condensed

intervals, etc. These objects will appear as high density values.
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HorizonCube Dip

This attribute returns the dips of 2D/3D HorizonCube as a volume. The stepouts are the

radii to compute the dips along each event. Larger stepouts define the regional dips

along an event.

= Attribute Set 3D
File

) ‘UGEBE%WL

Aftribute set =not saved= ¥ | |HorizonCube Dip

Input HorizonCube | Continuous_HC_Full
Stepout inl:1 (5 crl1 =

Calculate error () Yes () No

Output | In-line Dip -

C o N

v | 6 Seledt...

In order to QC the dips of HorizonCube vs. input SteeringCube, one may set the Cal-

culate error field to Yes. This would allow you to select the parent SteeringCube to fur-

ther evaluate the HorizonCube results. The errors are computed for each seismic

sample by subtracting the dips of HorizonCube from the selected SteeringCube. The

result is a dip difference. Lower dip errors mean that HorizonCube events do not devi-

ate much from the selected SteeringCube and vice versa.

=) Attribute Set 3D

File

J“.GEBE%WL

Aftribute set =not saved= ¥ | |HorizonCube Dip

Input HorizonCube | Continuous_HC_Full
Stepout inl:1 |5 crl1 =
Calculate error (@ Yes () No
Steering Data Fé *‘é} 2 Steering BG Detailed

Qutput | In-line Dip -
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HorizonCube Layers

It is very convenient to visualize 100s of HorizonCube events in 3D scene. However,
one could convert them into a volume and could easily render it in 3D. This attribute

does such a job, which primarily governs to QC HorizonCube results.

The number of events per layer field allows to select how many events should be con-
sidered to defined a layer. The default value is set to 10, which means that each res-
ultant layer contains at least 10 HorizonCube events. The output of this attribute is a

range of values defining number of layers.

= Attribute Set 3D = =
File

Bad BB 21 ”Hnﬁ Ei
Aftribute set =not saved= ~* | |HorizonCube Layer hd ?

Mr events per layer |10 =

‘ ‘ Input HorizonCube | Continuous_HC_Full W 6 Select ...
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HorizonCube Thickness

It is a vertical thickness (isochron) between two HorizonCube events. It is also a trace
attribute along the HorizonCube events. Such an attribute can also be used to visualize

pinchouts or unconformities (zones of near zero thickness).

e Attribute Set 3D = B
File
Bd AR IR T 1598
Aftribute set |<AJI> ~ ||H0rizonCube Thickness ~ |
‘ ‘ InputHorizonCube|Continuous_HC_FuII v| 9 Select ...

HorizonCube Thickness HorizonCube Density

Example of HorizonCube attributes overlain on seismic data.

Calculate Attributes along 3D HorizonCube

These attributes are computed from the HorizonCube Control Center. The output of all

of these attributes is a set of grids, which are collectively saved as HorizonCube Data.

These attribute grids can be visualized using 3D Slider.
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In the Select HorizonCube option, you can select the entire HorizonCube, or a package

or an event.
frm HorizonCube 30 Attribute Calculation = L
Input HorizonCube Select ...
Attribute =election | General -
Cluantity to output | 4 Dip steered median fitter - 9 Select ..
COutput HorizonCube Data Select ...

% Execution Options ...

9 Run 9 Close

General: This category is used to compute any existing attribute (stored or defined)
along HorizonCube events. For instance, if you already have a stored Al or PHI volume

and you would like to compute it along HorizonCube, you can use this option.

Centered Isopach: This attribute calculates the vertical thickness (TWT/depth)
between two events such that they are centered by an event. In this manner, the thick-
ness is computed along the centered event. Number of layers above/below define the

relative number of events to compute the thickness. For instance, if the value for layers

-515-



above/below is set to 1, for each central event, the thickness is computed by sub-

tracting the TWT/Depth of an underlying event from the overlying event and storing the
result for the central one.

Attribute selection | Centered Isochron -

4k

Layers above 1

4k

Layers below 1

Topographical Curvature: This attribute defines geometrical curvature of an event,
attribute or HorizonCube Data. The stepouts are number of inlines/crosslines to be
used to compute the curvature. These attributes are mostly equivalent to the con-

ventional curvature attributes that are directly computed from the SteeringCube.

Aftribute selection TopolLogical Curvature -
Inl/Crl stepout 1 =

Algorithm  Mean curvature -

References

de Groot, P., Qayyum, F., On the Horizon, Qilfield Technology, p. 24-28, January 2013.
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de Groot, P., Qayyum, F., Attributes play important role in seismic interpretation, Hart's
E&P Magazine, p. 31-34, October 2012.

Weblink: OpendTect Attributes Table
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5.4 Import HorizonCube Surface Data

The HorizonCube surface data can be imported in OpendTect as an ascii file. This is

done via:

fe Import HorizonCube Surface Data - B

Input ASCII File © select...| O Examine

File header Mo header v | |
Format definition | =Incomplete= | Define ...
Import to HorizonCube | Continuous_HC_Full W e Select ...
Cutput HorizonCube Data Select ...
| 9 Import | | €) Cancel | ﬁ Help

Some few specifications are needed such as: File header, the format definition. The sur-

face data is then imported as HorizonCube.
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5.5 Export HorizonCube

The 3D HorizonCube can be exported as a single/multiple horizon, into an ASCII file.
This can be done via export sub menu (Survey > Export > HorizonCube 3D). In the
'Export HorizonCube to ASCII' window, select the HorizonCube and export either the

package or the events.

% Export HorizonCube to ASCII — O X

Input HorizonCube ‘Continuous_HC_FuII v ‘ ) Select ...

Select by O Package ® Event

V] =

Select Event(s) Event 1 (Inl: 103 to 748; Crl: 302 to 1248 ) A
Event 2 (Inl: 103 to 748; Crl: 302 to 1248 )
Event 3 (Inl: 103 to 748; Crl: 302 to 1248 )
Event4 (Inl: 103 to 748; Crl: 302 to 1248 )
Event 5 (Inl: 103 to 748; Crl: 302 to 1248 )
Event 6 (Inl: 103 to 748; Crl: 302 to 1248 )
M Event 7 (Inl: 103 to 748: Crl: 302 to 1248 ) h

Area subselection ‘103/302-748/1248 (463 samples) ‘ ) Select ...

Include framework horizons

Output location | | 6 Select ...

0%

Q Export Q Close 9

Options

* Output Events: It is used to export a selected event(s) to an ASCII file. Multiple

selection could be made by dragging the mouse over a range of events.
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* Output Package: It is used to export the events in a selected package(s) to
ASCII files. Multiple selection of the packages could also be made by dragging
the mouse over multiple packages. To export a pacakge, the output location must
be a directory.

* Area sub-selection: Itis an optional sub-selection to export the events. The user
can restrict the output files within an area of interest defined by a range/-

polygon/table.
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5.6 Manage HorizonCube

= Manage 3D HorizonCube = =
] - Filter |* | ] - HorizonCube data

[] Z-values
=

[] Continuous_HC_Full

[ Continuous_HC_Full_Trim

[] HorizonCube FFT 225 MF 113

[] HorizonCube FFT 225 MF 113 2itr

[] HorizonCube FFT 225 MF 113 Truncated
[] Proportional_HorizonCube

[] Truncated_HC_Full

[] Truncated_HC_Full_Trim

o (@] bt X B [0

Nr events: 430 6
Inline range: 103 - 748 [1]
Crossline range: 302 - 1248 [1]
Package 1l: DataDriwven - Continuous - 3 iterations
Top Horizon : Demo & —-> FS8
Bottom Horizon : Demo 4 ——> Truncation
Nr Ewents : 165
Initial Spacing : & (ms)
Jtart Position : Center : Undefined
W

Motes:

| ) Close || aHelp |

Free space on disk: 149.32 GB

Options
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« [_JRename: Rename the selected HorizonCube.

-
=2/ ock: Sets the selected HorizonCube to a read-only mode and disables edit-

ing.

x Remove/Delete: Removes the selected HorizonCube from the survey.

* L Setas Default: sets the HorizonCube to default.

E” Copy Horizons: Extracts horizons (or patches) from the selected Hori-

zonCube. The 'copy to horizon' button extracts one or more seismic horizons
from the HorizonCube. This launches the above window. Either a horizon geo-
metry from one sequence (i.e. Package) or from individual automated horizons
(Event)can be extracted. The area sub-selection can also be used to restrict the
output horizon geometry either within a volume or within a polygon. The output

horizon can then be used for further analysis.

° Is used to copy the horizon to a new object.

I
° a is used to save the file.

e HorizonCube3D Merger = =
Merge mode (@ Vertical () Horizontal

[] - Ayailable HorizonCubes Selected HorizonCubes: merge in the list order
[ ] Continuous_HC_Full S "»
[ ] Continuous_HGC_Full_Trim
[] HorizonCube FFT 225 MF 113 -» ]
[ ] HorizonCube FFT 225 MF 113 2
[ ] HorizonCube FFT 225 MF 13T —
[ Proportional HorizonCube e
< >

Output HorizonCube v| © Select..

9 Run ) Close ﬁ Help
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HorizonCube Data: It contains the list of all attributes that are computed and stored

along HorizonCube using HorizonCube Control Center. A HorizonCube data is equi-

valent to "horizon data". It contains set of grid based attributes that are computed along
selected/entire events of HorizonCube. This data can also be converted to a volume

using HorizonCube Data attribute.
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5.7 HorizonCube Display Options

A HorizonCube is selected from the OpendTect Processing Menu (Processing > Hori-
zonCube > 3D/2D..). The HorizonCube Control Center pops up. In this window, the act-

ive HorizonCube can be selected via the select button, from the window below:

#™  Load 3D HorizonCube = B

Input HorizonCube

Filter *

Continuous_HC_Full A ]
Continuous_HC_Full_Trim

HorizonCube FFT 225 MF 113

HorizonCube FFT 225 MF 113 Zitr
HarizonCube FFT 225 MF 113 Truncated
Proportional_HorizonCube

Truncated HC_Full

Truncated HC Full Trim ¥

X &

<

9 OK () cancel ﬂ Help

CtworkiSurfaces\Continuous_HC_Full.hci

Alternatively, a HorizonCube can be selected directly on an element (e.g. Inline/Cross-
line/2D Line):
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4 Iy In-line

4 [v][425]

Add P || Aftribute

Cross- i
:Z—slice Display } | ‘% Volume Builder Attribute
@ Volume Duplicate '€ HorizonCube Display
~ Rando Reset Manipulation =  Systems Tracts Display
7 2D Lin¢ Ik Vert. Res. Estimator
@ 3D Hor Display Prestack Data  »
~4 2D Hor )

4 Correlate with Wells ..

Fault

Faultst &8 Lock Treeitem
@& Body | == Remove from Tree

Changing the selected HorizonCube can be done via the control centre (as mentioned

above), or directly via the element in the tree. Here we see an example of changing the
HorizonCube displayed on an inline:

4 Iy In-line
4 [V] 425
[+ Continuous_HC_Full!

4 Dip steered medi | SelectHorizonCube  » Continuous_HC_Full

v Drn;s—lme Maove ’ Continuous_HC_Full_Trim
b F-slice Displa 5
. Volume prlay HC25042016
~ Random Line Reload Proportional_HorizonCube
r-! 2D Line == Remove Truncated_ HC_Full
P .

3D Horizon Truncated_HC_Full_Trim
~ 2N Haorizon

HorizonCube display options

4 Iy In-ine
4 425
[¥| Continuous_HC_Fulll
4 Dip steered medi: Select HorizonCube »
I Cross-line Niove N
: inslﬂtr::e e i’ |q} Properties ...
~' Random Line Reload
- 2D Line == Remove
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i)

HorizonCube display options - =
Fill between lines () Yes (@ Mo
Use single color () Yes (@ Mo
Transparency 0
Line width |2 | Spacing 1 =
Horizontal resolution |2 trac 5
[ ] Truncate HorizonCube 2 (events per sample interval)
Top 0
Base 429
[ ] Linkto ColorTable
[ ] Lock Top/Base distance
[ ] Apply to all
[ | Save as Default ) Close a Help

The display properties of an active HorizonCube in the scene.

From the tree, right-click on the displayed HorizonCube and select 'Display > Prop-

erties' menu item. It will launch a new dialog appears as shown above:

In this particular window, you can change the line styles (fill/ single color display), spa-
cing between horizons, line width. Importantly, a slider (top of bottom) is also available
to slide the horizons. For instance, if you have displayed thick horizon lines and you

want to see that how the layers are developed, you can move the slider within same
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window. The horizontal resolution option will increase or decrease horizontal smooth-

ing according to the selected traces.

Truncated HorizonCube is an option to apply on-the-fly truncation filter on a Continuous
HorizonCube. The value of 2 means that only 2 events would be kept within a sampling
interval and the remaining would be removed in the display. Note that the truncated
HorizonCube is optimum display for interpreting depositional trends in a Wheeler

scene. Therefore, this option is a valuable tool to make SSIS Interpretation.

Another useful visualization tool is the HorizonCube Slider:

! HorizonC... - ':'

Top Base
L]
Ll
1 429

[ ] Linkto ColorTable

[ ] Lock Top/Base distance

() Close ﬂ Help
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Once you have the HorizxonCube displayed on, for example, an inline, pressing the
HorizonCube slider button brings up a simple dialogue which allows for control of the

horizons displayed in the scene:

# HorizonC.. — B

Top Base

[] Link to ColorTable

[] Lock Top/Base distance

| gCIOSEH gHelp |

The top and base horizons can be manipulated via the slider or set by entering a Z
value into either field. Additional options allow the user to 'Link to ColorTable' and/or

'Lock Top/Base Distance' to aid browsing.

-528 -



6 Sequence Stratigraphic Inter-

pretation System

6.1 Introduction

Automated horizon-tracking, Wheeler transforms, and systems tracts interpretations
are unique 3D seismic interpretation capabilities that are supported in OpendTect

SSIS; dGB's new Sequence Stratigraphic Interpretation System (SSIS for short).

In SSIS, seismic interpreters are offered new ways of visualizing and analyzing seismic
data, which leads to better insights of sediment deposition, erosion, and timing. In com-
bination with OpendTect's neural networks plugin, users can follow up with seismic
facies clustering and study the resulting patterns and bodies, and their spatial dis-

tribution, in relation to geologic timing and systems tracts.
The OpendTect SSIS workflow is an iterative process that consists of four basic steps:

First, major sequence boundaries are interactively mapped with OpendTect's horizon
trackers (or these are imported from other interpretation systems). Next, all possible

intermediate horizons are auto-tracked with sub-sample accuracy. Each intermediate
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horizon corresponds to a geologic time line, i.e. a chrono-stratigraphic event, and can
be identified by a unique index indirectly to relative geologic age of the event. The index
is automatically assigned to each horizon in stratigraphic order according to its relative
thickness. Horizons that form the base of one sequence and the top of the sequence
below it, are assigned the same index. This index can be manually overruled for both
indexes separately. In this way the duration of deposition and duration of hiatuses can
be changed. When a horizon is diachronous (time transgressive), the index is the
youngest index for the top of a sequence and the oldest index for the base of a

sequence.

Two auto-track modes are supported: model driven and data driven. In the model
driven approach the HorizonCube is calculated by interpolation or by adding horizons
parallel to upper or lower bounding surfaces. In the data-driven mode, seismic horizons
are auto-tracked by following the local dip and azimuth of the seismic events. This
mode requires OpendTect's dip-steering plugin to pre-calculate the SteeringCube con-

taining the dip and azimuth information.

vy
£
’ P
—_— Tracking _
; —]
Seismic Cube Seismic + Horizons
Interpretation
P Assign chrono-

stratigraphy

7

Flattened
Seismic Seismic +

Chronostratigraphy
Wheeler

Transform
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SSIS Workflow

The third step in the process is the actual Wheeler Transform. Basically, this flattens
the seismic data (or derived attributes) along the auto-tracked horizons and honors trun-
cations and erosional/depositional hiatuses. Studying the data in the Wheeler trans-
formed domain increases our understanding of the spatial distribution and timing of
sediment deposition. To quote sequence stratigrapher Peter Vail: "You never fully
appreciate the implications of a sequence stratigraphic interpretation until you've trans-

formed it to a Wheeler diagram”.

The fourth step in the SSIS workflow is systems tract interpretation. Inspecting the spa-
tial distribution of the sequences and lap-out patterns of seismic events, in both the nor-
mal domain and the Wheeler transformed domain, enables the user to segment the
seismic sequences into systems tract. Systems tracts are specified per HorizoncCube
range. To accommodate different naming conventions, the software allows the default
systems tract names (High Stand, Falling Stage, Low Stand, Transgressive) to be

replaced by user-defined names.

With the HorizonCube calculated and optionally systems tracts interpreted, the user
can continue the sequence stratigraphic analysis with seismic facies interpretation.
Visualizing systems tract-interpretations together with the HorizonCube and overlaying
the normal- and Wheeler transformed domains helps in identifying depositional fea-
tures of interest. More advanced seismic facies analysis is possible with OpendTect's
neural network plugin. Waveform segmentation along any HorizonCube event is a
simple and straightforward approach for visualizing seismic patterns per stratigraphic
event. Similarly, seismic attributes can be clustered by a neural network to reveal 3D
bodies. Further, the user can train a neural network to recognize seismic bodies in 3D
from user-defined examples (supervised mode). These approaches have already been
supported in OpendTect's neural network plugin. The new version of SSIS allows the

results to be visualized and analyzed in the stratigraphic domain, i.e. without distortion
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by the structure. To appreciate this, you could load (a subset of) a Wheeler-trans-
formed seismic volume (e.g. an attribute, neural network clustered result, or Al cube) in
the volume viewer of the Wheeler scene and use the time-slice display to scroll the
data. Time slicing in the Wheeler domain corresponds to horizon-slicing in the normal
(structural) domain, hence all patterns observed in each slice belong to the same geo-

logical event.
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6.1.1 SSIS Toolbar

The SSIS toolbar contains the icons that are used by a user to manage the Hori-

zonCube and corresponding stratigraphic interpretations:

— R
5

Launch SSIS interpretation module. In the SSIS interpreation window the

user can interpret sequence stratigraphy by using the HorizonCube. Note that the
correct HorizonCube needs to be selected first.

o g}- The HorizonCube-slider is used to visualize the seismic horizons in a strati-

graphic manner i.e. slide the horizons from top to bottom to visualize the depos-

itional patterns.
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6.2 Interpretation Window

See following chapters below.
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6.2.1 Overview

In OpendTect-SSIS, an interactive module is used to interpret a sequence in details.
This is done by displaying the HorizonCube on an element (inline/crossline/2D line)

and launching the interpretation setup:

* Select the HorizonCube.
* Add the HorizonCube display in the tree.
* From the SSIS menu select SSIS > Interpretation > New/Edit or use the short-cut

R
button!"! = from the SSIS toolbar.

Processing | Scene View Utilities CLAS Help
Create Seismic Output 3 — E—= q
. Ala SE%
Create Horizon Qutput b - -

LR g I.]dEEI 1N HorizonCube
(Re-)5tart Batch Job ...

7 Dip Steering »

ww GMT Mapping Tool ...

& HorizonCube b

1. Madagascar ...

|= 3515 / Create Wheeler Qutput »
In;m Line Flatten Horizon/Seismics  »

Launch the interpretation window

This window is used to perform a sequence stratigraphic interpretation from the Hori-
zonCube (2D/3D). The interpretation is done in an interactive manner i.e. by sliding the

HorizonCube-slider up and down (right panel) and visualizing the depositional changes

in the OpendTect scene. When a shift in depositional pattern is apparent, a sequence

stratigraphic surface can be inserted by pressing the Insert button. This is also
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interactive, i.e. the slider will update the display in the OpendTect scene and the sur-
faces will be added in the graphical area (left panel) of the Interpretation window. An
example of this interpretation window with a sequence stratigraphic interpretation is

shown in the figure below.

frm Interpretation: Interpretation 1 = B
2 EEE XM
‘ Set Cancel edit  HorizonCube: Continuous_HC_Full
| Insert | | Insert | Sequence Model: Depositional Sequence IV
Top Base Absolute Systems Stratigraphic Base Level
m| age (My) Tracts Surfaces Risg<— Fall

Tup Undefinedi

F

7 Top testl

|
o o |

[] Link to ColorTable

[] Lock Top/Base distance Level Level hd
|°0k.'Save| | ) Cancel | | 6’ Help |

=Unassigneds

Interpretation window for SSIS

. = Open the stored interpretation. Note that more than one interpretation can be
stored for any calculated HorizonCube.

° D Save the interpretation.
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° m Save the interpretation with a new name i.e. Save As..

° E Manage the Sequence Model.

° % Display settings:

fres Display settings ==

Interpretation window settings

Base Level curve color (@ SystemsTracts () Blue
Show Base Level labels (@ Yes () Mo

Show stratigraphic surface names (® Yes () No

Show AGT Axis | Yes -

30 Scene settings

Show AGT annotation (@ Yes () Mo

Show SystemsTracts axis (@ Yes () Mo

() Close | ﬁHelp

° gll Calculate the statistics for your model:
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fee SystemsTracts Statistics - =

On 0K, the statistics Min, Max, Median, and Average
will be calculated within the given range.

You'll be able to switch between the results by
right-clicking on the statistical curve

Area subselection |103/302-748M 248 (463 samples) 6 Select .

o 0K () Cancel a Help

° ﬁ Take a snapshot of the graphical area and save it.

* Link to ColorTable: This options is used to lock the color table while moving the
slider position up and down.

- |SaveAll Surfaces .. will present you with a dialogue where you may select the

surfaces you wish to save and set basic options for these:
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Save Surfaces - O

Specify Parameters

Area subselection |103/302-748M 248 (463 samples) | e Select .

Select surfaces to save

Top H3T1 Top H3TZ2
Top F35T1 MF31

Top LST1
Top F35T2

»
Top LETZ2 *

MF33

Surface Mame: MF31

Output 3D Horizon | v | ©) Select... % dGB -
Tiedto Level | — -
Base color | White - |

o oK () Cancel a Help

Colour-coded Base level Curve

The base level curve colour could be changed in such a way that a segment bounded
by two nodes/surfaces represents the corresponding systems tract colour. This is done

by right-clicking on the curve and selecting the option colour coded.
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6.2.2 Select, Define a Depositional Model

e Manage Sequence Models - B
Seguence Model Depositional Sequence IV -
Hame Color Phase ratigraphic Surfa Color
testd Mone * | Top Undefined
Lindefined Mone * Top Undefined
tests - Maone * | Top tests -
Seqguence Boundary is top of Mone =
Add model ... M Save as  Remove model ..
9 oK ) Cancel ﬂ Help

Sequence Models Dialog

Seismic sequence stratigraphic interpretations in SSIS are started by select-
ing/creating a depositonal model. The models are color-coded representations of sys-
tems tracts in OpendTect and the corresonding base level curve is automatically drawn

in the Interpretation system. To select/define one of such model, click the Select

Sequence Model% icon. By default, there are five different standard depositional

sequence models available in the setup. You can either select any one of them or press
Add Model to add new model in the Systems tract setup window. The model can be
saved at a user or at a survey level. The user level is used to save the model for the cur-

rent OpendTect user name only and it will be accessible by that user name only in all
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surveys. However, you can also save it at a survey level, which means that the model

would be available to all surveys in the current surveys directory.

= Savemodel - O

Enter a name for the maodel

Depositional Sequel
Stratal Packages

£ >

Mame for model |Depositional Sequer

Store for (@) User () Survey

9 OK ) Cancel

A user defined Sequence Model

In order to define a new model, press the 'Add Model' button and type the name (Name
for Model) in the pop-up window. Store the newly created model either for the current
user or for the entire survey. On 'OK', a blank model will be added in the systems tracts
Setup. Right-click on the Undefined text in the Name Column and select Insert row after
sub menu. This will add a blank line below the undefined row. Type a name for the sys-

tems tract of the newly created model. To assign a color for the newly added systems
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tract, double click on the white cell of the same row. Select an appropriate color for the

systems tract.
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The sequence boundary could also be changed for a depositional model. You may put
the sequence boundary at a selected systems tract name. This sequence boundary will

appear in the base level curve.

Most of the fields (name, color) are editable by double clicking on the cor-
responding cell. You may also override the color and name as you like. The
Standard colors and names of the surfaces are used while converting the

surfaces into general OpendTect horizons.
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6.2.3 Interpretation Workflow

After defining/selecting the right depositional model, you are ready to start interpreting

sequence stratigraphic surfaces and the systems tracts. First, create an overlay of the
HorizonCube on an inline/crossline/2D line, and position the scene in a way that you

will notice main depositional changes (see below).

Interpretation: Interpretation 1

- L 1=F$"

Set Cancel et HorizonCube: Continuous_HC_Full

‘Sequence Hodsl; Depositional Sequence IV

Base Level Average Thickness
Rises— Fall 167 18!

Top test1

= a
: -430

[ Linkto ColorTable

[ Lock Top/Base distance | Clear | Level Level 1 - savedlisutaces .| gl

430 =Uniassigned=

Relative Geol Time: 284

The displayed seismic data is on an inline and the displayed HorizonCube
is created for the entire survey range. The interpretation window is placed to
the left so that the identified sequence stratigraphic surfaces can be inser-

ted easily.

Check the Link to ColorTable option to optimize (stretch/squeeze) the colors for the
HorizonCube relative to the slider position. Now, move the Top slider slowly down/up to
observe the depositional changes. Start your interpretation from the bottom events of

the HorizonCube. Move the Top slider up from the lowest position and position it where
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you observe a depositional shift or a sequence stratigraphic surface. At this point, you
can add a surface to the current interpretation. Press Insert button to add a sequence
stratigraphic surface in the display panel. This will add an surface in the Systems Tracts

(grey) column (as shown below).

@ Interpretation: Interpretation 1

= c@ e XA

Set Cancel edt HorzonCube: Continuous_HC_Full

m Insen | Sequence Model Depositional Sequence IV

Avsolute Systems ‘Stratigraphic Base Level Auerage Thickness
age (My) Tracts. Surfaces Rise < Fall 167 189

Top Undefined |

op test

Newly added
surface

430 z

& <Unassigned>

[ Link to ColorTable

[ Lock TopBase distance | Clear | Level Level 1 - [saven Sutaces | gl

(@ en] (@ cort | @i

Systerns Tract Type: tests

The top slider position is adjusted to view at where the depositional chagnes are

observed (e.g. in this case from transgression to normal regression).

Now, the next step is to assign a name to the sequence stratigraphic surface. Right-
click within the gray area i.e. just below the newly inserted stratigraphic surface. In the
pop-up tree, you will see four options. From the 'Assign Systems Tract' option, select a
sequence systems tract. Once you have selected this, the package will be filled with the
corresponding color. Note also, that the relative change in base level is automatically
plotted according to the depositional sequence model. Now you can continue inter-
preting the entire section by positioning the slider to next position(s) and following the

same steps.
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Assign Systems Tract  » . tests
show Thickness Map .. Undefined
Interpret sub-units . testd
SetAbsolute Age .. 'I'

The pop-up menu is briefly explained below:

* Assign Systems Tract: Note that each depositional model has its own systems
tracts- definition. Thus, if you have selected depositional model IV the cor-
responding systems tract that you can assign will be listed as above.

» Edit Boundaries: If you are not satisfied with the inserted stratigraphic 