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1 About Tesseral Pro

Tesseral Pro is designed for calculating seismic synthetic gathers using finite-difference wave equation
approximations, such as acoustic, elastic, anisotropic, visco-elastic and 2D ray- tracing (approximation
by Eikonal equation). In the Tesseral Pro, the depth velocity models can be built from well data,
geological surface maps or 2D/3D grids.

Also, Tesseral Pro allows building a 3D observation system and performing 3D Ray tracing.
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1.1 System Requirements

Minimum Recommended
Windows /7/8/10/11 Windows /10/11
1.5 GHz CPU 3.0 GHz CPU,
Commodity or integrated GPU power GPU
4 GB RAM 16 GB RAM
2 GB free space on HDD 10 GB free space on HDD Network
Card (access corporate database)
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1.2 Tesseral Pro package download and Installation

The latest versions of the Tesseral products can be downloaded from the following links:
http://www.tesseral-geo.com/download.en.php

To start the installation process, please unzip the file and then run the setup executable.

NOTE: If you have purchased the Tesseral Pro USB-key license, please do not insert your
USB key before finishing the installation. The drivers for USB key will be set up during the
installation.

After successful installation, a We 1 come dialog (below) will appear.

-
) Tesseral Pro Setup ==
- EEEE - ’i

Welcome to the Tesseral Pro
Installation Wizard

It is strongly recommended that you exit all Windows programs
before running this setup program.

Click Cancel to quit the setup program, then close any programs
you have running. Click Next to continue the installation.

WARNING: This program is protected by copyright law and
intemational treaties.

Unauthorized reproduction or distribution of this program, or any
portion of it, may result in severe civil and criminal penalties, and
will be prosecuted to the maximum extent possible under law.

¢Back [ Newt> { [ Cancel ]

Inthe User Information dialogue box you may enter your name and specify if other users can
use Tesseral Pro on this computer (the current user only or all the users of this computer).

~

-
ﬁ Tesseral Pro Setup = |
User Information 6
E nter the following information to personalize pour installation. -~

Full Name: |John Srith

DOrganization: I

The zettings for thiz application can be installed for the current user or for all users that
share this computer. Y'ou must have administrator rights to inztall the settings for all
ugers. Install this application for;

() Orily for me [Quadra)

[ < Back ][ Mext » ] [ Cancel ]

After installing Tesseral Pro, just click “Tesseral Pro” in the start menu to start Tesseral
Pro:
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. Tesseral Pro
@; Metwerk Calculation Manager
ﬁ Tesseral Pro
jﬁ TXT te LAS Converter
ﬁl Uninstall Tesseral Pro
J Documentation
E?J User Manual

m

When Tesseral Pro is started for the first time, you need to enter your registration information or insert
your USB key (see Licensing Policy at Section 18). After registration, the program is ready for use.

r ™
(5 Register Tesseral Pro @
Alpha-digital key

Outgoing Code: I

Please email this outgoing code to the Customer
Service, and then enter the incoming key you
receive.

Incoming Key: IWZHSKT71 MX4M4I7MUSXNHAXECE

Please, visit http: //www.tesseral-geo.com for
information of how to obtain trial evaluation key.

carcd_|

HASP key Network HASP key

o  Network Address:
! Insert Key | E'-l-'é_‘
= ’ Connect

o

. 4

Without a license, in the demo mode, the functions of synthetic gathers modeling and gathers processing
are unavailable for the users.

10
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2 Introduction

After launching the Tesseral Pro, a Wwe 1 come dialogue box with several options appears.

r Y
Welcome u

N

CREATE NEW MODEL
@ [ LOAD MODEL |

)

N

D 1 OPEN PROJECT |

= ] | www. tesseral-geo.com
1 OPEN LAST PROJECT

I Don't show Startup dialog

e The CREATE NEW MODEL button launches the Wizard to create a new model (Section 3.1).

e The LOAD MODEL button is for loading a model in TAM format used in the Tesseral 2D
program, WGC format, GXII format or loading a model from a text file in various formats
(Section 3.1.9).

e The LOAD SEISMIC FILE button enables the visualization of gathers in standard SEG-Y,
internal TGR and SDS-PC formats (Section 13.1).

e The OPEN PROJECT and OPEN LAST PROJECT buttons are for loading the files of
Tesseral Pro projects.

If you click Done, the standard empty window of the Tesseral Pro project will appear.
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2.1 Layout of Tesseral Pro window

ﬁ Untitled - TesseralPro = &1
File Database Edit View Model Map Seismic 3D View Run Help
P DM CSP o HE D e w BRG] & ||
E&ATlT
* : c B
B3 Madel
&1 Map
S& Seismic files
B3 Database
Project and - Pane for building models, visualizing
database pane synthetic gathars, maps or other graphic
data
Modeling Wizard |
e -
| | 2l | ;H
Synthetic ssismograms creating: STEP 1: CrEatE\felucityﬂudEI> | _ step 2: Acaisition Geometry > || STEP 3: Run modeling > || Hide
For Help, press F1

In the left panel the database tree (please see description in the Section 17) and the project tree (please
see details in the Section 11.8) are displayed. The right panel is for building the model and visualizing

gathers, maps or 3D images. All the objects in the right pane are displayed in rectangular frames (please
see details in the Section 11).

At the bottom of the main Tesseral Pro window is the Mode11ing Wizard, which initiates one of the
3 main steps in a modeling process (Section 2.3).

12
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2.2 Menu overview

Menu File consists of the options for creating, saving or importing a project (TPA
format), loading models, gathers or surfaces, printing document and exporting the
project into standard raster-type or vector formats.

Menu Database is for managing the database in Tesseral Pro, such as
creating/selecting database, or importing/editing a well log data (see Section 17).

Menu Edit is for manipulating Frames.
Menu View is for general commands for working with Frames.

Menu Model is for creating and modifying velocity models and acquisition geometry
(Section 12).

Menu Map is for creating/loading a surface map and different ways of displaying the
surface map (Section 14).

Menu Seismic is for loading seismic gathers in SEG-Y, SDS-PC or TGR formats
(Section 13) and changing the visualization modes.

Menu 3D View is for viewing 3D images (Section 15).

Menu Run is for launching computation of synthetic gathers for one particular model
or to process these synthetic gathers using available processing modules such as
stacking and 2D migration (Section 5, 11).
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2.3 General steps for synthetic modeling

At the bottom of the Tesseral Pro window, the 3 sequential steps for creating synthetic gathers are
shown:

STEP 1. Creation of the 2D velocity model. The velocity model can be created by using well data, maps
of horizons or 2D/3D layered model (SEG-Y format) or LAS file). 1D/2D vector models in various
formats from other packages are also supported (Section 3.1).

STEP 2. Creation of the acquisition geometry (source and receiver distribution, section

STEP 3. Set up ofthe modeling parameters and start a modeling job which launches one
of the following computational engines (Section 5):
2D/3DVertical Incidence

2D Scalar

2D/3D Acoustic

Acoustic without multiples

2D/3D Elastic

2D/3D Elastic Anisotropic

2D/3D Visco-Elastic

2D Eikonal Ray Tracing

2.5D Elastic

2.5D Elastic Anisotropic

11. Haskell-Thomson

The procedures for processing gathers (Section 11) and the module for ray tracing (Section 6) are
integrated into Tesseral Pro.

© o N o gk~ wDdhE

[EEN
©

14

© Tesseral Technologies -User Documentation-



3 Depth model building

To create a depth-domain velocity model in Tesseral Pro, a Mode 1 Frame is to be used.

All the objects in the Tesseral Pro are comprised in Frames; see Section 11 for details related to different
types and options for manipulating frames.

In the Model Frame users can build arbitrarily complex velocity models for any geological structure,
add anisotropic or fracturing parameters into the background model and design the acquisition geometry.
The geological model is built by overlapping a set of polygons. Within each polygon, the rock physical
parameters could be homogeneous or complicated (with a linear gradient along depth). For model
creation, users can use the reflection horizons, velocity, density, anisotropy and other parameters from
acoustic well logging, grids of layer data in SEG- Y format, as well as 1D/2D vector models from other
packages.

15
© Tesseral Technologies -User Documentation-



3.1 Building a new model

The first stage of model building is to specify the basic parameters: size of the model (width and depth),

geographical reference of the coordinates, and the main source of data used for building models (grids

in SEG-Y format, grids or isolines of reflection maps, well data, underlying image and etc). The menu

Model > Create Velocity Model (New Frame) isused. After that, the Wizard for new
model creation will appear.

Create new Model ﬁ

WIZARD

SIMPLE model = |

From SEISMIC file =

From SURFACES =

From database WELLS >

From 5PS-file =

From LAS-file = |

From Picture =

Load model from other format file... |

Manual setting (using Properties dialog). .. |

In this dialogue box, users can select one of the main data sources for creation of a depth model. In the
next chapters, various options for model building will be described one by one.
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3.1.1 Creation of a simple 2D model
Firstly, click the menu Model > Create Velocity Model (New Frame).
Then, select SIMPLE model > inthe Create new Model pop-up dialogue box.

In the Section dialogue box, specify the model*s length and the top and bottom of the depth model.

NOTE: The distance units in the model may be meters or feet. Select the measurement
units in the project as described in the Section 16.

[ Section &Jﬂ

len 0 200 400 600 800

Depth

Length 1000 m Top 0 m
Bottom 1000 m

Cancel | Help

After specifying model‘s size, click Next. You will see the Base Polygon dialogue box where the

constant or linearly-increasing compressional velocity of the background model (base of the other
polygons) can be specified.
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Base Polygon @

2000 2500 2000

len 0 200 400 800 800

Compressional velocity 2000 mss
[¥ Vertical linear velocity gradiert (V=A+Depth™E)

V= 1800 +Depth ™ |1.32

< Back

Cancel | Help |

i

After clicking Finish, the Frame Model will be created, and you will be asked to design the
acquisition geometry used for modeling, as shown below:

Acquisition Geometry &J

:] Do you want to run "Acquisition Geometry WIZARD"?

This message will always pop up after creating a new model. Please see more details about designing
related source/receiver distribution in the Section 4.

After the “empty” Frame Model is created, it has to be overlapped with polygons with various velocities,
density and other rock physical parameters. Please see more details about how to build a model using
polygons in Section 5.

18
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3.1.2 Creation of a model from a SEISMIC file

If you have a 2D or 3D velocity depth model in SEG-Y format, you can use it as an underlying image
for the model.

For example:
15 Untitled - TesseralPro o[ B |
File Database Edit View Model Map Seismic 3DView Run Help
P DEHE 2 A-=CC w2 | 23 B33 | o RS L2 [100% 1| [
ww ] Examples of SEG-Y files of depth velocity model IE’ 2, >
3D model | 2D model | =
| I |

3500 4000 4500 5000 5500 6000

len 0 1000 2000 3000 4000 5000

<

Synthetic seismograms creating: STEP 1: Create Velodty Model = || STEP 2: Acquisition Geometry > || STEP 3: Run modeling = || Hide

point: 188 x 6 mm, 1 frames selected
L

This means that, instead of drawing polygons and adjusting their parameters, users have the option of
using SEG-Y files directly. Users only need to select the size and location of the model. If the SEG-Y
files contain only compressional velocity, then the other parameters (shear velocity, density) will be
calculated automatically by using some empirical formulae. Importing density, shear velocity and
anisotropy from SEG-Y files is also supported.

The time-domain model in SEG-Y format may also be used. But it needs to be transformed into depth
model in advance; the Run > Velocity Model > Time to Depth Transformation menu is used for this
purpose. Please see more details in the Section 10.2.2.

NOTE: In Tesseral Pro, SEG-Y files can be visualized by using the menu Seismic >
Load Seismic File (New Frame) (please see the Section 13 for details)

After clicking the Model > Create Velocity Model (New Frame)menu, you will see the Create new
Modeldialogue box. Then click the From SEISMIC file > button to build the model from the seismic
file.

STEP 1. Selection of a SEG-Y file with velocities
In the File dialogue, please select the 2D or 3D seismic file in one of the SEG-Y or TGR formats.

19
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File =
0 2000 4000
s s
(=] =
o =
(=] =
[oe] [ ]
(=] =
(=] =
o o
o o
0 2000 4000
Seismic file  |seralProTesseral 30 Files\DUPLEX_VELOCITY_MODEL sgy
Add other component files |
| Mea> | cance | Help

Apart from the compressional velocity data, you may also have depth-domain seismic files with density,
shear-wave velocity or anisotropy data. These files may be also used as the underlying image for the
corresponding components. Click the Add other component files button to select the files of
other components in the Model from seismic files pop-up dialogue box.

' R
Model from Seismic Files ﬁ
Compressional Velocty | =sseralProfTesseral 30 Files\DUPLEX_VELOCITY _MODEL.sgy Load Remaove
Density | lesseralProfTesseral 3D Files\DUPLEX_DEMSITY _MODEL.sgy Load Remove
Shear Velodity | WTesseralPro\Tesseral 30 Files\DUPLEX_SHEAR_MODEL.sgy |{load || Remove
Anisotropy Epsilon | Load Remove
Anisotropy Delta | Load Remaove
Anisotropy Phi | Load Remove
oK | Cancel |

b e

When the seismic file is selected, press the Next > button.

STEP 2. Selection of coordinates and the Model profile

In the next dialogue box Profile, if the seismic file is 3D, users need to enter the coordinates of the
model profile, or draw the profile manually in the plan by pressing-dragging and releasing the left mouse
button.

20
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r ™
Profile [

0 2000 4000 Use mouse

: H T to draw a
= = profile
= o
=2 =1
= =]

Zoom
map

) R
= =
= o=
= =1
= =]

0 2000 4000

Xbeg. [ m Lenght  [5952 m
Ybeg. |35 m Admuth  [487  deg
Profile property display mode  |Lenght Azimuth |
< Back Nest > Cancel | Hep |
A

STEP 3. Size of the model
In the next dialogue box Section, please specify the top and the bottom of the model:

F B
Section ﬁ
3500 4000 4500 5000 5800 5000
len 0 2000 4000

<Back | Fnsh | Cancel | Hep |

L

The model with the underlying seismic file is ready. Then, the users will be asked to design an
acquisition geometry for the model (please see the Section 4 for details).
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Users may add polygons above the underlying image to finalize the model building. In Section 3.1.8,
see details about how to adjust the model*s parameters, which have an underlying SEG-Y image.
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3.1.3 Creation of a model from Maps

The grids or isolines of the reflection horizons may be used for the automatic creation of model*s
polygons. In this case, the 2D model is built as a vertical section in the 3D cube of surfaces (see figure
below). As a result, the top and the bottom of each polygon have the same shape as the surfaces for the

given section.

-
ﬁ Untitled - TesseralPro

[E=En ™
”Eile ﬂgatabase Ed'ft View ,M‘?de,',,,,M?:P, §eisin7ic” 3DV|ew WBun ﬂeig B -
DEEEIEEEEREE ERR IR | 1
A % |[obase) Rl Lol diS S eI R A A
A B z
[7 s Gl ‘t‘c‘ﬂtvcc“‘tt‘t‘t‘c‘ﬂﬁcc‘ﬁtt“(ﬁfg‘ﬂt‘c‘tltt‘i‘t‘c‘ﬂt‘«ﬁ'c‘i‘t@_
[ —- 3500 3000 3500 5000 5500 5000;

Surface
<
Synthetic seismograms creating: STEP 1: Create Velocity Model > || STEP 2: Acquisition Geometry > || STEP 3: Run modeling > || ride | ‘
point: 225 x5 mm, 1 frames selected | | 4

To use this function, first click Model > Create Velocity Model

(New Frame),

in the dialogue box Create new Model click the button From Mapsmaps >.

and then

In the opened dialogue box Maps click the button Add File > ifa surface is going to be loaded

from the file into the Tesseral Pro project (see figure below).
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CCAT(Z) local.grd

DELKPT{3Hocal .grd

DWABAM{4Hocal ard
H ocal .grd

Delete <

Delete all <<

| Nex = | Cancel | Help |

L

After you have selected the files with surfaces, the dialogue box Choose mapping method will
appear, and then the dialogue box Calculate Isolines will appear for adjusting the parameters
of the isoline image. Repeat these steps to add more layers. When all the needed surfaces are loaded,
press the button Next >.

NOTE: You may select several surfaces at a time inthe Add File >.

In Tesseral Pro, the surfaces may be loaded directly from files that have major text formats, or may be
calculated from stratigraphic well data. Please see Section 17 about loading stratigraphic data into the
database. Section 14.2 describes the functions for computing surfaces from well data.

In the next dialogue box Profile please specify the profile coordinates manually or draw the profile
using the mouse (press-drag-release).

24
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o |
Profile (S
Use mouse
to draw a
prfile
Hor.beg. |581] m Her. end. 3257 m
Vert.beqg.  |530 m Vert.end. 35957 m
Max. no. of nodes on profile 20 EI:
< Back MNext = Cancel | Help |

In the figure above, the Max. no.

nodes at the top and bottom of each polygon created from the surfaces.

Press the button Next > to navigate to the dialogue box Section.

'.

Section

SC)

len 0 1000 2000 2000 4000

I e
. 4 |

L

Depth

length {5000 m Top 0 m
Bottom 3362 m

< Back | Finish | Cancel |

Help

L

In the dialogue box Section please specify the range of the model. In this dialogue
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box, the lines of the polygons are shown. By default, velocities and other parameters of the polygons are
not present, so the polygons are displayed in grey color. To specify the parameters for each polygon,
select it by mouse and then click Model > Edit Polygon (Section 3.2.5).

26
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3.14 Creation of a model from database WELLS

The well data (acoustic logging and/or density logging) are mainly used for creation of thin-layered
models.

NOTE: To create a model by using well data, the following data need to be loaded into the
database:

1) Coordinates of the wells;

2) Survey directionality (if the survey has no directionality, vertical wells with provided
altitudes is sufficient);

3) Depths of layer intersections;
4) Acoustic (density) logging data for creating thin-layer models.
Please see Section 17.5 for more details. If users wish to create a simple horizontally-

Steps for creating a model from the well data:
1. Click Model > Create Velocity Model (New Frame).

2. In the dialogue box Create new Model, click the button From database
WELLS >.
3. In the dialogue box Select Wells, select the wells to be loaded from the list of

Wells. You may mark one or several Fields, and then in the box Wells only wells
from these Fields will be shown.

Select Wells @

Field

B5630] General (m

£5535] Gorobeivakoje (i)

Wells

_

[fulua]

K

Cancel

After selecting the wells, press button OK and go to the dialogue box Wel1s.

In the dialogue box We11s, the geographical location of the selected wells is shown, and you may add

or remove wells from the profile using the buttons Add > and Delete <.
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[ o |
Wells (S
o m
o =
(=] =
o o
= =
o =
(=] =
o o
10000 15000
1
Add > 12
Delete <
Delete all <<
Nex = Cancel | Help |

When all the needed wells are loaded into the model, press the button Next >. In the next dialogue box
Profile, specify the coordinates of the model*s profile or draw the profile manually by using mouse

(press-drag-release):

Profile [
Use mouse
to draw a
profile
= =
= =
= =
o o Zoom
map
= =
= =
o o
o o
10000 18000
X beaq. [15430)] ft Lenght 9648 ft
Y beq. 15883 ft Azimuth  |218.3 deg
Profile property display mode Lenght . Azimuth -
< Back Mext > Cancel | Help |

h

In the next dialogue box Section please set the top and the bottom of the model:
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[ o |
Section &J
len 0 2000 4000 8000 800
‘1;_ ‘11 j&-
] 0
0ood 0004
L " qzad75 |
4 L T iEg42 T g
18244 4
i} L]
Depth
Length 10000 ft Top -400 it
Bottom  [17000] ft
< Back MNext = Cancel | Help |

In the next dialogue box Base Polygon, please specify the velocity of the basic polygon:

F |
Base Polygen @

len 0 2000 4000 6000 800
12 ‘11 5
0 0
0004 0004
4 1 5
F 4 L T 1843 |j g
18309 4
Compressional velocity 7000] ft/s

[~ Vertical linear velocity gradient (V=A+Depth*B)

V= |0 +Depth = |0

=

< Back

e = Cancel | Help |

A

In the next dialogue box Wwe11 data, you may select the stratigraphic arrangements and the logging
data will be shown near the wells.
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[ o |
Well data (]
len 0 2000 4000 6000 800
12 ‘11 i&-
0 ] = = 0
S —— —— o4
Ao Fiey Ty L
22 ] S22 SR ]
o —£20 =5 .
E. #7:Y S ¥' 1
D008+ St St 000
i ) N
Azl St 13487.5
Chet T 15643 oA
18391 4
¥ Layers v s
Properties Properties
Width (mm) |10 Width (mm) |10
< Back MNext = Cancel | Help |
b

Check Layers for automatic creation of polygons by stratigraphic correspondences. Check Log for
automatically filling the polygons with the parameters from well logging (creation of thin-layered
model).

Preparation for creating a thin-layered model
The preparation includes selecting curves for the model and adjusting the re-calculation parameters and
the well logging data to characterize the polygons (velocity, density, fracturing, anisotropy).

NOTE: If Log ischecked, then the acoustic logging curves will appear to the right of the
well, and the parameters for re-calculating these curves are set automatically. If the logging
curves do not appear, it is recommended to go to the dialogue box Log by clicking the
corresponding button Properties.

In the dialogue Log, please select the acoustic logging curves (DT or acoustic logging) from the list of
the curves for the model“s wells. For further filling-in of the polygon parameters from the logging data,
for the selected curves, please set Specification to Compressional Velocity or dT and
also Measure unit tousec/m in order to re- calculate the parameters of the polygons from the
curves™ values correctly.
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——1 1. Add logging curves

=)

to the wells

WelHogs

e
Add welkogs > 7]
Delete Well-log <

width (mm) [10

Log description
Met

Delete All'wel-logs <<
—— 2. Setthe type of the curve
and the measurement units

Autocalculation

Scale -

DT

Line style v Scale autocalculation

Specification | Compression Velocity or dT j Measurement unit |usec/m  «

Fram Ta Scale
] 452 (unit/mm)  Top  [7B74.02 ft
1o [452 [45.2 Bottorn |13333 ft
2 |o [0 o
3o [0 o
Scale type ,m

By default

Select Well to Display *Well-log Infarmatic |E;

3. Set the scale and the
lines for the curve

=

S

Then press OK and the Log dialogue box will close. As the result, inthe Wwell data dialogue, the
logging curves should appear near the wells. Press the Next > button to go to the next dialogue box

Add polygons.

In the dialogue box Add Polygons, from the drop-down list Create Polygons from

[ o |
Add Polygons @
len 0 2000 4000 8000 800
12 A J&-
0 ] =c= 0
L L
| _w == =11 | i
B SE
]
s
= 3 e
" qgagq4
Create Polygons from Layers s
[~ Create Polygons from Surfaces Load...
< Back | Finish | Cancel | Help |

Layers, the following options are available for the creation of polygons:
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o No —do not create the polygons automatically

o All layers —to create the polygons for all the layers which exist at least in one of
the selected wells. It means that, if the layer exists in any of the selected wells, it will be
used for the creation of polygons.

o For all wells — create polygons for the layers which exist in all the selected wells.
As a special case, if a layer is not present at least in one of the selected wells, it will not
be used for creation of polygons.

o Selected — select the layers manually from the list of the layers in the database.
Check Create Polygons from Horizon to create the polygons using the
previously loaded surfaces. In this dialogue box, users can load the surfaces by
clicking thebutton Load.

As a result, the model will be created in which the velocities (and/or) other parameters will be obtained
automatically from well logging data. However, as mentioned above, users need to load in advance the
databases: coordinates of the wells, coordinates of layers™ intersections and the logging curves (please
see the Section 17.5 for more details).

The parameters interpolated by logging data (thin-layering) are not shown in the polygons. The
interpolation is done automatically before the modeling job is launched. You may QC the quality of the
final model by using Model > Export to Seismic Format (SEG-Y, TGR menu item to
export the velocity model to a grid file.

~
tﬂfDatabaseWeIIslpa»TesseraIPro = |8 é
File Database Edit View Model Map Seismic 3D View Run Help
P oEE 2 ST HE e n BB QAR | mE
P = = . U =
AR B|SS % —F— — BN [ he sz zh BB e st BBl &
A B -
10000 15000 20000 10000 15000 20000
: m [ Form of the thin-layered grid
2 used for modeling 4
len 0 2000 4000 6000 8000 x |0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
‘12 ‘11 ‘6 Len [0 1000 ‘2000 ‘2000 ‘4000 '5000 ‘6000 ‘7000 ‘8000 ‘9000 ‘10000
7 0 AT
AH —RE At — A Ry
_U_Ir\ 433 L 1 ™o 452 ¢ 0 0

r = =+ =+ -+ 1 = —

Synthetic seismograms creating: STEP 1: Create Velocity Model > || STEP 2: Acquisition Geometry > ]l STEP 3: Run modeling > " Hide

For Help, press F1
L

NOTE: This grid file is not used in actual calculations. It is used only for QC/visualizing
the final model to be used in modeling.

In the Tesseral Pro, some special tools are implemented for creating and adjusting polygons whose
properties are derived from well data. Please see Section 3.2.9 for more details. By building polygons
from well data, thin-layer models are created.
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3.1.5 Creation of a simple flat layered model from LAS file

In this section, a simple method is described for creating a model from acoustic logging data and/or

density measurement data without loading the data in advance into database.

[2000 2500 4500

lep 0

600

5000

Acoustic logging (DT) curve

P

400
soo ]
600 |
70 ]
s00
900
1000
1100
1200 7|

1500
700 |
1800 |
1800 |
2000 7]
2100 |
2200 7]

To start this functionality, first click Model > Create Velocity Model

1300
1400 |
1500 |

(New Frame), then

in the dialogue box Create new Model click the button From ILAS-file

>. In the dialogue box LAS-file, select the LAS-file containing the velocity and/or density.

'.

LAS-file

SE)

Compression Velocity or dT
Density

Shear Velocity or dT

LAS file |C:\Sheldon\TestingOfTessemlPro\SonicOnly.Ias

Blevation

694.25598° m

LAS Top

s0

ﬂ |usfn'| 7

j |un'rts ?

Cancel |

j |un'rts ?

Help

In the dialogue box LAS-f11e, select the curve corresponding to the component of the model
Compressional Velocity or dT, Density, Shear Velocity or dT, and then select the units of measurement

for each component.
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It is also recommended to set the well altitude (E1evation) correctly. The directionality of log data is
not used for creating horizontally-layered models. However, it will not be enough to have only altitudes
for conventionally vertical wells.

In the next dialogue box Sect ion, specify the length and the models depth range:

P

A

Section Iﬁ
len 0 200 400 00 200
[1ooo] [1o00]
[z000] [zo00]
Depth

Length 1000 m Top 0 m

Bottom 3000 m

Cancel | Help |

Then specify the velocity for the basic polygon.

P

Base Polygon &]
len 0 200 400 800 200
1000 1000
2000 2000
Compressional velocity 2000 m/s
[ Vertical linear velocity gradient (V=A+Depth*B)
V= |0 +Depth ™ |0
< Back Next > Cancel Help
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In the last dialogue box Create polygons from LAS-file, specify the parameters which will
be used for building a thin-layered model. These parameters determine the number and the thickness of
the polygons created automatically from the LAS-file.

Clearance isthe maximally allowed velocity variation within a polygon.

Min. Sampling rate by Depth isthe minimum thickness of a polygon.

Create polygons from LAS-file @

Poao 2000 4000 5000 2000

Clearance 5 3: %
Min. Sampling rate by Depth 10 m

Preview: Create polygons |

< Back | Firish | Cancel | Help |

b

For models built from well data, the polygons are filled by the interpolated parameters from the wells. If

only LAS-file is used for model building, numerous thin polygons are created. To check the quality of
the specified parameters, press the button Create polygons. Feel free to play with the parameters
you do not like the results.
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3.1.6

Creation of a model from SPS-file

If you want to reproduce a field acquisition geometry while creating synthetic gathers and design the
model surface using the real altitudes of sources and receivers, it is recommended to use an SPS-file to

create the new model.

NOTE: The SPS-files may be also used only for reproducing the acquisition geometry in a
created model. Please see details in the Section 4.7.

To use this feature, click Model > Create Velocity Model (New Frame).

Then, in the dialogue box Create new Model pressthe button From SPS-file >.

Then in the dialogue box Load SPS files, select the files of sources, receivers and their acquisition

geometry.

Also, please note that SPS scripts of all types are supported, as well as SEG scripts, KML (KMZ), and
TXT file (with the following simple format: SrcX, SrcY, SrcZ, RcvX, RevY ,RevZ)

Load 5P5 files

S

sP5-file type m

[ Sources Filg
TXT

auto detection
SP5 1

SPs 2

SEG 5P

Ci\sers\stefan'DesktopTesserral Pro testing new version ML \test Shots. kmz

[ Receivers File. ..

Use Relation File

11 ]
I

lsers\Stefan'DesktopTesserral Pro testing new version\¥ML\test Receivers.kmz

D

Help

J |

Mext = ][ Cancel

After specifying and loading the correct SPS file type, click Next and in the dialogue box

Profile, specify the model profile:
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rPrcﬁIe ﬁﬂ

3.22e+0086 3.22528e+006  Usemouse
1 = to draw a

prfile

Zoom
map

' '
_________________________ .
' '

000519
ooosi

000019
oooo e

' '
_________________________ .
' '

000509
ooosog

3.22e+008 3.22528e+006

Xbeg. 614514 m Lenght 12000 m
Y beg. 3214512 m Azimuth [134.6 deg

Profile property display mode Lenght. Azimuth hd

< Back

=

et > Cancel | Help |

S

In the figure above, the red rectangles indicate the sources, and the blue dots indicate the receivers.
Please note that it is only possible to build 2D models in the Tesseral Pro, and so only the sources and
the receivers close to the selected profile will be included.

To select the profile coordinates more accurately, please use the button Zoom map.

In the next dialogue box Sources and receivers selection, specify the parameters used for
selecting the sources and receivers and binning the selected sources/receivers. This dialogue box is
needed for proper extraction of needed sources and receivers from the loaded 3D acquisition geometry.
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' |
Sources and receivers selection @

3.22e+006 3.22528e+0086

o o
- puty
h ' ' oh
of-"m s b el i =1
= ! ! =2
= =
(=] o
iy jur
=2 =]
=2 =]
=2 =]
o =
o o
o] =
h 1 1 ih
af-" s e Il 1Tl
= ' ' =
o =

3.22e+006 3.22528e+006

[v Sources and receivers selection

Exclude the sources/receivers away from the profile line Pl m
Align the selected source/receivers by bin 1 m
< Back Cancel | Help |

Then in the next dialogue box Sect ion, specify the depth range of the model and how to use the
altitudes of the sources and receivers saved in the SPS-files (the parameter Sources and
receivers elevation):

o set SPS elevations: the top of the basic polygon that is to be built by the
altitudes of sources and receivers.

. move under model top: the sources and the receivers are moved to the
models™ top

o ignore: the basic polygon of the model and the altitudes of the sources and the
receivers are assigned independently.
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[ Section @ )

len O 4000 s000
] o
2000 2000

Mode! depth
Top -700 m

Bottom 3000 m

Sources and receivers elevation

set SPS elevations j

< Back | Finish | Cancel | Help |

S

As in other model creation methods, users need to fill in the obtained model with polygons
(please see details in the Section 5).
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3.1.7 Creation of a model from PICTURE
This method is used for drawing model polygons manually from the underlying picture.

To use this option, click Model > Create Velocity Model (New Frame). In the dialogue box Create new
Model, press the button From Picture >.

Then in the next dialogue box, select the underlying picture in a BMP, JPEG, TIFF, GEO-TIFF, GEO-
JPEG format pictures with coordinates in TFW, JGW files, by clicking the button Property.

r 1
File 2o
len 0 200 400 800 200
400 400
800 800
Picture Property
Cancel | Help |

In the dialogue box Picture for Model, select the file of the picture and the area (part) of the
picture, which will be used as an underlying image in the Frame Model.

40
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F ™
i 7 Picture for Model [ ] B e

Picture file I C:'\Sheldon'TestingOfTesseralPro\FoothillsG 15.bmp |

Delete picture |
Use mouse to: Iselect work area j Lcell

Then in the next dialogue box Section, specify the depth range and the length of the

model.
F ™y
Section u
len 0 4000 £000 12000 16000

Depth————
Length I'I?DDD m Top I-'ISDD m
Bottom I-i-DDD m

< Back

Cancel | Hep |

After that, the Frame Model with the underlying picture will be created, as shown below.
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g B
ﬁ Untitled - TesseralPro E@g
File Database Edit Miew Model Map Seismic 30 View Run Help
IEEEIEEEEEIE R RS I/
Eﬂ“maselec‘w ;||‘;|_.‘_|‘§§]% %|%ﬁ|§é#§|§“|£'|i}£%‘
A -
len 0 2000 4000 6000 8000 10000 12000 14000 16000
— - L —— T T . - —
- T _’,1/ j\\ — \/-\.\_ - R T *\\\\ L _
S N ” Ty ——
-1000 T I |-1000;
- —_—— e 5 =
- a - Y — £ L J
A < T o o
i ] P — \ i “—1 — - T i
- - \ / o I —
0 o - = = L 0
T T ’,// L
1000 1000
2000 20004
» 3000 3000;
E -
I [
Synthetic seismograms creating: STEP 1: Create Velodty Model = || STEP 2; Acguisition Geometry > || STEP 3: Run modeling > || Hide | |
For Help, press F1 [ [ [ [ Y
L

This underlying picture cannot be used for modeling, but the polygons may be drawn manually by
following the visible boundaries, and then velocity and other parameters for the created polygons need

to be specified.

r B
1= FromPicture.tpa - TesseralPro E@g
File Database Edit View Model Map Seismic 3DView Run Help
P DFEDCES B n BB Q& Q| Bl
A% P =l 1 0 <a | w1 | S0 5| 68 4| . | 2D L |
A -
3800 4000 4200 4400 4600 4800 5000 5200 5400 5600 5800 6000
len 0 2000 4000 6000 8000 10000 12000 14000 16000
1 _N L
0 0
o
2000 2000
< [ ]
Synthetic seismograms creating: STEP 1: Create Velocity Model > || STEP 2: Acquisition Geometry > || STEP 3: Run modeling > || Hide | |
point: 72 x5 mm, 1 frames selected | | | A
b
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To ensure that the underlying pad image is always visible, the hand-created polygons are partially
transparent.
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3.1.8 Hybrid method for model creation

You may create a model by using a SPS file, surfaces, a gather for the velocity model and well data
simultaneously. At first, users need to create an initial model using any of the methods. Then choose the
model creation command Model > Create Velocity Model (New Frame) again. Youwill
be asked whether you would like to change the existing model or create a new one.

r 1
Create model @

' Press "Yes" to change the model;
Press "MNo" to add another model frame.

No | Cancel | !

Select Yes to use the other model creation method in order to change the model.
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3.1.9 Load model in other formats

Use the command Model > Create Velocity Model (New Frame), and then in the popup
dialogue box Create new Model, click the button Load model from other format
file.. .

The supported formats include TAM (model format from the Tesseral 2D package), WGC, GXII and
table text files. Surely, users can also load a model from another project (TPA format).
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3.1.10 3D Model building from Maps

Load all surfaces you want to use for 3D model building by going Map > Create Map (New
Frame) > Load TXT or GRD- surface files

For instructions on how to load or create surfaces from XYZ text files, please follow the instructions
from Section 14

Select the surfaces you want to use as horizons:

1= Open Li_E-J
Lockin: |, 3D - @&
I Mame Date modified Type
e [ UCCAT(2) Jocal.grd 06/09/2011 8:57 PM  GRD File
RecentPlaces | ™ pf) kpT(3)-local.grd 04/08/2010 9:44 AM  GRD File
! || DWABAM4)-local.grd 04/08/2010 9:44 AM  GRD File
|| PRECAMB(L)-local.grd 04/08/2010 9:44 AM  GROD File
Desktop
LiEraries
pro
A
Computer
h 1| m | 3
Metwork
File name: "CCAT(2) Jocal ard” "DELKPT(3Hocal ard” "D v
Files of type: | Grid format Surfer GRD *| | Cancel |
[ Discrete values

The topmost surface is shown here:
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15 Untied - Tessanaibre

£ Datadase Ede  Yoew Model Mgp Sewmic 30 Veew fun  Help

VosEnC LSRN EEE L BEARAR™ - [HE/
»x NRE SE+ ks

PRECAMBITHocal grd

‘ot 20519 mm, Top e sae: 481x5 men

You can manage and view all surfaces individually by going Map > Manage/Delete surfaces.

Next, it is advisable to order Order Horizons by Depth.

Manage maps

CCAT(2)_local.ard
DELKPT(3)ocal.ard

PRECAMB(1)docal.grd

Properties ] [ 3D-Model Properties ]

Delete Map

I [ Order Horizons by Depth ] [ Display {OK) ] [ Cancel ]

Once all surfaces have been loaded, values must be introduced for all layers created by these surfaces. In

order to do that, a 2D cross-section needs to be generated first. This is done by accessing Map >

Section Mode and drawing the profile on the surface, by pressing- dragging-releasing the left mouse

button.
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15 Untitied - TessenalPro T —
Eile Database Edit View Model Map Seismic 3DView Run Help

DR 2T LHAO HEE 4R BB ARQY ™ - [ e
» % N B ew &=

- = @REHE

AR ownE=o

ST 1: Grete Velsoty ode > | [[ST5 b Geomety > | ST 5 Rum modeion > | [ e

point: 28937 mm, Top tite sz 481 x5 mm

In order to see the cross section you need to bring down the (encircled) lower header:

15 Untitied - TesseralPro

file Datsbese fdt View Model Mgp Seismic 3DView Run Help

PoEE2C ERAD BHEE 4% BB QRAQAH ™ - e
»x |NQH O ek S8

P

Lo | 63 il

=
8| >

s o @ REHE

nn

Synthenc sesmograns reating: STEP Li Create velodity Model > )| [ STEP 2: Acausiton Geometry > | [_STEP 3: Run modelna > Hde

This is done by left clicking on the lower header and then dragging it down with the left mouse button.
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A two-dimensional section will appear in the stretched field:

15 Untitied - TesseralPro |2 G S
file Dotsbase Edit Yiew Model Mgp Sewmic 3D View Bun Help
) D2 ENAD | FH 4w BFRAQRAQLR ™ bl I
»x |INAR EE S 20558
FBP A
= z = 1
5 ’S 50 4 ] 103200 3 i 70 3160 3150 340 310 310 310 3100 300 000 3070 3060 350 303030303020 300 3000 7590 !
=8 g ; 5 ; : . ccmzl)_lm g:é : " : . :
8 ¥ g
st ) f
g =
x i
| —— i
b 3’
8 8
= 200 400 600 800 100 1200 1400 1600 1800 2000 2200 2400 2600 2600 3000 3200 3400 3600 3800 4000 4200 4400 4600 4800 5000
Syntheti setsmograms creatng: | _STED L: Create veloaty Model > | [_STEP 2 Acausiton Geomesy > | [ STEP 3: Run modsing > | e |

point: 252x5 man, 1 frames selected

To assign a value (i.e. compressional velocity, shear velocity, density etc.) to a particular layer click on
Map > Manage/Delete Maps > 3D-model Properties.

3D-Model Properties '_‘ g

Filling cells UP CCAf(zj_local.grd X vl top v
VALUE 2000
Get values from map [ - not used - v]

Use well log values

| FilingEmptySels (asdefauit) | [ ok | [ cancel

= e — 4

Depending on whether you want to fill the upper part or the lower part of the surface, you specify
Surface type bottom,or Surface type top respectively.

Repeat this step for all loaded surfaces. Once completed, void (i.e. unfilled) space will

remain in the map frame, since all surfaces can be either Type: top or Type: bottom and not
both.
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18 Unstied - TesseniPro 2|6
fle Quubase fdt Yiew Model Mgp Sesmic 30View Bun Hep

) DEELC ESHI PR T L AR QAR - - e

»x |NQE EE S EEr S8

Synibetic sesmsgns cesteg: [ ST LS. 5 )| (5 5 anmoene> || [ |

pont: 2016 mm, 1hrames seected

Finally to create a 3D SEG-Y filego Run > Map Frame > Create 3D SEG-Y..

Create 3D Seg-Y Model - [

Dutput seg-y file 3Dcube.sgy E]
Grid parameters
Min Max Step Size
K 40 3950 10 392
¥ 40 4510 10 448
Z 0 3380 10 339
| Set™Min"and "Max" from Map Frame

Filling Empty Cells (as default)

Filling empty cells from upper cells
Base valus &000

Lse base seismogram

-notused - - E

L] Value range

Min 100 Max 10000

Specify the X, Y, Z dimensions you want for your 3D model, the grid sampling, as well as the
Filling cells value with which you want to fill the remaining blank layer(s). Also, specify
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the pathway and name of the Output seg-y file, with.sgy extension.

If you want to fill the remaining blank layer(s) from a base seismogram (i.e. from 3D SGY cube), then
load it inthe Use base seismogram.

155 Cyindertpa - TesseraPro -y
file Dotabase Edit Yiew Model Mgp Seismic 3DView Bun Help

PDeE 2RI HE 2w R QRAQAQR ™ - [ | we

A X |agen) 528 L ouoll B[S : LR e iR & + 9% -

sBcC

-1

<2
WSS

[s= > )| s > )| (575 5 Run modeina > | Hie

point: 2% x15 mm, Frame size 481 x 234 mm

Also, it is possible to fill multiple layers from different base seismograms. In this case these base
seismograms are loaded for each surface individually, inthe Map > Manage/ Delete Maps >

3D-model Properties>Filling Empty cells(as default)>Use base
seismogram.
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F |
3D-Model Properties “ e |

Filling cells UP DELKPT(3)Hocal.ard top
VALLE 3000
Get values from map -not used - -

Use well log values

Filling Empty Cells (as default)

[] Filing empty cellz from upper cells
Base value ]

|Jse base seismogram

C:\Users\Stefan\Desktop\DUPLEX_VELOCITY MODEL r¢ w

Lise well log values (for all horizons)

Ok ] [ Cancel

Important note: If a single or several base seismograms were used for building a 3D cube, then the
user will notice that after clicking OK inthe Run > Map Frame > Create 3D SEG-Y, the
generated 3D SGY cube will NOT contain the assigned base seismogram.

Instead, the 3D seismogram will appear in the map frame for the assigned surface. Below you

can see the layer extracted from the 3D base cube appearing in the map frame after the generation of the
SGY cube:
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5 ntited -TessentPo 0 M0 YT A - N - - ~ - a¥ 1Y S—
File Database [Edt View Modd Map Seismic 3DView Run Help

DR IR L EPE R . 1

»x NaEEE+Eex 28 1

2700 2680 2650

=80 - - DWAl;AH(JHoml 3
X od

1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 4000 4200 4400 4600 4800 5000 5200 5400 5600 5800

<« e
Synthetic sssmograms ceating: [ STEP 1: Greate Veloaty Model > || [ STEP 2: Acauisibon Geometry > ]| (L STEP.3: Runmodeing > Fide

point: 34660 mm, Bottom title size: 481 x172 mm

Once you repeat Run > Map Frame > Create 3D SEG-Y the second time, the correct cube
will be generated. So you can always use the map frame as QC, before generating the cube.
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3.1.11 Introducing vertical gradients in 3D cubes

In addition, the user can also introduce horizontal and vertical gradients to any surfaces. To introduce a
vertical gradient assign Map type: TopandMap type: bottom for the upper and lower
surfaces respectively, which make up the layer where the gradient is supposed to be introduced. This is

doneinMap > Manage/Delete Maps > Properties

7

Map properties

Name  DWABAM(4)-ocal.ard v

Value interval

Min (depth) 2359,58509048¢

Max (depth)  2709.72322482

Clipping U
Gain (%)
0 U

ok 1 | cancel |

Once Map type has been defined, assign the gradient value for both: the upper and lower surface (i.e.
tothe Map type: topandMap type: bottom),inthe Map > Manage/ Delete Maps >

Properties, Wwhich thiswill produce the vertical gradient.
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3.1.12 Introducing horizontal gradients in 3D cubes

A horizontal gradient can only be introduced from surfaces. Such surfaces can be easily created by
introducing the X Y V coordinates in a text file (having the .xyz extension). These velocity surfaces are
loaded like any other regular surfaces File> Load Map file and should be assigned Map
type: Parameter inthe Map > Manage/Delete Maps > Properties.

-
Map properties

Name VParameber surface.xyz
Map type parameter v
Value interval

Min (depth) 798.801

Max (depth) 6586.9

Clipping [J ?
Gain (%) §
0 0

Afterwards, the horizontal gradient (or the velocity surface) can be assigned to the appropriate surface in
the Map > Manage/ Delete Maps > 3D-model Properties > > Get value from

map ..
- -
3D-Model Properties m
Filling cells UP | Grid L.grd
VALUE 2000|

Get values from map [Parameter surface.xyz

|| Use well log values

| Filing Empty Sells (as default) | |

Please note that a VALUE must be introduced as well, in case there are any “holes” in the velocity map in places

of faulting, wedging or other complex geologic features. If there are no holes in the velocity map, then the
specified VALUE will be ignored.
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3.1.13 Introducing cylindrical bodies and tetrahedrons in 3D SGY cubes

The user can also introduce cylinders and tetrahedrons in any given 3D SGY cube. To introduce a
cylinder, first of all load the SGY cube in the seismic frame File> Load Seismic file

$E8 Cylinder.ps - TessersiPro = | @
fle Database Edt View Mode Map Sesmic 3DView Ron Help
PoEE2C ST B %% AR QAR - |[FERE | e
»x B =5Es | N [k o E 4 e i TR E AP (T
w8 C A
O T s
w BN
w5
@80
14000 4000
£ | =t0y=40
- 100 200 300 400 %00 600 To0 %00 %00 1000 1100 1300 1300 1400 1500 1600 1700 1800 1800 2000 3100 3300 3300 3400 9800 2600 3700 3800 3900 3000 3900 3300 3300 3400 3900 3600 3700 3800 3900
ten [0 100 300 ‘0 'e00 ‘200 ;00 ‘700 800 'S0 1090 1100 '1200 1300 ‘1400 ‘1200 9000 1700 1900 ‘1500 ‘2000 ‘2100 ‘2200 '2300 ‘2400 '200 2000 '2700 ‘2800 2900 '3000 ‘300 ‘3200 ‘3300 ‘3400 3200 3000 3700 3600 3900
::_MW_ 400_
] ¥
=3
f1700 200
"_1500 (76001
£ P
|

Synthetc sasmograms crestng: | STEP 1 Create Veloaty Madel > || (_STEP 2: Acousiton Geometry > | [_STEP 3t Run modeing > e

pont: 134 x123 mm, 1 trames seiected

The cube in 3D (optional view):

5 Cyindertoa - Teserabro oy ey - ” . . o O
file Databsse fdt Yiew Model Mgp Sesmic IDView Bun Help
QR - (W

PR 2 =R B 2w
A X |agey 5216 5 oo @& i L e o + A%

sBC I =
"é‘“
«oan |

wsh 3
=8

"
s |5
I

Syrthens sesmograns aesteg: [ STEP & Creae Velooty todel > > = > [ nee |
point: 25 x 15 mm, Frame size: 481 x 234 mm

Then click Run> Velocity Model Insert cylinder in Model Cube

Specify the extension of the cylinder across X, Y and Z axes, as well as its Radius and
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Internal value. Insert cylinder upon completion.

[ Cyiinder [

Input Model File : C:\Users\Stefan\Desktop)3D modeling\DUPLEX_VELOCITY_MODI j

Axis of symmetry ;
from ¥ = 2000 ¥ = 50 7= 2200
toX = 2000 ¥ = 4000 7= 2200

Radius of Cylinder . = 1000

Internal value (velodty) v = 6000

Output Model File :  C:Wsers\stefan'Desktop'3D modeling\DUPLEX_VELOCITY_MODI :]

[Insertcﬁinder] [ Cancel ]

8 Cytnderspa - Tesseralpro T - ____TaS . lo|6 e

fle Dwabwe Edt View Model Map Sesmc J0Vew Eun Hep

Po@E 2 ST B R A QARG - [ | e

r x| EEER ) ) YK ke 2| 5 4 EEE - TSP S

[¢@c x

FEAN

s N

+Bs

«@0
4000 4000

x=40,y=40
T = TR TR T e e e e R
73 100 00 ‘300 ‘500 e 00 500 1200 500 1600 1700 1800 1800 2400 ‘2800 2800 2900 3000 3200 ‘3300 3400 '3500 ‘3000 3300 3800
400 400
VMG MO‘
1200 1200
JSBG 1600
_2000 »200[1
7400 {7400}
2800 E 007
ST )| s > | [ ree
point 6318 mm, 1 frames seected

Please bear in mind that X scale # Z scale in the figure above.

To introduce a tetrahedron, likewise load the SGY cube in the seismic frame File> Load Seismic

file, then Run> Insert Tetrahedron in Model Cube. Now you will specify the
coordinates of the 4 vertices, as well asthe Internal wvalue of this tetrahedron.
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il '1
Tetrahedron u

Input Mode! File : C:\Users\Stefan\Desktop)3D modelingJob3D-01\DUPLEX_VELOCITY j
Vertices of tetrahedron

Vertex 1: % = 2000 ¥ = 2000 Z= 100

Vertex 2: % = 2000 ¥ = 3900 Z= 24900
Vertex 3: % = 400 ¥ = 100 Z= 2400
Vertex 4: % = 3600 Y= 100 Z= 2400

Internal value (velodty) v = 6000

Output Model File : C:\Users\Stefan\Desktop |30 mndelingUnbﬂ]—ﬂ1‘|,DUPLEX_'I.|'E.DC1TY_E]

[I.nserttetrahedron] | Cancel |

Ty =
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3.1.14 3D model building from well data

In order to build a 3D model from interpolated mapping of well logs, the user first needs to select the
desired oil field from the Database (in the left window of Tesseral Pro). This is done by right clicking
the field name and selecting Select field for the project.

£ Untited - TesseraPro = |6 e

Ede Database Edit View Model Map Seismic 3DView Bun Hel

.
)o@ 20 ESP0 BHEE %% BB QAR o - (M e

x B c

Synthetic seismograms aeatng: [ STED 1: Greate veloaty Model > || [ STEP 2: Acausiton Geometry > | [ STEP 3: Run modeina > | Hoe

peint: 25 x 12 mm, 0 frames selected

Afterwards, the user needs to create a map with all the wells by clicking Map > Create Map (New

Frame) >Show database WELLS.

61
© Tesseral Technologies -User Documentation-



8 Uniited -

B Dibwe E6t View Model Map Sesmic 30Vew Bon Hep

PowE oo ESAD BB Y L ABRRRR ™

Tessersro

»x NQEHOBEEEr &%

- || e

TBP

2
%

e
463 Model

ct (Seve to creste workspace)

+ files Y
© Database (TesseraiPro.mdb)
w6 x

& Gorobeivskoje (ft)
+0 10m0
© 01w
© 200
€ 6K
O BAK
# 0 A0

e

L Xl

e

e

1,

5| (STEP 3 R modeina > e

point: 261 x10 mm,

Top title sz 414 x5 mm

The resulting blank map will contain all wells from the chosen oil field.

Next,go Map > Calculation of horizon from well Tops and select the stratigraphic

layers that need to mapped.

-

Add new surfaces

=

Select strata
Layer name Cre... Wells Top/Bottom Strata name -
[ c1{v1+t) : Bottom 5 Bottom Cillw1+t)
C1is1: Bottom & Bottom Cis1 -
C1s2 : Bottom & Bottom Cis2
C1v2 : Bottom g Bottom Civ2
©2b : Bottom g Bottom czh
C2m : Bottom 5 Bottom C2m
[ D3 : Bottom 3 Eottom D3
[] D3fm : Bottom 4 Bottom D3fm i
T| 1] [ t
Automatic select layers | Only by all wells T] [ Ok ] [ Cancel ]

e

Automatic select layers provides various selection criteria for choosing these layers. For

example: Only by all wells automatically selects only the layers that are common to all wells in
the project.

Once the layers have been selected the user will have to specify the interpolation method to be used in

the Choose mapping method window( see Section 14.2.4)
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-

Choose mapping method

S

Method [ESpIine-apprDHimatinn v]

oK |

Analog [[u:lu:u not use] v]

[ Cancel ]

Beyond this point the generated stratigraphic surfaces can be examined in Map > Manage/Delete
Sufaces. Draw a profile line on the map using the right mouse button (press-drag-release).

| | 6 e

18 Untitied - TesseraiPro
£l Database fdt  View Model Map Seismic 30View Bun Help

PosE2C ESPIHBE % EBQARAQAR = - |[FE e

Ax [ NaEH DB 40k &8

[ Project (Save to creste workspace)

g 500 B50 W00 3750 3700

B Seismic files
@ Database (TesseratPro.mdb)

Ti(dn) - Bottom

8 € General (m)

40 11K
06 1200

56 60
7 0 BAK)

50 9 (A0

10000 11000 12000 13000 14000 15000 16000 17000 18000

[STE 2 Acoumbon Geomeiry > | [ STEP 3 Run modeing > | (|
Top titlesize: 431 x5 mm

w
Synthetc sesmograms restng: | STEP L Create Veloaty Model > |

point: 406 x7 mm,

Followed by assigning values to the void layer

s created by the stratigraphic surfaces in the Map >

Manage/ Delete Surfaces > 3D-model Properties.

3D-Model Properties

v Hbottom v

Filing cells UP ; T1(dr) : Bottom
VALUE 2000
Get values from map

[-notused- v

[ |Use well log values

| Filing Empty Cells (as default) |

-

[0K][Can°dJll

From this point on, the user should follow the instructions from Section 3.1.10 (i.e. starting with
drawing a cross section across the surfaces) first using Map>Section Mode.
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3.1.15 Building athin layered 3D model

In order to build a 3D thin layered model from well data, the user will first need to create surfaces from
the stratigraphic data in the Database wells and this procedure was explained in Section 3.1.14

For instructions on how to import log data, as well as stratigraphic and inclinometry data, please follow
the instructions from Section 17.5

15 Untitled - TesseralPro [

Fle Daabsse Edt View Modd Mz Sesmic 3DView Run Help _ —
PosE2C eSS0 BHEE L ERQRQR ™ - [ e

s x NaH=2@ 4 &k 28

5B Project (Save to creste works; 5
&5 Model
=P Mep
555 Seismic files T T
-0 Database (TesseralPro.mdb) “1{dn - Bottom
-6 General (m) y
=8 Gorobcivskoje (ft)
=6 10040
56 14K X
=0 RAK
=6 600 : . : : &
=0 8(AK “
=0 90 : .
g
a
8
8|
1000 2000 3000 4000 5000 5000 7000 3000 9000 10000 11000 12000 3000 14000 15000 16000 17000 18000 19000 20000
(™) » e -
Synthetic sssmograms creating: (L STEP 1: Greate Veloaty Model > || (LSTE2 2 Acausibon Geometry > | (STER 3: Runmodeing > [ o

point: 246 x12 mm, Bottom title size: 442 x99 mm.

Once all surfaces have been generated, the user will have to choose the well log data used for thin-
layering by accessing Map> Load Well Logs

i,
Select Well Logs S|

wiell | <l wWells> -

A ]

DK
GE.
Gkp
GZ
MHGE,
MGEp
PS
Pz

I (] I [ Cancel ]

If you have not drawn a profile over your map frame already, please do so by going
Map>Section Mode and draw the profile using the left mouse button.
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Once the log data has been selected, the user will have to select the wells, which are to be used for 3D
thin layered model building. In order to select a well, right click on it in the map frame and select Add

well to profile. Repeat this for all desired wells.

Now, all your logs should appear in the cross section of the map frame:

L= | @ e

45 United - TessersPro
Eile  Database Edt View Model Map Seismic  30View Bun  Help

P osE(2C ESAIHRE 4 BBQARQAR = - || e
»x NaRE OB ex &8

5 B Project (Seve to creste work
coo o Tid):Batom
0 00 ) o 050 000 550 500 5550 500 0 0

Ti(dn) - Battom

¥ ™ 5
Symhetc smamograms creatog: [ STE 1 reae VelootyModel > (ST 3 Acaumon Geaneiry > | [_STE5 5 Runmodeing > wee |

Top title sze: 444 x5 mm

point: 104 x7 mim,

The thin layering for the surfaces covered by the log data is assigned, as previously, in the Map >
Manage/Delete Maps > 3D-model Properties tabbychecking Use well log

Values.
- _
3D-Model Properties » g
Filling cells UP rClsli Bottom i“ bottom |
VALUE 0
|
Get values from map [ - not used - v]
[V]iJse welllog values;
| FilingEmpty Sels (asdefault) | [ ok | [ cancel |
—— — —— =

If you would like to fill in the all the surfaces from log data checkmark Map > Manage/ Delete
Maps > 3D-model Properties> Filling Empty Cells(as default)>Use well

log values (for all horizons).
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3D-Model Properties - i S|

Filling cells UP C1s1 : Bottom battom
WALLIE lu]
Get values from map [ -not used - "]

Use well log values

Filling Empty Sells (as default)

[T Filling of empty =ellz from the upper cells

Basze value [u]
Use base seismogram
-not used - - E]

[ use well log values (for all horizons):

Once all surfaces have been filled select Run > Map Frame > Create 3D SEG-Y.
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Create 3D Seg-Y Model [

Cutput seg-y file C:Wsers\stefan\DesktopTesserral Pro testing new version',30 Model E]

Grid parameters

Mir Max Step Size
X 5600 22350 25 691
] ¥ 7825 21375 25 543
Fi 0 170350 25 083

[ Set "Min" and "Max" from Map Frame

Filing Empty Sells (as default)
[ Filing of empty sells from the upper cells 4
Base value 2000

|se base seismogram

L - not used - - E]

Value range

Min 100 Max 10000

K ] [ Cancel

Specify the X, Y, Z dimensions you want for your 3D model, the grid sampling, aswell asthe Fi11ing
cells value with which you want to fill the remaining blank layer(s).

If you want to fill the remaining blank layer(s) from a base seismogram (i.e. from 3D
SGY cube), then load it in the Use base seismogram.

Here, you can also introduce limitations to the min. and max. values for the thin layering in the value
Range.

Finally, after clicking OK a thin layered cube from log data will be generated.
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i
Sibetcsesmazans ey (ST : Gete Vot Hade > | (ST % Acosion Geoney > | [ 579 unmodio> |
‘point: 241 x7 mm, Top titesize: 481 x5 mm
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3.1.16 Building 3D model with complex faults using 3D View frame

To create from scratch or edit a 3D model use 3D View > 3D Model Edit Mode. Ifthe model is
created from scratch, the dialog Create 3D Model is appeared. Specify there coordinates of the
model cube boundaries and the background compressional velocity. The program proposes immediately
to create a Mode1 frame directly related to the 3D model and shows the dialog Model Properties.
(The Model frame is used to edit the model vertical sections.) In most cases it is enough to press OK.
The default model consists of just four vertical sections corresponded to the cube boundaries of min and
max X, min and max Y. To select one of the sections for editing in the Model frame drag the dashed
section boundary along Y by mouse in the 3D view frame. The section nearest to the boundary at left
mouse button release is selected. An alternative is to use the keyboard key combinations CTRL+7 or
CTRL+| within either the 3D View or the Model frame.

200 400 600 800
200 400 600 800

Drag one of the dashed
section boundaries to select
either X or Y position for a
section to be shown in the

related Model frame

L1 1 |

e

500

VB )
I A T )

Y 0 200 400 600 00
len 0 200 400 600 800

/

L L
11 I |
¥
L1 1 1

YZ Section
® 0:0

¢ 1:1000
MeEs Rays

500 500

1 T 1
| T |
L

L1 1 |

An active (selected) slice of the model cube which is shown in the Model frame can be edited similarly
to 2D models. The main difference is the requirement for any created polygon to be of type “top”.
(Other types are disabled.). The program keeps an equal number of polyline vertices in each the polygon
top boundary. It is supported by automatic inserting of insufficient vertices. Similarly, any polygon
created in the active section will be similarly created in other sections with interpolation between the
nearest upper and down polygons. Similarly, deletion of either
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single vertex or a whole polygon is repeated in all other vertical sections of the model. But drugging a
polygon vertex does not affect vertices of other correspondent polygons in other sections. This is the
method of drawing complex enough 3D structures.

Consider editing a 3D model using the next example of a trapezoidal prism.

R e R R R e S e e S S e e e e S S S S N

e Model
=M@ Horizons
: .4 e dome
: .[“] ® bottom
F;\ XZ Section
| ® 0:0
..[~] @ 1:300

The vertex (800, 400, -200)

-~ @ 3:600
-] ® 4:700
- L[] e 5:1000
E\-- YZ Section
M e0no
.[~7] @ 1:100
[ & 2:200
[~] e 3:800
[ ® 4:900

De

2000 2500 3000 3500 4000 450 3400 3500 4000 4500 500

X 0 200 400 600 8 Y 0 200 400 600 800
| len O 200 400 600 0 The intersection line 200 400 600 800
; of the current XZ
/ \ and YZ slices 4

500 800 |} 800 800

Moving a vertex in one of the Mode1 frames causes it to move in the associated Model frame if the
vertex belongs to the intersection line of the current sections XZ and YZ.

The vertex also moves in the 3D View frame. The vertex can also be moved using the Edit node
command of the vertex context menu in the Mode1 frame. It allows entering the exact value at the
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point. Moving the vertex in the XZ section does not affect the Y-coordinate, just as moving in the YZ
section does not change the X-coordinate of the vertex. You can also move the entire section along one
of the coordinate axes OX or QY. To do this, drag-n-drop the dashed selection box while holding CTRL.
Dragging the first and the last sections leads to a change in the boundaries of the model! (In the example
the boundaries are sections of numbers 0 and 5.) The section can also be moved by the Move command
of the selected frame context menu, which is accessible by clicking the right mouse button.

5.z Model A NS 1

- ® doma 'rf Edit Polygon... 400 Move
i e b Delete ;f" Deselection Polygon l , Insert
= E:'f/ X.Z %t Properties f:" Dl e Delete
S | 54 XEE(IIOﬁU '; Edit node \ % 4 ‘
§ ® 0:0 ;‘E
: e 1:300 L Create Polygon 1 “
: ¢ 2400 ,:"’ Edit Frame Properties... l
/] @ 3:6 Delete J / — — — \
.M @ 4700 L\ N

a) b) | c)
For a better understanding of the model grid geometry, hatching is used. Besides, you can hide/show
mesh cells (using the checkbox show Mesh). These options can be configured using the 3D View>

3D Model Properties menu command or the Properties command of the Object Tree
context menu:

Model Properties X ‘
XZ Hatch YZ Hatch
N A N A N A N A
down down down down
7/ 7 7 o
up up up up
blank blank blank blank
. e Model o s | o
= Delete dots. dots dots. dots.
v v v v
Properties
— [ show Mesh [ Hatching Hatch Color | [N ~
=M XZ Section
- ] Cancl

There are visual options for better understanding the model grid geometry: grid lines and hatching,
transparency. They are selected in Model > Wells & Polygons > Polygon Fill Options:
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Well-log based polygen fill setting >
A paene
Hatching
Top and bottom paint connection Cancel

Uncheck “Palette” here for transparency of the polygons.

A model layer is compound by plain bounded octagonal grid cells created by the corresponded (with the
same number) polygons of different sections. The correspondence is expressed via the same polygon ID.
The 3D model layer properties are specified in the related Mode1 frame as the correspondent polygon
properties. The properties dialog is also available via the Properties command in the context menu

of the Object Tree.

To insert a new horizon into a 3D model, create a new polygon of the "top™ type in one of the linked

Model frames in the usual way. To delete a horizon, select the polygon corresponding to its top in the

linked Mode1 frame and delete it. Or use the Delete command in the horizon context menu in the

Object Tree. The menu commands and controls of the Mode1 frame toolbar are used in the same way as

for 2D models. 3D model editing commands can be undone/repeated using the standard Undo/Redo

commands.
Al X |I<Createnew> V|+"-_,§ |'ﬂ]| | |
A
“New polygon” button .
| N
len 0 1000 2000 3000 4000 5000

72\
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ke000 5500 6000 6500 7000 7500
: : : : Position of the 3D model new section

len 0 1000 2000 3000 4000 5000
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4000

' SRR R A aAad S
1 .
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To insert new vertical section in the model use the dashed section boundary context menu called by right
mouse button click. Select the context menu command Insert 3D Model Section.New section
is inserted just in the section boundary position along Y: no “regularization” of the section set is done.
So be careful. To delete a vertical section, select it either by mouse or by the keyboard key combinations
CTRL+1 or CTRL+] in the 3D View frame. Select the context menu command Delete 3D Model
Section. To shift the selected vertical section along either X or Y axis press CTRL and drag the
dashed section boundary.

In order to see the model horizons in the 3D View frame, disable the editing mode (the menu
command 3D View > 3D Model Edit Mode) and thus, activate the view mode. In the editing
mode, only active (editable) sections are displayed, while in the view mode, all the vertical sections and
horizons marked with checkmarks in the Object Tree are displayed. The checkboxes at the vertices of
the Horizons, X% Section and YZ Section Object Tree allow you to hide / show all the
horizons, XZ sections or YZ sections, respectively, in both modes. Using the checkmark at the Mode 1
node, you can also hide / show the entire model.
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3D Model can be also initiated from the horizon maps stored in Map frame of the project. To do it call
the menu command 3D View > Create 3D Model from Maps and specify parameters in the appeared
dialog. The list of horizon maps is editable: the maps deleted from the list by the below button are
excluded from the 3D model but left untouched in the Map frame. Min and Max parameters of the
dialog specify the model boundaries. There is a button to automatically fit the values by the list of
horizon maps. Additional parameters Step and Size specify the model grid sampling.

3D Model from Herizon Maps >

Harizon maps:

C2m : Bottom
C2b : Bottom

C1s2 : Bottom
Cls1: Bottom
C1lv2 : Bottom

Horizon maps
from Map frame

Remove selected maps from the list

Grid parameters .
Grid size

Set "Min® and "Max" from the map list
Size /

3D model cube

Min Max Step

x\d | 5585.6298| | 22859.251|| | 719.73425| | |25 |

¥ ||7808.3994| |21391.078|| |se5.94486 | |25 |

z |(|ao00 | |[17259.831

Cancel

2500 3000 3500 4000 3500

4000 8000 12000 16000

Ready model is stored as a regular grid in SEG-Y cube format by the menu command 3D View > Export
3D Model to SEG-Y. The resulting seismic cube can then be used to build a new 3D model. Such way,
objects of complex shape can be inserted into a horizontally layered model. For example, so an
additional horizon can be inserted above the trapezoidal prism in the considered model. Then one can
specify its velocities, density and other properties using the previously exported SEG-Y cube as the
background. This is done as usually in the polygon (horizon) properties dialog (see chapter 3.2.5).
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Another command 3D View > Export 3D Model

to Text Files exports separate

model horizons in a text grid format.
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3.2 Polygon creation and editing

After an empty model (Model Frame) is created, it has to be filled with geological objects of various
rock physical properties. In the Tesseral Pro, polygons are used to represent geological objects. In model
building, a polygon is characterized by a set of parameters, such as compressional- and shear-wave
velocity, density, anisotropic parameters and fracturing. In such manner, any area of the model can be
filled with polygons with determined properties.

During the setup of the modeling job (synthetic gathers calculation), a grid with the given step along the
section direction and depth direction is created from the polygonal model. The parameters for each node
of this grid are obtained from the polygon in which the node is located. If the location of a node is
overlapped by several polygons, then its parameters are obtained from the upper-most polygon.
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3.2.1 Create a polygon manually

Please select the menu Model using the mouse, and then select the command New Polygon.

-
Mew Polygon

S5E)

Palpgon Mame I‘I j

Polygon Type Border

top&battann LI ‘ [~ Smoothing border

S

The polygon type to be

created

Cancel |

U

In the dialogue box New Polygon, please select or specify the polygon name (Polygon Name), and
select the type of polygon to be created (Polygon Type). The following polygon types are supported:

r
L= 3.tpa - TesseralPro

[ESHEE )

File Database Edit View Model Map Seismic 3D View Run Help
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[ H H : H ;

2150

Polygon Type — top&bottom

Top of the polygon
len 0 100 200 300 400 500

900

2201

Bottom of the polygon

-

<

Synthetic seismograms creating: STEP 1: Create Velocity Model > || STEP 2: Acquisition Geometry > || STEP 3: Run modeling > ||

Hide | ‘

For Help, press F1 \ \
L

o Polygon Type: top&bottom — the user needs to draw the top and bottom of
the polygon. The right and left sides will match to the corresponding boundaries of

background model (base polygon).
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o Polygon Type: top — the user needs to draw only the top of the polygon. And
then the other 3 boundaries will match the corresponding boundaries of
background model (base polygon) automatically.

r N
£ 3tpa - TesseralPro (E=Rl=l ™

File Databsse [Edit View Model Map Seismic 3D View Run Help
PoEE 2 SO e 4w BB aQaalfo Sl
A% , S| x| = =60 g = 2 20 ]

A

1500 1850 1900 1950 2000 2050 2100 2150 2201

Polygon Type —to
yoon v P 300 400 500 Top of the polygon 900
1 v ;
_200 200
300 00
600 The bottom always 500

matches to the lower
boundary of the model

| I

Synthetic seismagrams creating: STEP 1: Create Velocty Model > || STEP 2: Acquisition Geometry > || STEP 3: Run modsiing > || Hide | ‘

| Lpoint: 576 mm, 1 frames selected | [ [ 4

e Polygon Type: bottom — the user needs to draw only the bottom of the
polygon. And then the other 3 boundaries will match the corresponding boundaries
of background model (base polygon) automatically. Please note, if the top of the
background model is located above the zero depth, the top of polygon will be set
to the level of zero-depth.
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Polygon Type — bottom
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Synthetic seismograms creating:

For Help, press F1

STEP 1: Create Velodty Model > STEP 2: Acquisition Geometry > | STEP 3: Run modeling >

e Polygon Type: closed loop
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L
< |
Synthetic seismograms areating: STEP 1: Create Velocity Model > STEP 2: Acquisition Geometry > STEP 3 Run modeling > Hide: I ‘
point: 87 x 5 mm, 1 frames selected [ [ 4

e Polygon Type: line

(m or ft)

dialogue box New Polygon when this type of polygon is selected.
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Polygon with thickness of 50 meters

4

Synthetic seismograms creating:

STEF 1: Create Velocity Model » H STEP 2; Acquisition Geometry > H STEP 3: Run modeling > || Hide

point: 224 x 5 mm, 1 frames selected

Once the polygon has been created please right-click the mouse or double click the left mouse button

(must be done within the Model Frame). Then, a new extended dialogue box will appear for users to
edit the polygon™s properties. After exiting from the dialogue box Polygon Properties, USers can

add more nodes to the boundaries of the created polygon by clicking the mouse on its boundary.
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3.2.2 Change polygon’s shape

Users can select a polygon either using the mouse or from the list of all polygons in the toolbar. The
boundaries of the selected polygon are shown in green color. If you want to add a node to a polygon
boundary, press the left mouse button on the boundary of the polygon. If you want to remove an existing
node, click it with the right mouse button. If you want to move a node, press-drag-release it with the left
mouse button.
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3.2.3 Move/copy a polygon

Select a polygon using the mouse by left-clicking on it or from the list in the toolbar, and then choose
Model > Drag polygon menuto move the selected polygon or Model > Copy Polygon to
copy it. After that, click the left mouse button inside the Model Frame to finish moving or copying.
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3.24 Delete a polygon
Please use the menu command Model > Delete polygon to delete the selected polygon.

NOTE: To undo the previous action, please use the Undo command.
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3.25 Edit polygon’s properties

Please select a polygon with the mouse or from the list of polygons in the toolbar. The boundary of the
selected polygon will be highlighted with a bold green line. Then, use the menu command Model >

Edit polygon to edit the polygon®s properties.

Polygon Properties [&J

Palygon Mame |‘I j

Paolygon Type Border
topébottom j

™ Smoothing baorder

e

Component Unitz —~ banually - alue From Seizmogram 1 From Log

Compression Welocity més v 2200 r I
Density kaim™3| [ 2086 r r
Shear Velocity m/s I 1270 r r

Anisotropy & Other Property |Stratificati0n j
Properties By default | seismagram Select weldogs

Dirawing Properties
L

Cancel |

Polygon Name IS the actual name of the polygon. If a polygon reflects a layer in the well, it is
recommended give it the name of that layer. In the Pol1ygon Name drop-down list, the complete list
of layers' names from the database is shown.

The group Component is for editing the velocity, density and other parameters for the polygon. If the
Manually checkbox is not checked, the corresponding values will be calculated automatically from
the other parameters using empirical formulae.

From Log —if checked, the polygon®s properties will be obtained by interpolating the logging data.
The Select Well-logs button is for selecting the curves in the Model Frame and specifying
their type (velocity or density) and measurement units.

From Seismogram — if checked, the polygon™s properties will be obtained from the data of the
underlying seismic file. The Property seismogram button is for selecting the underlying seismic
file in the Model Frame and specifying their type (velocity or density) and measurement units.

The By default button is for saving the user-specified values as the default values for future use
when a new polygon with the same name is created.

The Smoothing border checkbox is for smoothing the polygon“s boundaries automatically. In
case whenthe Polygon Type IS top&bottom, the top and the bottom boundaries will be smoothed
independently.

84
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The Drawing Properties button is for setting the color filling of the polygon and the attributes of
its boundaries. It is only for the visualization, not affecting the calculation of synthetic gathers.
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3.2.6 Anisotropic/fracture/absorption parameters

To specify the anisotropy and/or fracturing parameters, press the Anisotropy & Other
Properties button. Then, in the dialogue box Anisotropy & Other Properties,
specify the value for each parameter shown in the pop-up dialogue box (shown below).

F N
Anizotropy & Other Properties L&J
[ Thompsen's Parameters [Anisotropy) B
Epsilon |D Delta |EI Fielative azimuth |0 deg
Gamma [0 Phi [0 deg Alpha |0 deg
Fracture
Din Ot Alpha Azimuth
deg deq
[ First Fracture |D |El |D |D
r o o o o
r o o o o
[ G-factor [Hualiby [ 3D extention
Comprezsional |0
Shear i
Sources bpe: Reflector
[ Muted
Cancel |

By default, each pblygon IS isotropic.

Thompsens Parameters: € (Epsilon), 6 (Delta), y (Gamma) and the inclination angle ¢ (Phi) of the
symmetry axis of the transversal-isotropic (T1) background medium can be specified. The coefficients €
and d determine the relative difference of the qP and qSV wave velocity in different propagation
directions with respect to velocity along the symmetry axis of the background medium, and they are
used only in the Elastic Anisotropy mode. The parameter y determines the velocity variation of the qSH
waves along different propagation direction, and it does not affect wavefield of a 2D modeling (it is
added to make the description more complete and for future upgrade).

Fracture describes intensity of fracturing in the background medium, and is characterized by parameters
on (Dn), ot (Dt) and the fracturing inclination angle o (Alpha) with respect to the vertical direction. Each
layer may have 0-3 different fracturing systems. The parameters 6, (Dn), 6 (Dt) should be within the
limit of [0,...,1]. The inclination angle a (Alpha) is within the limit of [-90°,...,90°]. The parameters on
(Dn), &t (Dt) depend on the density of fractures, Poisson coefficient of the background medium and the
type of materials filling in the fractures. These parameters affect both propagation velocities of all types
of waves along different directions, as well as their dynamic properties (amplitude).

Q-factor is for specifying the parameters about the seismic energy absorption in visco- elastic medium.
This parameter measures the attenuation of the wave amplitude for a wavelength. The Quality of
Compressional and Shear waves can be specified separately.

Sources type: Reflector, the option Muted is for suppressing the wavefront generated by
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the boundaries of all polygons when the source type is Reflector. Selection of the source type is
described in the Section 5.1.
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3.2.7 Order of polygon overlapping

All the polygons in the model are displayed in the same order as they appear in the polygon®s list (the
list in the main editing toolbar). Please use the menu command Model > Bring Polygon
Forward to move a polygon upward, and use the menu command Model> Bring Polygon
Backward to move a polygon downward. These commands move the polygon up/down one level, i.e.

exchange the chosen polygon and the previous or next one. To set the correct order of overlapping
polygons, users may need to repeat this command several times.
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3.2.8 Base points

The base points are used to specify the components with linear gradient within the polygon. Firstly,
select the polygon where you would like to add some base points. To add a base point to an active
(selected) polygon, please choose the command Add Base Point inthe context menu by clicking

the right mouse button, or select the command in the menu Model > Base Points > Add Base

Point.
f Base Point @1
Component Units td anually— ' alue
Comprezsional velocity m/'s [ W
Denzity ka/m”3 N W
Shear velocity m's N IW

Coordinate

Depth [£]

Distance [¥) (500 mm
500 m

Cahicel

Please specify the coordinates of the base points and the values of each component in the dialogue box

Base Point. The gradient will be calculated automatically for any 2 adjacent base points:

1= BasePaint.tpa - TesseralPro

=B e |

File Database Edit View Model Map Seismic 3D View Run Help

PoEW 2 =0T HE O e n BE Q& Q R =l
&Rl sl | X £ .| 2D | Tr >
A el
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The Base Points

|

Synthetic seismograms creating:

STEP 1: Create Velocity Model > || STEP 2: Acquisition Geometry = || STEP 3: Run modeling > H Hide

1 frames selected

point: 131 x5 mm,

To edit the parameters at a base point, please use the Edit Base Point command in
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context menu by right-clicking the base point or use the menu command Model > Base Points >
Edit Base Point for the active base point marked by square with red edge. The base points may
be relocated by the mouse (press-drag-release) or deleted by using the command Delete Base

Point inthe context menu or Model > Base Points > Delete Base Point inthe to-
level menu.

Also, it is possible to interpolate between base points while following the geometry of the

polygon (i.e. like in well logs). To do that right click on the polygon and select Polygon
Properties > Interpolate like well-logs.

-

Polygen Properties ﬁ
Palygon Mame
Falygon Type Border Baze Pointz
top&bottom v] Smoathing border Interpolate like well-logs
[account the layer top
and bottorn horizon
\/‘\ geometry]
Component Unitz Manually Value From Seizmogram — From Log
Compression Yelocity mds 2000 i
Density kg/m™3 O] 2200
Shear Welocity mes = 1730
’ Anisotropy & Other Froperties ] F_'rupert_l,l [Stratificatian -
Porous By default SeIEMOgranm Select Wel-logs
[ Dirawing Properties ] [ Components: walue range ] [ K ] [ Cancel

200

0 f 200

400

i3 ‘\W}E \.../1 Ah—i/ B e

300

T
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The upper base point assigns the velocity at the very top of the polygon, while the lower base point - at
the very bottom of the polygon and the generated gradient is uniform with respect to the geometry of the
polygon (as shown above). The right panel is the Model Frame with a coarser illustration of the gradient
(generated by the two base points-displayed as white squares), while the left panel is the corresponding
SGY file with a finer illustration of the gradient.
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3.2.9 Build polygons from well’s intersection data

This feature is supported only for models built using wells with layers. Please see Section

3.1.4 for details about building models using well data.

Select the Mode1 Frame and then select the command Create polygon. Inthe dialogue box New

Polygon, specify the Polygon Name from the list of layer*s codes in the database. These polygons

need to have been created in advance using Top and Bottom Markers and be saved in the Database.

r

Mew Polygon

S

Palygan M ame j

Kuznetsovskaya
top&bottorn | Lulinvarskapa
MizhneB erezovskaya
FE1
1 FE10
I FE11

FE12
FE13
P14 |
FE15
FEI1E
FEI17
PE18

If the name of a polygon matches at least one of layer names for the wells loaded into the model, you
will be asked to build the polygon automatically from the layer intersection data.

EPE-3-1 E
m Border

[ Smoathing border

S

lamnd

Ok, | Cancel |

-
TesseralPro

~
et o

(e} Do you wish to create polygon from wells layer automatically?

|5 =

Please see the results:
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Automatically created polygon
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Synthetic seismograms creating: STEP 1: Create Velodty Model > ||

STEP 2: Acquisition Geometry > || STEP 3: Run modeling > H

Hide

point: 103 x5 mm,
h

1 frames selected

The automatic creation of a polygon group from several selected layers is supported, for which the
menu command Model > Wells & Polygons > Create Polygons from Well

Strata Marks is used.

r ~
Add new surfaces &J

Select strata

Layer name Cre. wells Top/Bottom Strata name B

D BP&-3-1 : Bottom 1 Bottom EP&-3-1

D BPS-3-1: Top 1 Top BEP&5-3-1

[w] Gankinskaya : Bottom 4 Bottom Gankinskaya

Gankinskaya : Top 4 Top Gankinskaya a

[#] Kuznetsovskaya : Bottom 4 Bottom Kuznetsovskaya B

Kuznetsovskaya : Top 4 Top Kuznetsovskaya

[¥] Lulinvorskaya : Bottom 3 Bottom Lulinvorskaya

Lulinvorskaya : Top 3 Top Lulinvorskaya i

[ T S TS ST " s [T Y T

4 | 1 3
Automatic select layers |Only by all wells ﬂ | oK | Cancel |

From the list of layers, select the ones you would like to see enclosed with polygons. The result will be a

depth model created automatically.
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3.2.10 Build polygons from well logs (thin layering)

Tesseral Pro has the capability of building a thin-layered velocity model from well log data
(particularly using acoustic log).

NOTE: To build a thin-layered model from well log data, it is recommended to start the
process using the Wizard for model creation From database WELLS. Please see
details in the Section 3.1.4.

STEP 1. Select the acoustic logs. Please select the acoustic logs (DT or AK) in the dialogue box
Model Properties forthe Model created by well data. To do this, check the checkbox near the
Log button on the right hand side of the well data group to the left or right of the well. Then click
the Log button, and in the pop-up dialogue box Log, select the needed acoustic logs from the list of all
well logs loaded into this model. To specify the polygon parameters from well log data correctly, please
select Compressional Velocity or dT inthe Specification parameter list,and usec/m
as Measurement unit parameter for the selected logs.

P

Log &Jw
| 1.Addlogging curves

to the wells ‘Welllogs _
/ wfidth [rarn

] [10
b —
Addwell-logs > -] Log description
Delete well
elete Welllog < Net
Delete Allwel-logs <<

2. Setthe type of the curve | Autocalculation
and the measurement units |

Scale -

oT
Specification | Compression Velocity or 4T j Meazurement unit |usec/m -

Fram To Scale

1292 7007 [urit/rmm) Top 994.6 m
1o o o Bottom |3271.8 m
2 o o [0
3 o o [0
Scale type  |Linear -
Line stle i By default
Y v Scale autocalculation
Select Wwell to Dizplay Well-log Informatic |12 j

3. Set the scale and the
lines for the curve

|

After that, the well logs will be shown near the wells in the model.

STEP 2. Build polygon. The common “thick” polygons are used for the thin-layered models. These

polygons may be built either manually (see Section 3.2.1) or by any of the automatic methods (see the
Section 3.2.9 and the Section 14.2.7).

STEP 3. Set polygon components from logs (From Log). Please select a polygon and then choose
the menu command Model > Edit Polygon. If the acoustic logs are selected correctly (see STEP

1), the From Log checkbox should be enabled for the Compressional velocity component.
Check this checkbox (From Log).
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Select Curves on Model &J

Polygon Properties

Well-log name Well-log type | Measure unit

Palygon Name |1 x| Add > T Compression Velocity or dT usecm
Polygon Type Bordsf Delete ¢

topkbattam ﬂ - I Auto-select <3 < I C

.\ - )
Filling the component ’_- Eaneel
from logging data N

Component T TOTETTCT, L Fromrs eismodgm-— From Log
Compression Velocity mis v 2200 r v

Density [ 2085 r~ r

Shear Yelooity mis r 1270 m r
Arisotropy & Other Property |Stralif\c fion j
Properties By default ‘ seismogranm

Selectfel-logs |
Diawing Properties ok | Cancel |

NOTE: If the selection From Log is notenabled (is grayed), click Select Well-
logs to select the correct acoustic logs into the model.

NOTE: After checking the From Log checkbox and clicking OK, the interpolation
calculation for the components won"t start immediately. And the From Log component
value will overwrite the default value when the calculation starts.

If the steps above are done correctly, you will see the result similar to the figures below.
To get the second picture you need to delete the upper polygon using “Delete Polygon” button.
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Synthetic seismograms creating: STEP 1: Create Velodity Model > || STEP 2: Acquisiton Geometry > || STEP 3:Run
C1v2 Palygon, Compression Velocity: 0 (m/s), [P=0, =0, R=0] Z=11847.7 m L
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Polygon specifics while using well logs

The parameters of polygons built from well logs are calculated by interpolating the well log data along
the layer. There are 3 modes of interpolation:

Polygon Properties @
Polygon Mame |‘I j

Polygon Type Border

top&bottom j ‘ I Smoothing border
Compaonent Units —— Manually - alue From Seismogram - From Log
Compression Yelocity m's v 2200 r v
Density ko3| [ SO0E . Modes of well log data interpolation in polygons
Shear Yelocity mis - 1270 I~ r (

Anisotropy & Other Propert; |Stratification

Fropertiez By default | seismogfam Stratification
Interpolation parallel to the Top [Diown lap]
\nterolation parallel to the Bottom [Top lap] _~

Dirawing Properties

o Stratification: uniform compression. Stretching is proportional to the layer*s
thickness.

Well bore

Interpolation
along the
top and bottom

N

Layer Top
(polygon)

Data 7

interpolation V

(polygon)
. Interpolation parallel to the Top (Down lap): The data

interpolation will be “parallel” to the “Top” boundary of polygon.
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Well bore Interpolation

only along the

Layer Top T~
(polygon)
Data
Interpolation
//_
c‘/ \ﬁ’ A o
(polygon)
. Interpolation parallel to the Bottom (Top lap): The data
interpolation will be “parallel” to the “Bottom” boundary of polygon.
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Synthetic seismograms creating: STEP 1: Create Velodty Model = || STEP 2: Acquisition Geometry » H STEP 3: Run modeling > ” Hide
point: 127 %6 mm, 1 frames selected

To display the parameters of the polygons that were obtained using logs, please use the menu
command Model > Wells & Polygons > Well-Log Based Polygon.
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Fill Options.

~
Well-log based polygon fill setting M
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3.3 Build model from 2D/3D gathers

Tesseral Pro allows building a model by importing velocity models having the following formats: SEG-
Y, SDS-PC, and TGR. A seismic model can be used during building of polygons as underlay or as a
filling source for the polygons created by velocities.

NOTE: To build a model by gathers, it is recommended first to prepare it by the Wizard for
building a model From SEISMIC file. Please see details inthe Section 3.1.2.

While building the polygons, please use the seismic underlying image as a background “picture”; it is
also recommended to adjust the model transparency using the command Edit > Palette.

( Palette @

Magnitude within | 1800 ... | 2600 [~ Edit Palette transparency

Falette t

=

B
Glow [%) i ———
3
‘\EU )8
™ Edit palette Discretization |3 3:

1800 2000 2200 2400 2E00 2800

oK. | Cancel |
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3.3.1

In the dialogue box with polygon parameters (the menu command Model > Edit Polygon),

Specify the polygon’s components by underlying gather

please define the option From Seismogram for any component. The From Seismogram button

will be disabled (gray) if an underlying gather is not defined or if a component is not selected for the

gather (please see details in the Section 3.1.2)

=l

&% “cwz

ﬁFrcmSeisngram.lpa-Tessera\Pro ||:| = Bl
File Database Edit View Model Map Seismic 3D View Run Help
posE 20 EHPOHED sn BB ARG

| <1355 1o | = [ 2D |2 %]

a

| 8000 ﬂla Polygon Properties
i MU =] The component value in the gather

Z
len 0 00 800 ~Palugan Ty Eorder /
11 Itup&bultum ;I [~ Smaothing border
0 —FZ
2y
- 4
— Component — Units —~ Manually - Value — From Sejsfhogram 1 From Log
C Campression Yelocity 173 =2 Im I r
i
4000 Deensity Ib/ft"3 r IU r =
- b | Shear Yelocily ftés | IU r !
Anisotropy & Other Property I Stratification ;I
T Propeities By default | SelsmOogram Select welllogs |
=y
8000
Dirawing Properties | / ,TI Cancel

4 Cis
/ <isl
112000
e -
« | |
Synthetic seismograms creating: STEP 1: Create Velodty Model > || STEP 2: Acquisition Geometry > || STEP 3: Run modeling > || Hide | |

For Help, press F1
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3.3.2 Thomson- Tsvankin’s Anisotropy Parameters

It also now possible to run 2.5D Elastic Modelling for mediums with orthorhombic anisotropy. An

orthorhombic medium can be described by 7 dimensionless Thomson-Tsvankin parameters. They can be
accessed in Polygon Properties > Anisotropy & Other Properties >Thomson’s

Tsvankin parameters

-

Advanced Polygen Anisctropy Parameters

S

Warning. These settings will be used for 2D and 2. 50 anisotropic simulation.
For other modeling methods these settings will be ignored.
Thomsen-Tsvankin's Anisofropy Parameters
Epsilonl Epsilon2 Deltal Delta2 Delta3
1 0 0 0 0
Gamma 1 Gamma2 Azimuth
a a a
Stiffness Tensor (2-index Yoigt matrix notation)
1 2 3 = 3 o
0 0 0 0 0 0 1
0 0 0 0 0 3
0 0 0 0 3
0 0 0 4
V] i) 5
0 ]
Ok ] [ Cancel

Inthe Advanced Polygon Anisotropy Parameters window the user can either specify the

Thomson-Tsvankin’s Anisotropy Parameters and calculate the Elastic Stiffness

Coefficients or directly specify the Stiffness Tensor for the chosen polygon.
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3.3.3 Porous Medium Parameters
The user can now specify the porous medium parameters for any polygon in the model. In order to

access these parameters- right click on the polygon of interest and select Edit Polygon > Porous

. -—+- ——
Polygon Properties p———— ﬁ
Palygon Mame 2 -
Palpgon Type Border
bottom - [] Smoothing border
Component Unitz  Manually Value From Seizmogram — From Log
Compreszion Welocity m/'s
Density ka/m™3 [0 2200
Shear Yelocity md's [

F_'n:upert_l,l Interpalation parallel ta the Battom [T op lap)
Sl Select Well-logs

0k J [ Cancel ]

Anizotropy & Other
Properties

l Drawing Properties l l Compaonents: walue range ] [

Once the Porosi ty is specified, along with the elastic wave velocities and density for the Mineral,

Dry Rock and Fluid, the saturated rock velocities and bulk density in Polygon properties

window will change accordingly( i.e. based on Gassmans equation).
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[ Porous Medium Parameters ﬂj
Mineral
Compressioan] Velocty : 8000 mfs
Shear Velodty : 2900 m/s
Density : 2750 kafm~3
Dry rock (Skeleton with Mineral)
O Shear Velodty : | 2573.7 m/s
Compressional Velodty : | 5316.3 m/s
Fluid
Compressional Velodty : 1500 mjs
Density : 1000 kafm~3
Porosity : 135 o,
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4 Acquisition geometry for 2D
=lo| x|

File Database Create Edt View Model Map Seismic Run Help

NeEESARC i QAR|0 05 T e E5 5 T e
a}o|E|%|ﬂ ﬁ“(Nuselem) d|';r_|fm5{|| WLEH‘

=€ New Field || [2000 7500 3000 3500 2000 500 4]

o-& FnaBHoe ‘
141
T

&8 1 (DT)

Sources

-6 10 len 0 000 4000 6000 8000
701 11 (DT) 5 34 9

E
E

&-E3 12 (AK)

& £ 13 (D7) VIEVIEVIEY, .4
H-01 14
#-E1 15 (DT) — _

&-E3 16 (DT) - = A - .
®-£1 17 (DT) B / L i
E
E
E
E
E
E

7-£3 18 (DT)
13 2 (DT)
f-£3 20 — Recevers. The receivers associated | 1000
7-£1 21 (DT) | |with the active (gray-filled) source S _
7-£1 22 (DT) are shown in black =

7-E3 23 (DT)
e e enm | AT T T T T T L _

Sources are shown as triangles. To make a source active (selected) in the Model Frame, click it with
the left mouse button. The active source will be filled in grey color. The receivers associated with the
active source are shown as black squares. The other receivers are shown as grey squares. To move
sources or receivers manually, use the mouse by pressing-dragging- releasing.

The spread of sources (shot points) and receivers (receiving points) are designed by choosing Model >
Acquisition Geometry menucommand. In the dialogue box, the number of sources/receivers,
their intervals and positions can be specified, and every source can be associated with a group of
receivers. The users will be offered to arrange the sources/receivers geometry using a Wizard.

Acquisition Geometry w

Since it is quite complicated to adjust the spread manually, it is recommended to use the Wizard.

NOTE: The dialogue box Acquisition Geometry Wizard is always launched at the
very beginning of model creation.

In the Tesseral Pro, several acquisition design schemes can be implemented. Depending on the selected
scheme, the Wizard may have 1~4 dialogue boxes.
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4.1 Receivers move with source
The receivers are positioned in relation to one of the sources, and then they are repeated for other

sources of the model.
STEP 1. Acquisition geometry

P

WSP

" VSPimoving source)

Load from file

" Load from seismogram

< Back

Dbservation scheme Iﬁ
(v Move receivers with sourcei W7 [ [W|
(" Zero-offset shooting
Select
(" Fixed ressiver position o T L VW

acquisition geometry

" Dipole VSP

g

(" Load from SPS4ile

=
8
AF

In the dialogue box Observation scheme, please select Move receivers with source.

When this mode is chosen, you should first provide the source layout, followed by the layout of receives
relative to the same source. As a result the receiver spread will have the same distribution for every

single source.

STEP 2. Sources — In the dialogue box Sources, please select the set of parameters to be set from the
list, and then enter the values for each empty parameter cell. The sources will be automatically placed
uniformly along the acquisition surface (above the top edge of the model polygons).

'.

m
Number of sources

" Number & ste ¢

Number |5 3:
" Number

Step 40 m
" Step

From 100 m
" From & step

To 260 m

Select the parameters to set

< Back

1=
2
i

Cancel |

)

Help

=

From — is the starting position of the source line along the model section (profile)

To —is the ending position of the source line along the model section (profile)

Step — source interval
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Number — number of sources

NOTE: These parameters are related with each other by a simple relation: Number = To —
From / Step + 1. Therefore, changing one of these parameters leads to recalculation of

STEP 3. Receivers (for the acquisition geometry “Move receivers with source”)

-

Receivers (geophones) Iﬁ
" Numbrer & step
Number |40 3:
(" Step &from &to
" MNumber & step & from Step 20 b
(* All parameters From 140 m
e To 520 m
~
Specify "From’ and To" as shifts from cument shotpoint
< Back | Finish | Cancel | Help |

Specify the receiver distribution in the dialogue box Receivers
From and To do not represent the absolute distance relative to the profile origin, but the relative shift

with respect to its corresponding source (negative value means placement to the left of its respective

source).
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4.2 Receivers at fixed position

The receivers and the sources are positioned independently. Thus, for each source, a group of receivers
have to be selected.

STEP 1. Acquisition geometry

In the dialogue box Observation scheme, please select Fixed receiver position.Inthe
following dialogue box, you should specify the source line independently, and then specify the group of
receivers for each source.

STEP 2. Sources (for the acquisition geometry “Fixed receiver position”) — The dialogue box
Sources Isthe same for all types of acquisition geometries. More detailed information is given above.

STEP 3. Receivers (for the acquisition geometry “Fixed receiver position”)

[ Receivers (geophones) &r
" Numbrer & step
(" Step &from &to = 3
(" Number & step & from Step 'r m
" All parameters From ,7 m
b To  [iom m

« Gtep:

Specify "From' and To" as shifts along the profile line

“— ok

For the scheme “Fixed receiver position”, the dialogue box Receivers (geophones) issimilarto
the dialogue box Sources. The parameters From and To specify distance along the profile line of the
model. Please see the detailed description (for the dialogue box Sources) above.

=

et > Cancel | Help |

Please specify the number of receivers (from the whole receiver line) used both to the left and to the
right of the source.
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-
Receivers (Geophaones) u

Receivers are at fixed position. Specify the receiver range associated with
current shot.

ol

m??m

Number of valid - =1  Mumber of valid
receivers at LEFT side &0 j IGD j receivers at RIGHT
of source side of source

< Back Cancel Help
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4.3 Zero offset

In this scheme, each source has only one receiver with the same coordinates. It is mainly used for ray
tracing.

STEP 1. Acquisition geometry

In the dialogue box Observation scheme, please select the option Zero-offset shooting.
In the next dialogue box, you should specify the source line. Receivers will be positioned automatically
in a way that only one receiver is assigned to each source and the coordinates of each receiver will be
identical to its corresponding source.

STEP 2. Sources (for the acquisition geometry “Zero-offset shooting”)

The dialogue box Sources isthe same for all the acquisition geometries. The more detailed
description can be found in the Section
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4.4 VSP and VSP with ascending receivers

It is used for designing VSP acquisition geometry for the case when all sources are located on the

surface. The receiver line can be fixed or ascending inside the well.

ﬁVSP_l.tpa-Tasserale L‘:' &l &J‘
File Database Edit View Model Map Seismic 3D View Run Help
PlDsM |2 C N0 | HEE - a k(BB S & QA & Bl
A % [Meseats BEEEETES s A
A B =
18 2000 2200 2400 2600 2300 3000/¢1860 2000 2207 2400 2600 2800 3000¢
Receivers of the : : Receivers of the i :
selected source selected source
lef— T \uu i 0 T}UU Y}U[] len U \UU 0 Y}pﬂ jﬂﬂ
o L]
i . R
i » L
i 2 L
. — 70
i . I
- ] -
- i ] L
]
[ 400
__f__’;____r_i L
i n L
4 L] L
a [ 600 §
800 800 (¢ 800 800
-
7 | o]

Synthetic seismograms creating: STEP 1: Create Velogity Model > || _ STEP 2: Acquisiion Geometry > || _ STEP 3: Run modeling > [ Hide

point: 164 x 8 mm, Top title size: 122 x5 mm
N

STEP 1. Acquisition scheme — In the dialogue box Observation scheme, select

VSP(moving source).

Observation scheme Lé]

(™ Move receivers with source “ “ “

(" Zero-offset shooting
" Fixed reseiver position _Wuv i

WSP

" Dipole VSP ’E

Load from file

" Load from seismogram " Load from SPS4ile

< Back et > Cancel | Help |

STEP 2. Sources — The dialogue box Sources is similar to other acquisition schemes.
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The detailed description is in the Section 4.1.
STEP 3. Receivers

Receivers (geophones) Iﬁ
(" Numbrer & step
i Number |15
" Mumber & step & from Step 40 m
(™ Al parameters From lgDDi o
" MNumber ™ lﬂﬁl}i .
" Step

Specify "From' as model top and To" as model bottom

=

< Back

et > Cancel | Help |

J

In the dialogue box Receivers (geophones), the receivers spread is specified for the first source.

STEP 4. Receivers (Additional parameters)

[ Receivers (Geophones) Iﬁj
Receiver Layout
 Veticaline:  [300 m
C | =

Mave receivers for every source by -80 m

< Back | Finigh | Cancel Help

Specify the way receivers should be positioned: along the vertical line or along the well. The well may
be selected from the list of wells, which are used in the model (in the Section 12.1, it is described how to
add a well into the model).

Below is an example of receiver spread along a well:
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r B
ﬁ AlengWell.tpa - TesseralPro lilﬂlg
File Database Edit View Model Map Seismic 3D View BRun Help
P DEH SO FEE s BB QR G
» % | . =] 0 0 | K| 4 | 55 Ay | 2. 2D | Lo N
6 =
1300 2000 2200 2400 2600 2800 3000
len 0 500 1000 1500 2000 2500 3000 3500 4000
15
0 Receivers along the well ? |0
~ £1000 1000
2000 2000
3 =
< »
Synthetic seismograms creating: STEP 1: Create Velocity Model > || STEP 2: Acquisition Geometry > || STEP 3: Run modeling > ||
point: 116 x 6 mm, 1 frames selected [ A
s

The Move receivers for every source on parameter isused in the observation scheme

when receivers are raised in the borehole during seismic observations.
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4.5 VSP dipole
Both sources and receivers are located inside the well.

15 vsP_21tpa - TesseralPro =ET)
File Database Edit View Model Map Seismic 3DView Run Help
POSE 2 ESHT R 2 n | BRE AR e -
B % |[MNosslects =i K] oo | 2P | Tr
A B ‘ -

1800 2000 2200 2400 2600 2800 3000(1800 2000 2200 2400 2600 2600 Sﬂﬁé

len 0 200 400 600 800 len 0 200 400 600 800

Synthetic seismograms creating: STEP 1: Create Velocity Model > || STEP 2: Acquisition Geometry > || STEP 3: Run modeling > || Hide |

For Help, press F1

STEP 1. Acquisition scheme
In the dialogue box Observation scheme select Dipole VSP.

STEP 2. Sources — The dialogue box Sources isthe same as other acquisition schemes. The only
difference is that the sources are located along a vertical line or along the well.

STEP 3. Receivers — In the dialogue box Receivers (geophones), like in the acquisition
scheme 4.1, the layout of receivers for the first source needs to be specified.

STEP 4. Receivers (Additional parameters)

Select one of the 2 options how the receivers are located: along a vertical line or along the well.

The parameter Move receivers for every source byis used for the acquisition
scheme when the receivers are moving up along the well during the seismic observations.
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4.6 Load acquisition geometry from gathers

If you have field gathers then the information on sources and receivers coordinates from the trace
headers may be used to assign the acquisition scheme for a model.

STEP 1. Acquisition scheme

Inthe Observation scheme dialogue box, select Load from seismogram. Inthe next
standard File open dialogue box, select the seismic file. All the sources and receivers will be loaded

from the trace™s header of the selected gather.
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4.7 Load acquisition scheme from SPS files

STEP 1. Acquisition scheme

In the dialogue box Observation scheme, select Load from SPS-file.

In the next dialogue box SPS-files 1load, selectthe SPS files. If you use the SPS file of a 3D

spread, then in the group Sources and receivers selection, adjust the criteria for selecting

sources and receivers to be loaded into the model and the binning size.

-

SP5-files load

==

Sources File...

| | C:\Sheldon\TestingDfTesseralPro\Tesseral 30 Files\SPSYSwi1.501

Receivers File...

| | C:'\Sheldon{TestingDfTesseralPro\Tesseral 3D Files\SPSYSw1.r01

¥ Sources and receivers selection

Shot-Receiver Relation File... | | C:\sheldon\TestingOfTesseralPro\Tesseral 30 Files\SPSYSw1.x01

Exdude the sources/receivers away from the profile line

Align the selected source freceivers by bin

Cancel |

In the next dialogue box Map, select the model section along the receiver line.

r

1" Map

[E==)
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1] Use left mouse button to drav model profile on the map below

3] Resize the dialag window to chatge the zize of map belaw

2] Uze right mouse button to select the on the map below a visible rectangle

Cancel

Zoom aut
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If the model length is smaller than the length of the selected profile in the Map dialogue,
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you will be asked to correct (enlarge) the model. Tesseral Pro has the capability of creating a model
using only SPS files (see Section 3.1.6 for more details).
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4.8 Standard dialogue box for acquisition geometry

In addition to using Wizard for the sources and receivers layout, the integrated dialogue box can be used,

which is activated by Model > Acquisition Geometry. Then select No when asked to run

Acquisition Geometry Wizard.

Launch the Wizard directly

=

™ Ground surface

™ Polpgan |0 [base) hd

cify the receiver

" Fixed receiver positior

range azzociated with curent shat

FOLMCE

T o T T

Mafiber of walid
eceivers at
RIGHT side of

Specify the sources and
receivers arrangement

Cve [
Mumber of +2h
" Haorizontal line |0 m g
LEFT zide of
&+ Vertical line 500 m source
™ Free
Load
i
Modsl Length 1000 - Load from Gather

" Load fram SPS il

Margin [uze to modeling) |250

Load...

=

Load...

Acquisition Geometry from the dialog

Sources ’W‘ v v v Survey Geometry / Receivers [geophongs)—eeeeoososs
Murmber m sr3e Acquisiion Geometn WIZARD 3 Murmber ,m
Step o0 m " All reseivers for eveny source Step 40 m
Fram ’2007 m % Move receivers for every zource by |80 m Fram ’T T
Ta ,5207 i £ Move receivers with S0UICE o Tals Eoxtoss ot T® ’BBDi -

Sources Allo i?g:;g%ﬁﬁ [Suosljco;!f i et iz m Fieceiy®: Allocation

W' Cable interval Distance from active source to left side model 200 el it

" Ground surface

" Palygon ’m
cva T
" Horizantal line ’Di m
* “ertical line ,5007 m

" Free

OK | Cancel |

The group Sources is for specifying the source layout, and the group Receivers (geophones)

is to specify the receiver layout. The group of Sources Allocation OrReceivers
Allocation isto specify the line along which the sources or receivers will be positioned. If you

select the option Wwe11 and a well from the list, then the sources (receivers) will be positioned along the
selected well, as shown in the figure below.
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If you select the option Free inthe group Sources Allocation Of Receivers
Allocation, then each source (receiver) can be positioned in the model independently from each

other. For the other options, all sources and receivers will be positioned as a group along a specific line.
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5 Modeling: synthetic gather calculation

Before launching the job of computing synthetic gather, a velocity model (Section 3) and the
corresponding acquisition geometry (Section 4) needs to be designed firstly and then the project has to
be saved by using the command File > Save Project.

Please use the menu command Run > Run 2D Modeling OF Run > Run 3D Modeling to
open the modeling parameter specification dialogue.
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5.1 Modeling method selections

TheModeling Procedure parameter is for selecting the method used for solving the wave
equation. The available modeling methods include:

~

General lﬁj

Modeling Procedure

Sources to compute

From #: |1
Source shot points v Al Active
To# |5

Shotgahter Record

Start 0 ms
Stop 2000 ms auto
Step 2 ms

Save results to... [C:\Sheldon\TestingOfTesseraIPm

2D Vertical Incidence is to simulate the vertical propagation of waves for
horizontal boundaries. It allows quick evaluation of the arrival time and the amplitudes
of the reflected waves in the time section under the condition of strict 1D propagation of
seismic energy.

2D Scalar is for the scalar model of the medium (i.e., liquid approximation without
considering variation of density). It only takes into account the variation of
compressional velocity and it is the quickest method for the modeling of 2D wave
propagation.

2D Acoustic is for the acoustic model of the medium, which takes into account the
variation of compressional velocity and density.

Acoustic without multiples is for quickly obtaining the time section of the
acoustic model of the medium. As a whole, it corresponds to the exploding interface
mode of other methods, but it does not take into account the multiples and the image
contains fewer noises. It enables users to intuitively understand the influence of multiples
on the gather and seismic image by comparing with standard acoustic method.

2D Elastic is for an isotropic elastic model. This is the main modeling method,
which can simulate the 2D propagation of seismic energy in solid media by taking into
account the effects of wave-mode conversion and the shear waves, as well as the effect
of quasi- anisotropy caused by a stack of inter-bedded thin layers.

2D Elastic Anisotropic is for a 2D-anisotropic elastic model and takes into
account the variation of physical properties in horizontal and vertical direction. The input
model can have up to 3 systems of 2D-oriented fracturing. This modeling method can
simulate the seismic energy propagation in anisotropic medium. The anisotropic
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parameters and/or fracturing parameters have to be specified by the user. If these
parameters are not specified, the algorithm is equivalent to the isotropic elastic method.

e 2D Visco-Elastic is for a visco-elastic model and can be used to evaluate the
effects of seismic energy absorption. It also takes into account the velocity dispersion.
The quality factor needs to be specified by the user. If this parameter is not specified, this
algorithm is equivalent to Elastic Modeling. This modeling method allows users to
examine the influence of fluid on wave propagation.

e 2D Eikonal Ray Tracing Iis the ray-tracing method for isotropic and anisotropic
medium and is based on the high-frequency (optical) approximation of wave-equation
modeling. It does not calculate the multiples but may take into account converted waves
at the reflector. The method is not suitable for a thin-layered model. This method enables
users to evaluate horizons™ illumination taking into account reflection waves. (Other
methods can only show incident wave energy instead of the illumination).

e 2.5D Elastic/Elastic Anisotropic + Visco-Elastic* is for 3D
isotropic or anisotropic elastic model with arbitrarily-oriented fracturing sets in 3D
space. It is assumed that the variation of the rock properties goes along the model*s
profile, while the variation perpendicular to the model*s plane (along the Y axis) is
negligible. This method can generate not only 2D/3C gathers but also 3D/3C ones, and in
case of a vector source even 3D/9C gathers can be generated. The parameters of
anisotropy and fracturing have to be specified. The azimuth is relative to the profile line
of the model. Additionally modeling of frequency dependent attenuation (Visco-Elastic)
is also an option. 2D 3D

e 3D Vertical Incidence is to simulate the vertical propagation of waves for
horizontal boundaries. It allows quick evaluation of the arrival time and the amplitudes
of the reflected waves in the time section under the condition of strict 1D propagation of
seismic energy. To access this method please first create a 3D observation system (See 7)
then Run> Run 3D modeling
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r R
3D Modeling General Properties LJ-&-
Method
Modeling Procedure: | 3D Vertical Incidence v '

Input

P-Velocity Cube File 1\DUPLEX_VELOCITY_MODEL _newsort_revers.sgy Required

S-Velocity Cube File Browse.,, | NotUsed

Density Cube File Browse..,

Quality Cube File Browse... | |Disabled
Sources to compute

From #: 197 To# | 197 Al

Shotgahter Record Model Boundaries

Start 0 ms Xmin |35 m  Xmax |3955 m

Stop 4000 ms Y min 35 m Ymax | 4515 m

Step 2 ms Z min 0 m Z max 4070 m

Save results to... C:\Users\Stefan\Desktop\Tesserral Pro testing new versii v | Browse... ]
Edit the task file Do not create new job, launch using existing runtask.ini

e 3D-3C Acoustic, Elastic* allows approximating wave propagation in
conditions of realistically heterogeneous (in all 3 directions X, Y and Z) medium. This
modelling can be applied to the objects like reefs, salt domes, different kinds of
collapse/breakthrough chimneys or steeply inclined faults etc. in the areas where an
accurate 3D reservoir characterization is required.

Note*: 2.5-3D-3C Full-wave (finite-difference) modelling, due to its
computational intensity, is based on Parallel Options including multi-core, -
node, -GPU solutions allowing to run such simulations in a feasible
turnaround time

To access this method please first create a 3D observation system (See 7) then Run> Run 3D
modeling.

e 3D-3C elastic TTI Anisotropic method. For this method the anisotropic
parameters Epsilon, Delta and Gamma of the medium needs to be assigned. Either
constant values or seismic cubes are assigned for Thomsen™s parameters in the 3D
Anisotropic Modeling window. The angle Phi (i.e. the angle from the vertical),
as well as the Azimuth of the TTI axis needs to be specified.
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3D Anisotropic Modelinx x x x

T &=

Anisotropy Parameters
Approximation
() Orthorombic (VTI/HTI) (@ Aribtrary oriented (TTI)

You can specify either a constant value or a seismic cube for non-zero
Thomsen parameters

gsin 0.2
pelt
Gamma 0.03 Browse...
Phi 30 Browse...
Aimuth a5

< Back ][ Next > ] |  Finish

Cancel | |

Help

For the Orthorhombic (VTI/HTI) as written, both Phi and Azimuth can be either 0 or 90

degrees.
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~
3D Anisotropic Modeling . - - hd Iizﬂl

I\— <Back | Next> | | Fnsn cancel | | Hep

Anisotropy Parameters

Approximation
(@ Orthorombic (VTI/HTI) _) Aribtrary oriented (TTI)

You can specify either a constant value or a seismic cube for non-zero
Thomsen parameters

Epsilon 0.2 Browse...
pelt
Gamma 0.03 [ Browse... ]

In orthorombic (VTI/HTI) approximation both phi and azimuth can be either 0 or 90 degrees

Phi 30 Browse...
Azimuth 90| Browse...

To access this method please, create a 3D observation system first (see 7), then Run> Run 3D
modeling.

Haskell-Thomson is a 2D/3D modelling method that is strictly designed for VTI
mediums. This method, in fact, is the 3D-method for a horizontally layered medium, but
it is using for 2D-models also. If this method is applied to the medium with the curved
boundaries, it implicitly builds a horizontally layered medium, based on the velocities
just below the source. The main advantage of this method is the possibility to calculate
various types of wave fields (P, SV, SH) separately. This method is not very appropriate
to the thin-layered modelx, because the calculation time is in proportion to the number
of boundaries. With this method it is possible to simulate point sources only, and the
sources and receivers are assumed to be located on a common horizontal surface.

This method implements spectral decomposition along X, Y and also time and as a result the wave field
propagates in 1D along the Z axis. The method essentially allows the user to generate partial wave fields
by allowing the user to choose the type of propagating (i.e. Down Wave) and receiving (i.e.
Generate wave type)waves, while allowing full wave mode conversion in inter-bedded layers.
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Addition

Threads per process ax] -

Produce time field |None

GPU

W | Enable GPU OpenCL ({if available)

Haskell-Thomson Additional Options

Down wave P -

Mumber

Slowness coeffident by x 1200 601 (=
Slowness coefficient by y 1200 601 =

V| Auto calc. number of slowness

Generate waves type P&S -

| Components: value range |

< Back Mext = Finish l | Cancel | |

Help

The Slowness Coefficient by xand Slowness Coefficient by y (1200 in this

case), implies that the range of slowness is limited by 1200/Vs where Vs is the minimum shear wave
velocity in the model. The Number parameter determines the number of used harmonics, (i.e.
slowness). With these two variables all possible reflected and surface waves can be modeled, provided
that a large Number of slowness is used (i.e. 601). A smaller number of slowness would result in
modeling of reflected waves only, while supressing the surface ones (e.g. Rayleigh Waves).

e 3D-3C visco elastic method is used to evaluate the effects of seismic energy

absorption in a 3D medium with or without any VTI/HTI anisotropy. For this method
the Quality Cube file (i.e. Q factor cube) needs to be loaded in the 3D

Modeling General Properties tab for the 3D FElastic or

Elastic Anisotropic modelling procedure.
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r N
3D Modeling General Properties &J

Method
Modeling Procedure: | 3D Elastic Anisotropic vl
Input
P-Veloity Cube File ~ 1\DUPLEX_VELOCITY_MODEL newsort_revers.sgy | Browse... | Required
S-Velocity Cube File Browse..,
Density Cube File RN m

Quality Cube File | Browse... abled

Sources to compute

From #: 197 To# 197 [ All ] [ Active |
Shotgahter Record Model Boundaries
Start 0 ms Xmin | 35 m Xmax | 3955 m
Stop 4000 ms Y min 35 m Ymax | 4515 m
Step 2 ms Z min 0 m Z max 4070 m
Save results to... C:\Users\Stefan'\Desktop\Tesserral Pro testing new versi v | Browse...
Edit the task file Do not create new job, launch using existing runtask.ini

Finish Cancel ] [ Help ]

o

To access this method this method please first create a 3D observation system (See 0) then access Run>
Run 3D modeling.

Also, in order for velocity dispersion (i.e. frequency dependency) to be taken into account, the Number
of relaxation mechanisms must be specified in the 3D Modeling Calculation
Properties. Use Apparent Velocities ties the assigned velocity of the medium to the
assigned frequency. Consequently, as the bandwidth of the signal is reduced (due to Qs and Qp), S0 is
the velocity. This is absolutely consistent with applied geophysics. Whereas Use Intrinsic
Velocities ties the assigned velocity to zero frequency and as a result the velocity of the propagating
waves is greater than the assigned velocity in the model. The 3D viscoelastic method is most generally
used to examine the effect of fluid on full 3D wave propagation. For more details see:
http://petrowiki.org/Acoustic_velocity dispersion_and_attenuation
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Addition e

Computation Grid Properties Threads per process Max v
Cell (dx, dz) 1 L. Produce time field [None Z
Tact(dt)  0.05 ms GPU

[¥] Enable GPU OpenCL (if available)

V| Generate snapshots
Start 0 ms
Step 200 ms

Generate by every 1 = source

[”] Anisotropy/Fracturing
(V] Attenuation (Quality)

[¥] True Viscosity

echanism [V] Higher Order Approximation (better quality)

Use apparent velodties

=] PML for invisible boundaries
— (better suppresses reflections in most cases)

[ Components: value range ]

@T Next = [ Finish ] [ Cancel ] [ Help

The following applies to 2D modeling only.

If the Source isspecified as shot points, the synthetic gathers are generated successively from
each source for the group of receivers associated with this source. Once the modeling job for all sources
is completed, a single merged shot gather is obtained. It has the flexibility of generating the synthetic
gathers for only a part of the sources by using the parameters From # and To #.

Ifthe Source isspecifiedas reflector (exploding reflector), it is assumed that the visible part of
the boundary of each of polygons may represent a line source oriented upwards to the surface of the
model. Users can specify the parameter Max angle (deg) to limitthe maximum angle of the
boundary to be used as exploding reflector (by default it is limited by a 30 degree angle).
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("= ModelingMethod.tpa - TesseralPra _ B
Fle Dotobase Edit Miew Model Map Seismic 30 EXplOdlng reflector mode
PDER 2 ESDI HErrr e - B
X 3 [ ‘ =[50 70 | | = | 6 e 2 2b A |
A [-]
1800 1300 2000 2100 2200 2300 2400 2500 2600 2700 m‘
[ i i R i i |
len 0 500 w0 wse 2w a0 3| 1hese parts of interface are 000 6500

= | 1000

2000

not exploding (Angle > 30°)

1000

2000

al - __§m
Synthetic seismograms creating: STEP 1: Create Velocity Model > STEP 2: Acquisition Geometry > STEP 3: Run modeling > Hide I ‘
point: 128 x6 mm, 0 frames selected [ [ Y

And the method of the acquisition system in the Frame Model is changed: the sources are not shown and
the parts of the boundaries emitting the wave are shown as bold dotted lines.

NOTE: It is possible to switch off the wave generation from all the boundaries of any
polygon. To do it, select the polygon, call dialog box Polygon Properties by menu

command Model > Edit Polygon, click the button Anisotropy & Other
Properties inthe dialogue box, and select Muted in Sources type:

Reflector group.

If the Source is specified as surface (exploding surface), the whole ground surface is excited at the
same time. It can enable the modeling of plane-wave propagation.

(5 ModelingMethod tpa - TesseralPro BTN
Ele Detobase Edit View Model Map Sesmic  30) EXp'Odlng surface mode
[P DR 2T eSO P e - [E
AR o> | 7 8| 5| = 3 66 | = 2D 2 | .
A B

1800

len

‘ 1300 2000 2100 2200 2300 2500 2600 2L m‘
: ; : ; | The exploding surface is shown
0 500 1000 1500 2000 2500 3000 351 in form Of sma” Sources Iong It

= | 1000

2000

)4

1000

2000

al - __§m
Synthetic seismograms creating: STEP 1: Create Velocity Model > STEP 2: Acquisition Geometry > STEP 3: Run modeling > Hide I ‘
For Help, press F1 [ [ P
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NOTE: After the gather is calculated using the method of exploding surface or exploding
reflector mode, If you like to recover the acquisition geometry for shot points
sources, call dialogue box Model > Acquisition Geometry and then select shot

points for the parameter Source.

In the group of Shotgather Record, duration of recording and the sample interval are specified in
unitof ms (Start, Stop, Step).
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5.2 Source wavelet

Wavelet - » - @

Source

Wavelet m Type  |Omnidirectional ﬂ

[~ Use minimal-phase signal

Surface Mode  |invisible A

Load from File...

Real Time Amplitude Spectrum

' '
B “4a -2 1 2 41 Bl

o4

2

Select the dominant frequency of the source signal by the parameter Frequency. This parameter has
considerable influence on quality of computed gathers and on time step needed for stable wave
continuation. Generally, the higher the frequency, the longer the computation time.

Parameter Wavelet is used for the selection of the signal®s form. In addition to
these standard wavelet types, you may load any kind of signal from a text file by
pressing the button Load from File.

Parameter Source Mode is used to specify the signal*s directionality.

Parameter Surface Mode — If invisible is selected, the free-surface related
reflection will not appear in the seismic wave field. If free is selected, the free-
surface related reflection is taken into account in the wavefield.

The option Use minimal-phase signal - If the option is checked, the
amplitude spectrum of the signal will be kept unchanged, but its phase spectrum will
be changed to obtain the minimum-phase signal.

The option Suppress Source SV is for suppressing shear waves. When the
source is located closely to the free surface, checking this option can reduce strong
surface waves in the shot gather, when Elastic Modeling or Elastic Anisotropic

Modeling is used.
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5.3 Additional parameters

Some specific parameters associated with various modeling procedures are to be specified. Therefore,
the available parameters in the dialogue box Addition differ depending on the selected modeling

procedure in the previous step (see Section 5.1).

For the finite difference solution of the wave equation, e.g., Vertical Incidence Modeling, Scalar
Modeling, Acoustic Modeling, Elastic Modeling and Elastic Anisotropic Modeling, the dialogue box
Addition consists of the following parameters:

- N
Addition . _» (2o
Computation Grid Properties Threads perprocess  |Max v
Cell (dx, dz) |78 o ’ EER Produce time field INone LI
Tact(dt) (3.7 ms | GPU

¥ Enable GPU OpenCL (f available)
[V Generate snapshots

Start 0 ms
Step 50 ms

Generate by every |1 3: source

v Atenuation (Quality)

[v Higher Order Approximation (better quality)

v PML for invisible boundaries
{better suppresses reflections in most cases)

Margin 1250 m auto Components: value range ‘
< Back | New I Finish I Cancel | Help |

o Computation Grid Properties are the parameters of the grid size and time
step for finite-difference modeling. It is recommended to use default values by having
the buttons auto pressed down)

o Generate snapshots — during numerical modeling, a special file Snap.tgr
is created, which contains the snapshots of the wavefield. The parameter Start is
the time when generation of snapshots starts. The parameter Step (step of
discretization) is the time interval between two successive snapshots.

o Generate by every .. source to specify the source interval with which the
snapshot is generated.
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NOTE: The snapshots file (...Snap.tgr) for each source uses lots of computer memory.
Additionally, merging of the snapshots for each source into one single file (this is the last
phase of synthetic gather computation) requires significant time. Thus, it is recommended
not to generate snapshots if you do not need them or specify larger time interval for
generation of snapshots (parameter Step) and omit some sources by parameter

Generate by every .. source.

o The option Use attenuation determines whether to take into account the
Quality factor during computation if it was specified for a polygon (please see details
in the Section )

o Margin is for widening the computation area outside the acquisition aperture.

o Threads per process - Determines the number of cores used during

modeling. Max means that all the processor cores are used.

o Produce time field — During the computation of the wavefield, the time field
of the incident waves can be generated: First Arrivals for the first arrivals of
the incident wave and Maximum Energy for the arrival of the most-energetic
incident wave.

o Components: value range — When the model is built by well database
(please see details in the Section ), the parameters limit the values of velocity
and density of the polygons which are obtained from the well logging data by
interpolation.
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53.1 Eikonal Ray Tracing Modeling

For eikonal ray tracing modeling method, the parameter Max. Dip of reflector isadded,

which limits the slope angle of the reflector. The feature of Snapshot is not supported in case of
eikonal ray tracing.

Addition e [
- Computation Grid Properties - Threads perprocess  |Max -
[ |
Cell (b dz) [45 o ! Ao Produce time field | None ~|
Tact@) |21 ms [fauto

: — Bikonal Ray Tracing Options

Max. Dip of reflector ISO 5: 2 {in degrees from a horizonlal axis)

™ lgnore anisotropy |

™ Generate converted waves

vV Attenuation (Quality)

Margin 1250 m auto Components: value range |

< Back Nest Finish Cancel Help
I | |
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5.3.2 2.5D Elastic Anisotropic Modeling

For 2.5D modeling, the Receiver Lines for Shotgathers group isadded in the first

General dialogue box, which allows specifying the range and interval of the receiver line in the

direction of the crossing line.

rGeneraI - " .._ - M1
Modeling Procedure hd
— Sources to compute
From #: I‘I—
Source Im IT Active |
To #: I4ﬂ—
| i
— Shotgahter Record — Additional 3D Acquisition Geometry Parameters
Start I[I'— ms Receiver Lines for Shotgathers ;I
Stop |21]'[H]— ms ﬂl From Y ID— m
Step |2 ms ToY ID m |
Stepdy |0 m |1 lines
i
Save resulis to... C % Users\Stefan"Desktop'Eqport_to_seismic_fommat _test*. Browse ... |

If a 2D VSP acquisition geometry was built, then the user can replicate it to a circular VSP survey by
selecting VSP radial allocation scheme of sources.
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Modeling Procedure [2. 5D Elastic ']

Sources to compute

From# 1

Source [shot points v [ All I Active

To# 201

Shotgahter Record Additional 3D Acquisition Geometry Parameters

Start 0 ms ¥SP radial allocation scheme of sources i w

Stop 1000 ms Fromangle 0 deg

Step 1 ms To angle 360 deg
Step angle 30 deg 12 shots p/s
F Assume horizorjtal layered model

(faster calculation)
Save results to... C:\Users\éfefén\Désktopieismer modeIWodéIing;Alex\Jbb-OZ\ v

Edit the task file ["]Do not create new job, launch using existing runtask.ini

< Back [ Next > ] [ Finish ] [ Cancel ] [ Help J

In the dialogue box Addition,thegroup Y Fourier Transform Spatial Frequency
Range (K2) isadded. It is specific for implementation of 2.5D modeling which use the spectral
decomposition technique in the Y direction where variation of the rock parameters is assumed to be
invariant.
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[ Addition - L » =)

[~ Computation Grid Properties Threads per process Max v
Cell {dx,dz) |45 m I auto
i GPU

Tact (dt) 2.1 ms

[V Enable GPU CUDA (f available)
I~ Generate snapshots

~Y Fourier Transform Spatial Frequency Range (K2)

Start 0 ms

From IO
Step 50 ms
Generate by every |1 3 source U ID

Number of K2 values per shot IO |
Y offset IC m

Calculate

[~ Anisotropy/Fracturing

[V Attenuation (Quality)

1 True Viscosity

Number of relaxation m
mechanism r PML for invisible boundaries
(better suppresses reflections in most cases)

Margin ]12‘5C m Iauto Components: value range | i
<Back | Mews | [ Fush | Cancel | Hep |

The gathers in the A column are noisy due to insufficient range of spatial frequency (From, To).
The gathers in the B column contain the signal from virtual sources due to insufficient
number of spatial frequencies (Number of K2 values per shot).

The gathers in the C column are correct.

3D+GathUz.soy 3D+GathUz.soy
0041 0 0

E00 3000 3500 4000)

O .

len 0 400 800 1200 1600 » y » y
[ 00 w0 "0 TG a0 Teon a0 [ 00 00 "0 e a0 e a0 [ 00 w00 "0 8 a0 a0 a0
0 2 5 O 1 Len |0 300 ‘600 's00 41200 ‘1500 1800 Len |0 300 ‘600 "s00 41200 ‘1500 1800 Len [0 300 600 "00 "1200 1500 * 1800
&=U. 1 - by g —‘by —.—y b -

| 17=0.03, a=45, [ |
iy ¢ = 300, VP = 2500 o0

It is recommended to adjust these spectral decomposition parameters automatically by pressing the
button Calculate in the lower part of the same group.

In any case, the 2.5D modeling requires huge amount of computations, just like a

. . 137
© Tesseral Technologies -User Documentation-



complete 3D case. It is accelerated by effective parallelization, especially by using GPU (NVIDIA
CUDA). To decrease the computation time, users can specify shorter time for the parameter Stop in the
dialogue box General.
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5.4 Gather Calculation rocess

After the modeling method and the relevant parameters are specified, please press the button finish
to launch the job and then the Modeling in Progress window should appear to allow users to
monitor the job progress.

— Percentage of computation done for Percentage of computation done for
i=] Modeling in Progres f
s .| the current gather the whole job
Poilft 30 Overalr ‘H:/
i 1N
' ** UEpaEnE@ Biapsed Time: 00:00:33 | [ HMENEN
| \
¥ i \
\J Ll
o
\""r_‘_
\
Gather Snapshot for current modeling time
Snapshot dx=13 ) . - Hid
Monitor dx=13 Log file of computation e
.. Simulation started! / :
.. 10% (Overall: 42%) - 3 of 5. 0:00:15 elapsed. Press to terminate the computation
.. 20% (Overall: 44%) - 3 of 5. 0:00:16 elapsed.
.. 30% (Overall: 46%) - 3 of 5. 0:00:16 elapsed.
.. 40% (Overall: 48%) - 3 of 5. 0:00:17 elapsed. = Clear Log
.. 50% (Overall: 50%) - 3 of 5. 0:00:17 elapsed. K

In the upper part of the Modeling in Progress window, the percentage of computation done for
the current source is shown, and the percentage of computation done for the whole job is also shown. On
the left, the part of the gather being computed is shown, and on the right, the corresponding wavefield is
shown. In the bottom, the log file is echoed as job is running.

If you want to terminate computation, press the Terminate button.

If an error occurs during the computation, the message will be shown in the lower part of the
Modeling in Progress window. To check the log messages of a finished job, choose Run >
Show Progress Dialog menucommand.

After the modeling job is done successfully, the Modeling in Progress window will be closed
automatically and then the computed gathers will be displayed in the Tesseral Pro window.
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The created files. Click the file to
EE)

display it in the right window

—_— ]
ﬁ Md1.tpa - TesseralPro

File Database Edit View Mo Map Seismic 3D View Run Help
P DEE 2SO0 HED 4h BB QKRQB™ < mE

E$AP0
= Mdl y( A B ];
-1 Arrange es z
SR Elostic] 800 2000 2200 2400 2600 2%'
.55 Md1+GathEP.sgy ] i H
len 0 2000 4000 6000

.55 Md1+GathEP.tgr
-6 Snapshots
€ Time Fields
& Signal
€3 Seismic files -
= Model - Model
Seismic - Md1+SnapEP.tgr
Seismic - Md1+GathEP.tgr
=3 Model
Map
55 Seismic files
6 Database

<3 E E
0000 E | Snapshot Model

1
1400 2100 2800 3500 4200 4900 5600 €300
700 '1400 '2100 '2800 "3500 '4200 ‘4900 ‘5600

0

o~ e,
L = — Gather
= x\
2000 T, 7000 =
T l]
K| 2l | &
Synthetic seismograms creating: STEP 1: Create Velodity Model > ” STEP 2: Acquisition Geometry > ]l STEP 3: Run modeling > " Hide

point: 10 x5 mm, 0 frames selected |

The output files of the modeling will be created in the same folder with the project. In case of elastic
isotropic modeling (Elastic Modeling), if the project is ModelOne.tpa, the following output files will be

generated:
odelOne+GathEP.sgy Gather
ModelOne+GathEP.tgr 3-component  gather TGR:
Vertical particle velocity, Horizontal
particle velocity, Normal stress
ModelOne+SnapEP.tgr Wavefield snapshots
ModelOne+TimeEP.tgr Traveltime from the source
ModelOne+WaveEP-1.tgr Wavelet

Please see the Section 13 for details about outputted gathers in the Tesseral Pro.
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5.5 Modeling using cluster and windows network

To use the finite difference methods (except the 2.5D Elastic Anisotropic Modeling) available in the
Tesseral Pro to compute the synthetic gathers, it is enough to have a modern PC. For the 2.5D Elastic
Anisotropic Modeling, the runtime can vary from several hours to several days, depending on the model
size and the selected computation parameters. Due to this fact, it is recommended to use a cluster or a
network of PCs to launch the 2.5D Elastic Anisotropic Modeling.
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55.1 Modeling using a cluster

In Tesseral Pro, the model can be prepared within Tesseral Pro and the job for computation of synthetic
gathers can be launched on a cluster. The cluster may work under Windows or Linux (UNIX). The
Tesseral Pro package does not work directly with the cluster. It is assumed that the users copy the job
and the model to the cluster explicitly, launch the job and copy the computation results back to Tesseral
Pro for visualization.

To prepare the job for a cluster, call Run > CLUSTER: Create task. The dialogue box for job
preparation is similar to the dialogue box for setting up jobs in the Tesseral Pro (see Section 5). For
example, for the project ModelOne.tpa with 3 sources, the following files will be generated:

runtask.ini

ModelOnel.tam
ModelOne2.tam
ModelOne3.tam

Here ModelOnel.tam, ModelOne2.tam..., are the model files associated with each source.
“runtask.ini” is the main file where the modeling parameters for the job are saved.

It is recommended to create an empty folder where this job will be created and saved. In this case, the
benefit is that users will not need to check whether a file is related to this job or not. The 2.5D
computation engine for a cluster may be downloaded from the website http://www.tesseral-geo.com
under page “DOWNLOADS”. The needed user documentation is in the archive with each program.
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5.5.2 Modeling using Windows network

For large computation tasks, Tesseral Pro provides a special utility TesseralFarm. TesseralFarm is a
utility complementary to the Tesseral Pro and it is designed to implement cluster functionality in the
Windows networks. Compared to the cluster under Linux architecture, the cluster created with
TesseralFarm requires far less efforts for preparation and has more flexible topology and sufficient
potential for enhancement. After computers are connected to a local network and the program is tuned,
the computation tasks can be broken down and allocated to each computer. TesseralFarm gives the
possibility to manage computations in separate nodes and to obtain (merge) the common result.

Please see details about the installation and tuning of the TesseralFarm in separate document.
Job launch and job distribution in a Windows network is done in Tesseral Pro by calling
Run > NET: Run modeling.

It is possible to get all computers available in the network by using Actions > Add All
Available Servers.

t,_,';_ TesseralFarm - model.tam _|olx|

File ‘Wiew Actions Help

J =78 H START |

Server | Comment | % done | Queuel 5mtu5| Result flles

(<local=) - 1-9 Readly

B2 - 10-17  Ready

PC1 - 18-26  Ready
Computers available Distributions of sources among |
in the network computers in the network [ hom[

Distribution of the job among the nodes (computers) is shown in the column Queue. For modeling, the

sources allocated to each node are shown. You may change the number of sources for each node by
double-clicking in the list.

When you have selected the nodes, please press START and the program will start copying the files to
the nodes (this may happen instantaneously or may take some time, depending on the sizes of files and
network speed). Once the copy of files to the nodes will be completed the computations in the nodes will
begin. You can monitor the computation in each node by the messages under the column & done.

?,‘,; TesseralFarm - model.tam =10 |i|

Ele Wiew Actons Help

w2 w I

Server | Comment | % done | QueLIE | Status | Result fles

(<local=) 30% 1-9 Working. .. Waiting for files ...

pC2 43% 10-17  working... Waiting for fles ...

PC1 31% 18-26  working... Waiting for files ...

4| Percentage of computation done in each of computers o
LM v

If you like to terminate the computations in one of the nodes, please right-click that node and select
Break calculation.

If you like to terminate computations in all nodes, click STOP.

Once the computations in all the nodes are completed, the computation results are located in the folder,
from which the job was launched.
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%2, TesseralFarm - model.tam =]

Hle View Actions Help

| 2w [
Server | Comment | % done | Queuel Status | Resuit files
(<local=) 100% 1-9 Finished joining fles - —
pC2 100% 10-17  Finished calculating The modeling is finished.
[F1rCt 100% 18-26 Finished calculating The results are merged
< | ]
T hwwa
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6 2D Ray tracing

STEP 1. Create a new or select an existing model (the command Model > Create Velocity
Model (New Frame) OrEdit > New Frame > Model). The model must have sources and
receivers (Model > Acquisition Geometry).

STEP 2. Select the polygon, for which you would like to run the ray tracing.
STEP 3. Launch the job by the command Run > 2D Model: Ray Tracing

Select the reflecting Select the reflecting
| polygon boundary
Ray Tracing
I
Set the step Reflecting boundary (polygon) |2 j |T|:||:| j |

ofthegrid [
Grid Cell size |6 m | auto

¥ Trace real raypaths

I Loop I Diffraction points

I Separator (account the boundary overlapping)
Margin, angle of 10 degree
Hade err, angle of |7 degree

Wave type  |PP le— Type of reflection
Sources
Ewery (source) |1 EI: Every (redever) |1 EI:
Select sources
X From number ] EI:
for ray tracing
To number 4 EI: Select all sources Select active source |

Model —|w Generate before ray tracing

Grid model file | C:\sheldon\TestingOfTesseralPro\RunMd 2-POR.TGR J
Time [¥ Calculate by eikonal [ Use Anisotropy

P-time file | C:\Sheldon\TestingOfTesseralPro\RunMd 2 +TimeEKF . TGR. J

S-time file | C:\Sheldon\TestingOfTesseralPro\RunMd 2 +TimeEKS . TGR. J

Set the main
parameters to their

default values \Eﬁfault

Cancel |

More information about the ray tracing parameters can be found in the section 6.3.
Here is the result of this method:
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Synthetic seismograms creating: STEP 1: Create Velocity Model > || STEP 2: Acquisition Geometry > || _ STEP 3: Run modeling > || Hide ‘
point: 221 x7 mm, Top title size: 256 x5 mm

L= Untitied.tpa - TesseralPro = | B ||
File Database Edit View Model Map Seismic Run Help
POEE|22 %P0 BE I BEE & @A™ =1/ B
& 2 [ EIESE SIS 19| % | 2p | L
& =
3000 5000 10000 11000 12000 13000 14000 15000 16000 17000 13000 19000 20000 21000 22000
len 0 1000 2000 3000 4000 5090 6000 7000 8000 9000
‘12 11 5
AR A v e A AL
= bkt :’fp

i, il

Synthetic seismograms creating: STEP 1: Create Velodity Model > || STEP 2: Acqusition Geometry > || _ STEP 3: Run modeling > || Hide: ‘

paint: 5 x 86 mm, 0 frames selected

In Tesseral Pro, the ray tracing calculations can be accumulated by repeating the command Run > 2D
Model: Ray Tracing. If the calculation is recalled with the same parameters for the same layer, its
results will automatically replace the existing results. By default, the Mode1 Frame shows the result of
the last calculation. The ray paths displayed in the Mode1 Frame for the current calculation can be
changed by using the command Model > Raypath Data and Visualization
Properties. In the same dialogue box, you may see the parameters of the current calculation,
change the mode of displaying the rays and delete some of the past calculations.
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NOTE: All ray-tracing calculations are saved in the project file (“.tpa” file). Please ensure
that ray calculation results will not overwhelm the document. Delete the unnecessary
calculations by the dialogue box Model > Raypath Data and Visualization

Draw Rays l M

Rays drawing

modes
~Raypath informatiop——rsms—oc LI_ S Tl 1 B
Selection of particular l."' ¢
i i — * Show all rays
Wave type [ calculation for drawing ¥

parameters of the - " show Raypath for active source only
current calculation /‘fﬁ"m’m \ ™ Show rays of region
ifne file I - create by eikonal - \ I Select region by mouse

S-time file I - create by eikonal -

¥ Draw Curved trace

Grid model file I C:\Users\Stefan\Desktop\2D Ray

A
Traces number I 99 Save Reflection Angles to TXT-File
Real trace information I Yes
/ Show actual (curved) ray traces. If unchecked
— source, reflection and receiving points are
BB EEEUEE | Delete ALL ra connected by straight lines

=l ILEl I

o 8 —

Delete current Delete all ray tracing
ray path calculations
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6.1 Ray-path display in Frame Model

o Show all rays — The ray paths from the current calculation are shown.

o Show Raypath for active source only — The ray paths from the

active source are shown. The ray paths from non-active sources are marked in grey

color.

r
L= untitled.tpa - TesseralPro

File Datsbsse Edit View Model Map Seismic Run

DEECIENE- R B ECEE e

4000 THdry

A x| ) ﬂ\@m%lw\ﬂﬁlﬁé@\&lﬂ&%\
A -
8000 9000 10000 11000 12000 13000 14000 15000 16000 17000 18000 15000 20000 21000 22000
len 0 1000 2000 3000 4000 5000 6000 7000 8000 9000
Av A A
I Is
0 ol % * 0
4000

8000

" Yovieny

Synthetic seismograms creating: STEP 1: Create Velodity Model > STEP 2: Acquisition Geometry > STEP 3: Run modeling >

For Help, press F1
L

o Show rays of region — Display the ray paths from the current calculation
whose source, receiver and reflection point are within the selected area. To define
the region, in the dialogue box Model > Raypath Data Visualization

Properties, please select Show rays of region and then check Select

region by mouse. Then select the region of the model for displaying rays by
pressing dragging and releasing the left mouse button. The mode of the region
selection will be cancelled automatically after the left mouse button is released.

© Tesseral Technologies -User Documentation-

148



-
15 Untitled.tpa - TesseralPro

|

e
File Database Edit View Model Map Seismic Run Help
DEECIEREEE R R EEEE s 0]
A % = |9 5 30| <D = 60 g | - | =D | 2 |

A =
8000 9000 10000 11000 12000 13000 14000 15000 16000 17000 18000 19000 20000 21000 22000
len 0 1000 2000 3000 4000 5000 6000 7000 8000 9000
A 11 As

Synthetic seismograms creating:

STEP 1: Create Velocity Model > STEP 2: Acquisition Geometry > STEP 3: Run modeling >

Hde |

point: 213 x7 mm, Top title size: 287 x5 mm
L
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6.2 Ray-path display in gathers

Please load the field gather or the synthetic gathers calculated by the eikonal ray tracing method or
finite-difference methods into the Seismic Frame. It is implicitly assumed that this is the gather

corresponding to the model, for which the ray-tracing was done. Please use the command Seismic >
Highlight Traced Ray Reflections to show the ray paths in the gather.

-
L= Md1.tpa - TesseralPro

[E=REET)

File Database Edit View Model Map Seismic Run Help

P DEE2CERP0 B e BE QR Q@ =1/ |

XD % J— | — W N& [ehe |z 22| BB @ EFE: @& 8 &
| A
[ _ Model |
[T) 2000 2200 2400 2600 rm‘
len 0 1000 2000 3000 4000 5000 6000 X | 0 500 71600 2400 3200 4000 4800 5600 64007200 B0D0 |
‘800 ‘0 ‘900 1300 2700 2600 '4500 5400 €300 7200

<

Synthetic seismograms creating: STEP 1: Create Velocity Model > || STEP 2: Acquisition Geometry > || STEP 3: Run modeling > || Hide | ‘

point: 134 x6 mm, Top title size: 152 x5 mm [ [ [

The command Seismic > Connect Ray Reflection Points changes the mode of

displaying reflection times in a gather (lines with captions or dots).
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6.3 Ray-tracing parameters

Ray tracing parameters are specified in the Ray Tracing dialogue box, after selecting the command

Run > 2D Ray Tracing.

Ray Tracing @

Reflecting boundary (polygon) |8 ﬂ |T0p

=

Grid Cell size |4 m | auto

¥ Separator (account the boundary overlapping)
Margin, angle of 10 degree
Hade err, angle of |7 degree

v Trace real raypaths
™ Loop | Diffraction points \ /

Wave type |PP j
Sources
Ewvery (source) m Every (redever) m
From number m
To number ﬂ Select all sources | Select active source |

Model —|v Generate before ray tracing

Grid model file | C:\Sheldon\TestingOfTesseralPro\RunUntited-PQR. TGR J

Time —I+ Calaulate by eikonal I~ Use Anisotropy
P-time file | C:\sheldon\TestingOfTesseralPro\Runntided + TimeEKP. T J
S-time file | C:\sheldon\TestingOfTesseralPro\Runntided +TimeEKS. T J

Default |

Cancel |

h

Main Parameters

e Reflecting boundary (polygon)
reflector (top or bottom).

e Grid Cell size is for specifying the grid size. The bigger is the value, the
faster is the calculations and the lower is the accuracy of the raypath.

e Margin isthe maximum deflection angle.

e Hade err, angle of is the allowed deviation of the reflection angle from the
incidence angle (i.e. allowed deviation of the law of reflection).
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r B
ﬁ 1itpa - TesseralPro @M
Eile Database Edit View Model Map Seismic Run  Help
YEDEEEEEEE FEECCE el ]
AR | , =l o Ha | x| = | 65 4| = | 2| 22 X
A -
1300 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 4000
Margin Margin
-~ £400 | | 400}
800 800
B O I U A U S A i . Ad
<] | [
Synthetic seismograms creating: STEP 1: Create Velodty Model > || STEP 2: Acquisition Geometry > || STEP 3: Run modeling > ||
For Help, press F1 [ [ 2
b

e Trace real raypaths is for calculating the actual raypath from the source to
the reflector and then back to the receivers.

r hl
ﬁ Ltpa - TesseralPro I = g
File Database Edit View Model Map Seissnic Bun  Help
P DD C BNEo HE - @R QAQa®RMmwE  mE
5 7 |l ‘ S|+ 240 [30[ W ] 55 = 2P| L]
A B S
2000 2500 3000 35600 400:&5 2000 2600 3000 3500 2000
" |00 400 |F 400 400
800 00 |v 600 800 § —
4] —
For Help, press FL With Trace real raypaths Without Trace real raypaths W

e Separator (account the boundary overlapping) — If the boundary is
fragmented by the overlapping polygons, the calculations for each piece of the
boundary are done separately for all receivers and sources. and they ray paths for
each compartment will be colored differently.

e Loop — Up to 3 reflection raypaths are calculated for each pair of source and
receiver.
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ﬁ litpa - TesseralPro lilﬂlﬂ—hJ

Eile Database Edit View Model Map Seismic Run  Help

P DR DE T HE - BE A A R |
A x| =l 1 =0 Ha | x| e | 2h L

A -

1800

1850 1900 1950 2000 2050 2100 2150 2200

S
el

Two reflection points for each pair of source-receiver

Synthetic seismograms creating: STEP 1: Create Velodty Model > || STEP 2: Acquisition Geometry > || STEP 3: Run modeling > ”

For Help, press F1
L

Group Sources — Please select the sources for which you would like to run the
ray tracing. The parameter Every (receiver) determines the step in receivers
for each source.

Group Time: P-time file, S-time file — For the ray tracing, you can
use the files of travel time that were previously calculated by any finite-difference
modeling method (the command Run > Run modeling).

Use Anisotropy - Please check it if you want to take into account the
anisotropy during the ray tracing.

NOTE: The anisotropy parameters are specified in the dialogue box for specifying the
parameters of the model layers. Please select the command Model > Edit Polygon,
and then in the dialogue box Polygon Properties, click the button Anisotropy &

Other Properties.

Group Model — By default, the option Generate before ray tracing is
checked because calculation of the model may be long (if the velocity for the model
polygons is calculated by well log curves). If the model has not been changed since
the last ray tracing or modeling, the new model calculation is not required and you
may leave the checkbox Generate before ray tracing unchecked.

The button Default isto set the default parameters and file names automatically.
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7 3D Seismic Survey Design and Planning

3D survey design in Tesseral Pro can be done manually or a survey can be loaded from standard SPS-
file.
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7.1 3D survey

First of all you need to create a frame Map with topographic background taken from picture (see 7.1.1).
If you create a 3D survey design manually, you should use the option Map/Acquisition

geometry to choose the pattern and basic parameters for 3D survey (see 7.1.2). Use Map/3D

survey modes menu command to adjust your design parameters and layout to match the real
topographic map (see 7.1.3).
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7.1.1 Load Map using backgroud picture.
Command: Map/Create Map (new frame).

Create new Map il

—WWIZARD

Load TXT or GRD-surface files =

Show database WELLS >

Acquisition Geometry =

Select background FICTURE =

Inthe dialog Create new Map, press Select background PICTURE Of Load TXT or
GRD-surface files (See section 14 for the latter). Choose the picture file with the desired
topographic map. Tesseral Pro supports the following picture formats: BMP, JPEG, TIFF, GEO-TIFF,
GEO-JPEG with coordinates in TFW, JGW files.

© Tesseral Technologies -User Documentation- 156



® | Background Picture a

Picture file | C:\tmp\2019-05-01\4pic\Sample Geotif.tif | ’ 4\

Horizontal Vertical
Point "1": | 700603.458539639| ; | 5681103.81984434| m ‘ Delete picture ’ =
Point "2"4 709290.957856433 ; 5676204.8540642 m
‘ Cancel

Hoo iiBnse 1o SQM v| Convert COORD ‘ L

w

th. e e - VL XN EVPRRRZR P D PYER-ZRBA col RS AL TS S « MRPPSE VRIS - - L e PO TS L |
e 2

You need to input coordinates for two base points in the Background Picture dialog to align this

picture with the real topographic map. You can move these points manually in the lower part of this

dialog using the mouse. For example, when you click mouse and choose Point “2”, the

Horizontal and Vertical edit boxes become enabled for inputting applicable coordinates. The

same will be true for Point “1”.

If the picture coorditate system is different from the project one, specify it using the dialog called by the

button Convert COORD.

The result:
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%

o

SIFIFFFIFIIFIFIIIIIIFIFFFFFFFIIFIIFIFIFFFFFFFFIIIF IV IFFFFFFFFIFIIIIFIIFFFFFIFI

702 703 704

\\\\\\\\

NOTE: Please remember that map axis’s orientation can be specified in

the File/Project Propertiesdialog:

F ™
Project properties ﬁ

i removed from the project. You will need to calculate or import them again. f

Units of Measure

Distarce [m v] Welocity [mfs '] Drensity [kg.-’m"S V]

[T] Select Fields far the Project [for Map Frames)

[ 65535] General [m)
[ EBA38] Gorobeivekoje (i)

If you change e jentation or the sele >l maps are

GeoRuler Parameters

Reference Point Coordinates :

E asting of Paint [m] 1] Marthing of Point [m) 1]
Central Meridian of the Projection [degrees] 1]
Elipsoid [WES84 (GPS) -
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In Tesseral Pro the background picture for the map cannot be rotated to 90°, but it can be
mirrored in relation to vertical/horizontal axis (flipped). Because of that, you put
coordinates of base points in Background Picture dialog notas X and Y values, but
as a distance along vertical and horizontal axis.

To add more background pictures and/or specify their coordinates select a frame Map by left mouse
button click and call the command Map/Edit Frame Properties.Inthe Map Properties

dialog press the Background Picture button in the Background group:

Map Properties X
Size
Edit top title Font... Work area...
k Width 363 | mm
i i Palette...
Edit bottom title Height 146 | mm Project Properties and
Background... Coordinate orientation...
Layers Geographic Coordinate System
Active Layer Draw Ruler
[«] Draw Grid
[] Show Grid (fill color)
Cartesian Coordinate System
| Draw Isoline Font height (%) |50 = Properties
ght (%) P Draw Ruler
Show values in the well Font height (%) |80 = Color Draw Grid
Database wells Background

Well Title At collar e @J picture Background PictD

[ ]show geo map

Draws Well Inclinometry Inclinometry Properties
D[Jraw Log Log Properties -
Acquisition Geometry
Draw Survey Geomet|
Seismic plan view [ - B
Scale: |Yes Source Receiver

[ ] oraw Seismic frames plan

[ ] oraw sources from seismic file Load

In the appeared dialog one can select and setup one or several background pictures:
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Backaground Pictures (Maps/Photos) e

C:\tmpl2019-05-01\4pic\Sample Geotif.tif

C:\tmp'\2019-05-01\4pic\Sample Jpeq.j

Add... Edit... Remove Remove all 0K Cancel

Multiple pictures (usually either 2 or 4) are used at the junction of cards or photos.

If you want to hide the background picture and not show it in frame Map, you should use

Frame Map Properties, and uncheck Show Picture.
To remove background picture press Background Picture and then click either

Remove Or Remove All.

Now you can use the created Map frame for the 3D survey design.
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7.1.2

Choose 3D survey design.

Select the Map/Acquisition Geometry menucommand.

Type of 30 survey design

) orthogonal

() Template Repeat
() Diagonal

() Shot in Brick Pattern

O Cross

() Load Survey from SPS-flles
() Load Survey from 5GY-flles

(_JvsP azimuthal
() V5P Radial

() vsP (1 source)
(I VSP {form SPS)

(®) ysP Orthogonal

Select SPS-files =
Select Seg-¥ file =

0K OTmMeHa

3D Survey Layout Recording Patch  Survey bearings

(") Marine Flank

Add to current
D geametry

MPHMMEHKTE

Tesseral Pro can support different types of 3D survey design.

1)

2)

Orthogonal

Shot in crankshaft pattern

I S 200t SIS Sadt SISt S Abt SN
. - - - - - - - - - -
4 - - - - + - - - - +
b et 4 bbb d bbbt 4 b daadd bbb d +*
* - - - - - - - - -
- - - - - - - - - -
4 - - - - - - - - &
+ haadsd baaasd haasad basasd L aaa s d
. - - - - - - - - -
4 - - - - - - - - -
+ - L] L] L] * - . » » *
P b aaasd b adaa d haasad b adas d *
. - - . - . - - - - .
+ - L] L] L] * - - » » *
- - - - - - - -
} - - - - ; - - - - ;
+ - L] - L] * - - L] -
- - - - - - - -
Mw ----- MMM -------
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3) Diagonal

Load survey from SPS-files (see 7.1.8)

4)
Load from SGY-files (see 7.1.8)

5)

.
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+
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Lee? ey,
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o ot ety fey e,
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) ¢ o . s 0
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i b foF
} oo N )
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V'SP orthogonal

8)
Marine flank (see 7.1.3)

9)
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including the “flip-flop” type:

dH t + 4+ 4+ 4 4 4 4+ &
M ¥ T T TN

* & & & & 4 & 4 b &
EE S S

B+ ¢ 4+ 4+ ¢ 4+ 4+ ¢+ &
¥ * ¥ ¥ TN

PSS S S S S S 'Y
%+ F F F F F FFF
Ereee e g :
PRI IR IR IR IR IR IR )

HEZE JIE I 2 I S O

[T - &
PN SN  N NEN N Y
- N0 N N K SN N i i

[T - &

[T - &

...and several other.

In the 3D Survey Layout tab you can specify the increment between Shot and Receiver Lines
and their stations.

|Acqui5iti0n Geometry * l
Type of 30 survey design 3D Survey Layout  Recording Patch  Survey bearings
Shots

Line increment
Moshift
Station increment

Line increment

m Depth of Recording m

Station increment

Receivers

|
QK MpyMEHUTE Cnpaeka

NOTE: the additional parameters right from the first column of increments depend
on the survey type.

Inthe Recording Patch tab you can specify the number of receivers engaged with every shot. In
Inline receivers group and Crossline receivers group You can specify the number
of receivers nearest to a shot which fall into this group. If you choose the By Distance group you
need specify the Radius of the circle which will enclose all receivers around the shot point.
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-

Acquisition Geometry ﬁ

Type of 30 survey design I 3D Survey Layout Recording Patch l Survey bearings I

" By group
Inline receivers group w
Crossline receivers group 20 3
¥ By distance

| Radius of the cincle 1000 m

|| cancel | | Heb
- 2

NOTE: You can design recording patch of any shape using options Remove
Receivers from Shot and Add Receivers to Shot. These options can
assign receivers to a recording patch. In this case the Recording Patch dialog of the
Acquisition Geometry Yyoucanclick Use mask,and Inline receivers
group andCrossline receivers group Will be ignored and a newly designed
recording patch will be used for the whole survey.

In Survey bearings you can specify the dimensions and direction of 3D survey.

Acquisition Geometry il

Twpe of 30 sursey design | 30 Sunsey Layoutl Fecaording Patch  Survey bearings |

ORIGIMN {0:0): Xheg. IWSSDD i} Y heq. IEEQDD m
INLIME: Lenght IEEDD| m Azimuth |*48 deg
CROSSLINE: Lenght (3000 m Azimuth  [+90 ¥ | deg

oK | Cancel | Aol Help
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Result:

i== map - TesseralPro .__J_.I- O ._X_l
Fle Database Edit View Model Map Seismic 3D View Run Help
AT IEEE =Y =R R & & @i ~|EE |
A2 NG EE e 405 & g8 M« [AEEY 38O
Em A ~
=100
Em Y
5 s
8D X
13 14 15 16 17 18 19 20 21
{26
--+125]
o124
123
122
13 14 15 16 17 18 19 20 21 i
4 > v
« ||« | )l_'
Synthetic seismograms creating: STEP 1: Create Velocity Model > " STEP 2: Acquisition Geometry > || STEP 3: Run modeling > " Hicle I
point: 216 x 94 mm, O frames selected [ [ [ [ 7

NOTE: The coordinates of the 3D survey“s Origin Point (X beg., Y beg.),
INLINE/CROSSLINE Length and Azimuth can be assigned “visually” in the Map
frame using Map/Section Mode command. Draw a profile line using left mouse
button (click- draw-release) and open the Map/Acquisition Geometry dialog. If
you are creating a 3D survey for the first time the direction of this survey will coincide with
the direction of the line which you have just drawn. If you want to change the dimension or
direction of an already created survey then using the mouse you need to select the
command Map/3D survey Modes/Moving with rotation. Seethe
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7.1.3 Marine surveys

For marine surveys the configuration of the source-receiver geometry can be specified in the Seismic
system deployed from the vessel.

Acquisition Geometry X

Type of 3D survey design 3D Survey Layout Recording Patch  Survey bearings

O Orthogonal O vsp Azimuthal © Marine Fiank
(O Template Repeat (O vsP Radial

(O Diagonal (O VsP (1 source)

(O Shot in Brick Pattern (O vsP (form SPS)

(Ocross (O vsP Orthogonal

(O Load Survey from SPS-files Select SPS-files > 0 A %6 et
(O Load Survey from SGY-files Select Seg-Y fie > | geometry

OK MpuMeHnTD Cnpasxa

Acquisition Geometry X ‘

Type of 3D survey design 3D Survey Layout Recording Patch  Survey bearings

Shots

Line increment m Distance between shots
Station increment m

Receivers
. 20
Distance between cal 200 m Seismic system deployed from the
vessel
Station increment 50 m

OK MpUMEHTD Cnpasxa

The parameter Distance between shots isused to specify the distance between the two sources
(water guns) of the “flip-flop” marine surveys. If the only water gun is used, set the distance to 0.
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The Free Cable option allows the user to maintain the recording patch stationary for all sources
along the Inline direction. The Frequency of Moving specifies the frequency of the recording
patch displacement along the Crossline direction. For instance a frequency of 2 means that the recording
patch would be displaced for every second source in the Crossline direction. The Moving Step isthe
displacement step of the recording patch along the Crossline direction for each consecutive source along
the same direction. So aMoving Step of 200 would mean that the recording patch would be
displaced 200m for every source (i.e. if the Frequency of Moving =1) along the Crossline
direction. The Start Position specifies the starting position of the recording patch (i.e. the
position of its lower left hand corner for a zero azimuth). So for example a Starting Position for
Inline=0 and Crossline=0 means that the starting position of the recording patch would be at the
lowermost left hand corner of the 3D survey, as shown below.

Seismic system deployed from the vessel lﬁ

Seismic cables

Number of cables 4] =
Distance between cables 200 m
Cable length 500 m
Step between hydrophones 50 m
Free Cable
Frequency of Moving 1 =
Moving Step 50 m
Start Position: [ align Centre

Inline: 0O m Crossline: 0 m

Source (air-gun) position

Distance from the source to -
50 m
cables
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i R
Acquisition Geometry u

Type of 30 survey design I 3D Survey Layout | Recording Patch | Survey bearings

ORIGIM (0:0): ¥ beg. 1180.9 m ¥ beg. 1106.3 m

IMLIME: Length 1800 m azimuth | 0| deqg

1 CROSSLINE: Length 2100 m  Azimuth deg

'l
i
i
' | ]
ok || cancel || ooy Help )
— T il  — )

B Ve Sy
Eile Database fdt View Model Map Sesmic 3D View Run Help
P o2 ST HEB %R BABRQUAQAR > - W | e

sx NQE RS FekE@aF s CHEY DR E00 ) xR
3 A

&Qééha

Synthetc sesmograms crestng: | STEP 1: Create Veloaty Model > || [ STEP 2: Acqusiton Geometry > || [ STEP J: Run modeing > | [ mee |

infine 7, crossline: 1, 2000,0.] 16929 Y=37603
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7.1.4

Move and Rotate 3D survey.
TheMap > 3D survey Modes > Moving with rotation command is used to correct the

3D survey positioning on a map. Use left mouse button (click- drag-release).

_ Drag to increase or decrease

¥ length of Crossline
X Use this point to rotate
1/ s 16 17 13 13 20 y survey (azimuth
% w4 /| change)
F I ere
25 e y =
Sliotineeiossbany stk H
E If you click inside 3D survey area, oletndodoadind
g ooniabuodund;
o S i you can move the whole survey ¥ -
y !ay_c:jut L;‘p-c’:/cllwnfand left-right Drag to increase or decrease
Z inside the Map frame. i
7 p 100 0 length of Inline
G 7 T7
73 S‘N’ o " o frodrodedradinde . DT ae!
INEINE: 52000 ] god /
14 15 Th 18 13 20

Another mode of the survey move is its vertical projection on the day surface, a selected horizon or a

plane of the specified depth. The Map > Set Shot/Receiver Depths command is used to

implement the operation:

(@) Fixed depths :

() Depth from map :

Positions in Plan

Set Shots/Receivers Depth

X
Shntg Receivers
0 ]
D3 : Bottom

() station projecting (fixed XY)

(@) station chaining (Y can change)

oK

Cancel

There are two methods of the vertical shift: the station projection preserves horizontal

coordinates of the stations when the station chaining limits max distance between the neighbor
single line stations along the target surface and hence may shift the stations along the line.
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7.1.5 Edit Shot and Receiver Stations.
Option Map/3D survey Modes/Hide is used to hide not needed shots or/and receivers from a 3D

survey.
Shots / Receivers : Hide e
Shots [| Receivers
Radius |15 =
() select Group by Polygon
() select by Limit X 703499.25
O Select outside of |[pomb.td] i
OSEIect inside of | [pomb.td] i
() select All
Apply Cancel

The user has the option to hide shots and receivers by Eraser (where the eraser is in the form of a
circle with a specified Radius) by pressing the left mouse button, holding it and selecting the area
which is to be hidden. Hidden shots/receivers will not take part in the following 3D survey design.
Hidden shots and receivers will be not shown on the Map frame in most the edit modes. In some modes
they are by default shown grayed and crossed. The icon color, size and form can be fitted in the frame
parameters dialog.

For Select Group by Polygon apolygon needs to be drawn and all the shots and receivers
inside it will be hidden. In order to implement it simply use the left click mouse button to draw a
polygon around a group of shots and receivers. To start over the drawing click the right mouse button.
Once the polygon has been drawn, double click the left mouse button and all the shots and receivers in
the polygon will be hidden.

Similar options Select outside of..and Select inside of...use predefined
polygons from the selected static layer.
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You can also hide shots and receivers by specifying a limit along the X and/or Y axis:
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Shots / Receivers : Hide >

Shots Receivers

() Select by Eraser Radius 15

L

() Select Group by Polygon

(@) Select by Limit  |X 2500
() Select outside of [pomb.td
() select inside of  [pomb.td
() select All
Apply Cancel
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Synthetic seismograms creating: STEP L: Create Velodty Model > || [ STEP 2: Acauisition Geometry > | [ STEP 3: Run modelina > | Hide

Use Select Al1l to hide all shots and receivers.

If you want to bring hidden shots/receivers back into survey you need to use option
Map/3D survey Modes/Show. The same methods for showing shots/receivers apply.

© Tesseral Technologies -User Documentation- 172



i=r11ap - TesseralPro
File Database Edit View Model Map Seismic 3D View Run Help

PDsE2 S0 HE T 4 BRARQ B ~|EE | x|

Hidden area of survey

(not used in simulation) 17 18 19 20

AN EEIRE E 2E - AR | e s

=-Em A B
rov X

-St;§ 1 am 15 6 17 18 19 20

41 »||4

Synthetic seismograms creating:

STEP 1 Create Velocity Model > || STEP 2: Acquisition Geometry > || STEP 3: Run modeling > || Hide

point: 90 x 39 mm, O frames selected | | |

| 7

NOTE: If you want to use options Hide/Show separately for shots and receivers (for
example, to hide a group of shots, but to leave receivers there), you need to check
Map/Show Shots Or Map/Show Receivers respectively. As a result shots or
receivers will not be shown in the Map frame, and editing will be possible only for shown

elements (shots or receivers).

In order to increase or decrease the editing precision use the scaling option in the

View/Zoom command.
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Synthetic seismograms creating: STEP 1: Create Velocity Model > || STEF 2: Acquisition Geometry = || STEP 3! Run modeling = || Hide |
[ [ [#x=20320.0 [v=24567.6 7

By default the icons of sources and receivers (together called stations) are scaled by zoom like other
graphic elements. For better resolution, however, it is sometimes useful either completely cancel the
station scaling or significantly decrease its relative speed. It is done in the frame parameter dialog:
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Map Properties

Edit top title

Edit bottom title

Layers
Active Layer
[«] Show Grid (fill color)
Draw Isoline

[] Show values in the well

Database wells

Well Title At collar

Draw Well Inclinometry

|:|Draw Log

Seismic plan view

[ ] oraw Seismic frames plan

[ ]oraw sources from seismic file

Size

Width 133 | mm

Height o

Font height (%) |90 =
Font height (%) |80 =

Inclinometry Properties

Log Properties

Load

Font...

Palette...

Background...

Properties

Color

Background

[] Show picture

Work area...

Project Properties and
Coordinate orientation...

Geographic Coordinate System
[«] Draw Ruler
Draw Grid

Cartesian Coordinate System
Draw Ruler
Draw Grid

Background Picture

|:| Show geoc map

Acquisition Geometry

Draw

Scale

Survey Geometry

Source Receiver

Cancel

Here one also can setup the station icons in the dialogs activated by the buttons Source

and Receiver:
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source Point Visualization Options hed State :
>
State : | Active — |
100% : hd 200% : hd

Symbol : | triangle down el |

Line color Line width : =
Symbol : [triangle down 4
Internal color Radius : 3 3 (r:?rt;tlzngle
rhomb
triangle up

Save as default 0K Cancel triangle down

The button Save as default remembers the station settings for further projects.

Below is a sample of alternative design created by the described tools.

ﬁ Untitled - TesseralPro

File Database Edit View Model Map Seismic 3D View Run Help

DS E|D ST B W
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H» R INE#| BB @40 &85 =« B4

iR ESO00 8RN

<

Synthetic seismograms creating:

STEP 1: Create Velocity Model > | STEP 2: Acquisition Geometry > | STEP 3: Run modeling > |

X=15172.3
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7.1.6 Change Direction for Shot and Receiver Lines

Using the menu command Map/3D survey Modes/Moving Shot and Receiver lines
you can change the shape for Shot and Receiver Lines in order to adjust them to real land topography. In
order to do that 4 types of displacements have been implemented: Cable Move used if you want to
reposition shot/receiver lines in a cable fashion (such as orienting the shot/receiver line along a different
azimuth), Point Selection to displace individual shot(s)/receiver(s), Line Selection to
displace the whole line to a different position while preserving its geometry, and Polygon
Selection whereby you draw a polygon around a group of shots/receivers and displace the whole

group to a different position.

Moving Shots / Receivers >

Selection Type
[]shots [v]Receivers
(@ cable () Point () Line () Polygor

Change Src/Rec (Only VSF)

well: e

Select Apply Cancel

The following example illustrates a Cable, and the same principle applies to selection

Point and Line modes.

To show this example without obstacles, the background picture has been hidden (in dialog Frame
Map Properties we clicked off Show Picture), Receivers were hidden as well (clicked off

Map/Show Receivers).
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After the creation of the first 3D survey each Shot/Receiver Line has two “anchor” points which tie a
line to its plane position. So you can:

Change the “anchor” position using the left mouse button (click-pull-release);

Remove an “anchor” by double clicking of the left mouse button;
Add a new “anchor” - click the left mouse button at any shot point.

The same can be applied for Receiver Lines:

Shot and Receiver Lines can be moved independently or together:
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For Polygon Selection simply use the left click mouse button to draw a polygon around a group
of shots and/or receivers. which need to be moved. Right-clicking interrupts the process of drawing a
polygonal border, and double-clicking completes and saves the border drawn. After double-clicking,
press the right mouse button and, without releasing it, move the mouse. The program will display the
moving group as a described rectangle. Move it where you need and release the mouse button. The
group will move to this place.

$58 Encountered an Improper Argument tps - TesseralPro o BEE

Fide Database [Edit View Model Map Sesmic 3D View Run  Help

Po@E (2 BT B % 7 - | | e

» > [N &[5 2 F  4 0= 5| & (BB 2, [
i X

[& B (Moving Shots / Receivers

« B

=]

‘@ dlion Type e 0+ 0 0 0000 00t bo b b

; [shatmiARaceers RIS | 4 ¢ 6 6 e eie s eise s 6 s b s oe 68 e s

18| @0t Opont Otie OPoygor ~~~ |[* ® ® o 6 o 60 o s 0 s 0000000 oessssad

...........................
Change Src/Rec (Qnly VSF)

...........................

POIRRCRIIIDIOBDIDBDOD -

x=5000 V6244

Station coordinates and numbers

Use the context menu command Shot/Receiver Coordinates in the Survey Line mode to show
coordinates of a station selected by a left mouse button click:
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Selected Shot/Receiver Coordinates e
Map SPS
%: | 357836.8 2400 7:| 0
v | 241220.5056 20000 Sat
Position # : 3163 Line # : 26
InlineID: -1 HlineID : -1

The dialog is floating (hon-modal) and you don*t need to close it to see coordinates of another station.
The coordinates can be changed and remembered by the button Set. The change will result in moving
the source or receiver in the specified coordinates.

Position and Line are formal sequential numbers that do not depend on the location of the station
and inline/crossline numbers in SPS. The position number is a sequential number for continuous
numbering of sources or receivers (i.e. without taking the line into account). It is not affected by either
moving or deleting (or, more precisely, disconnecting) some stations. The same is true for line numbers:
they are sequential and do not change if some lines are disconnected. Well, the station identification
(inline/crossline numbers) in SPS is displayed by the ITn1ine IDand XLine ID parameters. The -1
values of these parameters, which you see in the previous figure, simply mean "not defined". They are
defined from the very beginning only for layouts loaded from SPS or SEGY files. Otherwise, they are
set only at the time of exporting the layout to SPS.

The dialog does not disappear if you switch to another edit mode such as Zoom mode to
increase the survey resolution. Yet it stops working until the Survey Line mode is restored
by Map > 3D Survey Edit Modes > Moving Shot and Receiver
Lines or the correspondent toolbar button.

© Tesseral Technologies -User Documentation- 180



7.1.7 3D recording patch design.

First of all you need to specify a recording patch for each shot in Map/Acquisition Geometry
dialog inthe Recording Patch tab(see 7.1.2). Inline receivers group and Crossline

receivers group parameters identify the number of nearest receivers which will be assigned to the
current source.

You can change a shape of recording patch using mask and apply it for the entire survey. First of all you
need to choose a source in the middle of the survey. In Map/3D survey Modes/View Relation

menu command click the selected shot point. The chosen Shot will be highlighted with a red dot, the rest
of shot points will be shown as grey dots. Receiver points associated with the chosen source will be
colored in blue and the rest receivers will be grey:

=]
File Database Edt Vew Model Map Seismic 3D View Run  Help
P DEE 2 S0 FER 4w BE A& S W ][ | 2|
ElRE AR EADRE 1 YR e
A [

a0
S8
=

S8l
0-05-08-100- 00

oo

ool @ BB B B,
R 1

I %
Fely W A e S

o e e
RO

e SR B B SR e B B R
e R R R R R
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oo R B 8 8 8 B 8 8 8.
Srrggigng g B g g R

4 »
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Synthetic seismograms creating: STEF 1: Create Yelocity Model = || STEF 2: Acguisition Geometry = || STEP 3: Run madeling > || Hide | ‘
inline: 63, crossline: 9, [3100.0,1600.0] [ [ [¥=16373.5 [¥=22843.5 4

You can add or remove receivers around this shot point by using Map/3D survey Modes/Remove
Receivers from Shot andMap/3D survey Modes/Add Receivers to Shot
commands. These two commands behave similarly to the Hide /Show command (click- drag-release).

Example:
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Synthetic seismograms creating: STEP 1: Create Velocity Model = || STEF 2! Acquisition Geometry = || STEF 3: Run rmodeling = || Hide ‘

inine: 47, crossiine: 10, [2300.0,1800.0] [ [ ®=18752.8

Now you can pick any source inMap/3D survey Modes/View Relation and the group of
receivers allocated for that source will have identical shape. At the same time the Acquisition
Geometry dialog in the Recording Patch tab the “Use mask” checkbox will be automatically

enabled:

Acquisition Geometry »
Type of 3D survey design | 3D Survey Layout Recording Patch | Survey bearings
—" By group
Inline receivers group 20 5

Crossline receivers group 20 =

—{*¥ By distance

Radius of the circle 1000 m
' |
ok [ cancel | el Help
— T —— = — ]

In other words, the receiver patch is specified by the mask which has been shaped manually but not by
parameters Inline (Crossline) receivers group.
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7.1.8 Load survey from SPS-files.

Here is another useful way to create 3D survey using standard SPS-format. You can use the same
command Map/Acquisition Geometry.

’.ﬂu:quisiticun Gearmetry Type @
WIZARD

I-Il-- 'I' 'I‘

[ Orthogonal = ] re—ogera
e
mlﬁﬁ

[ Template Repeat = ] :x
AL

[ Shot in brick pattern = ] %

[ Diagonal = ] : E.

[ Cross ] +

[ W3P azimuthal = ] hg'::-
<8
¢-+ ° +¢

[ WSP radial = ] AP
+ ¥,

g

[ Marine Flank = ]

[ From 5P5-file = |

[ Fram 5GV-fle > |

Select Load survey from SPS—-fileand pressthe Select SPS-files button.

In the next dialog load the SPS-files for shots, receivers and their relation file.
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P o)

Load survey specification frarmn files @

Survey File Format: ‘autn detection "

aP31
SPS 2
SEG 5P
[ File of Sourc B
. shape
OnYPeoplet Y2, 501 P1/30
P1/11
[ File of Receivers, .. ]
CnYPeopletvril2.r0l
[ File of Shot-Receiver Relation. .. ]

CnYPeoplet Y2, x01

[ 5ea chservations Fast load

< Back [ Mext = ] [ Cancel ] [ Help ]

Check sea observations if the SPS describes a marine (offshore) survey.

Press Next> and the next dialog with the 3D survey loaded from these SPS-files will be
displayed.
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Prafile property display mode

Profile Start of the End of the @
profile line profile line
QEEDDDD/ EEBEIEIEIEII n lse mouse
=1 ' o ko draw a
= Z : l = profile
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= e =
= =
= =

Zoam
map
COORD
Converk

0000E96BS

20936 m

-1.1 deg

[Lenght,.ﬁ.zimuth - ]

[ < Back ][ Finish ] [

Zancel ] [ Help ]

You need to input coordinates for the ORIGIN point and the INLINE Length and Azimuth in this dialog.
This line is needed to make it easier to move and rotate the 3D survey which has been loaded from SPS
files. It is recommended to use mouse to draw the line on the map (click- drag-release). You do not have

to be precise with line drawing.

You can zoom in this picture by pressing the Zoom map button to view it at a bigger

scale.

There is also an ability to specify the SPS coordinate system different from the project

one. It is implemented by pressing the button COORD Convert:
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Coordinate conversion

Coordinate conversion To system

Input coord system

(@ xy

(J)GRAD

Input Parameters of Geographic Coordinate System

Reference Point Coordinates :

East of Greenwich

Central Meridian of the Projection

Elipsoid | WG584 (GPS) o

MADS3 (GRS 80)

MAD27 (Clarke 1866)
ETRS39

SK-42 (Krasovsky ellipsoid)

Ijl Morth of Equator Ijl
[ o

PZ-90 (GLOMASS)

G3K-2011

The dialog is similar to the oneusedin File / Project Properties to specify the project

coordinate system.

As soon as you finish loading the SPS-files, you will be prompted to Acquisition Geometry

dialog.

The 3D survey Layout and Recording Patch tabs will not be used when you proceed with the

Load survey from SPS-files option. Inthe Survey bearings tab the dimension
parameters will be ignored but the 3D survey geographical parameters are necessary:

Acquisition Geometry

Twpe of 30 survey design I 3D Survey Layclutl Fiecarding Paich  Survey hearings |

ORIGIM (0:0): % beg. |1033590 m  Yheq |134EBBD| m

IMLIME: Lenght |18588 Azimuth IS.S deg

CROSSLIME: Lenght |11954 Azimuth  [-30 ¥ | deg
Ok | Cancel I Al Help

Result:
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You can edit survey loaded from SPS-files using the commands Moving with rotation,

Hide, Show:
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7.1.9 Load survey from SGY-files.

There is also the option of loading the seismic survey from synthetic seismogram in SGY

format.

Acquisition Geometry

Type of 3D survey design | 3D Survey Layout I Recording Patch | Survey bearings |

B8

) Orthogonal

() Shot in brick pattern

) Diagaonal

“) WSP azimuthal
) YSP radial
) Load survey from SPS-files [ Select SPS-files = ]
@) Load survey from SGY-files! [ Select Seg-y file = ]

.

Select Load survey from SGY-filesand press the Select SGY-files>

button.

" Map

o, o™ o

Section
» beg. 5424425 m »end 5430428 m
Y beg. 74423898 m ¥ oend 74423898 m

1] Uze left mouse button ta draw model profile on the map belowvs
2] U=e right mouze button to select the an the map below a vizible rectangle

3] Reszize the dialog window to change the size of map below

5424000 5426000 5428000 5430000

000vyys
000¥rys

nooZrys
0ooZeys

5424000 5426000 5423000 5430000
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7.1.10 3D survey export to SPS-files.

The 3D survey created in the Map frame can be exported into standard SPS format. To do this use the
Map>Export to SPS menucommand. Select a source file name, and the receiver and relation files
will be created automatically. As the result you will have three SPS files:

e S01 —source; RO1 —receivers;
e XO01 — relation file.

Save Survey to Files 4

Output file path :

C:\temp'2021-09-15'spsitest02.s01

SOURCE Mumbers in the Qutput Files

(@) Apply next numbering : Use imported numbers
Line Mumbers Station Mumbers
() end-to-end serial numbers
start : | 2001
(@) inline numbers:
step : | 40 start © | 101 step: | 10

RECEIVER. Mumbers in the Output Files

(@) Apply next numbering : Use imported numbers
Line Mumbers Station Numbers
() end-to-end serial numbers
start : | 101
(@) inline numbers:
S start: |2001 | step: |10

0K Cancel

Furthermore, it is possible to assign inline/crossline numbers (different from the standard n=1, 2, 3, 4,
5...) to the shots and receivers in the exported SPS file. In order to do it, select Apply next
numbering for sources and/or receivers. Then specify the Line Numbers andthe Station
Numbers separately for sources and receivers. Set the values which correspond to each other, so that if
a source and a receiver are located in the same position, the shot line number is the same as the receiver
station number and the shot station number is the same as the receiver line number.
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7.1.11 3D survey export to KML-file.

The 3D survey created in the Map frame can be exported into standard KML format, which is the format
used for displaying objects used by Google Maps. To do this, please use the Map/Export 3D
Survey to KML menucommand.

£PS File Save [
File name Test-1 D

Parameters of Geographic Coordinate System

Elipsoid | WG584 [GPS) v

Zone 2 [from 1 to B0

Reference Point Coordinates ;

E ast of Greerwich [m] 0 Marth af Equatar [m] 1]

Central Meridian of the Projection [dearees] 0

[ OF. ] [ Cancel

Choose a name for the output KML files, the reference E11ipsoid, as well as the zone number. As the
result 2 KML files will be generated:

Sources.kmz and Receivers.kmz;
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7.1.12 Manage Static Layers.

In the map frame it is also possible to import static layers (i.e. spot boundaries) strictly for visual

purposes. The importation can be done from text file using a simple format: coordinates X and Y, then
the line number (as shown below). As well static layers are loaded from shapefiles and DXF (Autocad)

| static layer-2.txt - Notepad
Eile Edit Format Miew Helg
50 50 1
100 100 1
150 150 1
200 200 1
250 250 1
200 200 1
350 350 1
400 400 1
450 450 1
500 500 1
550 550 1
600 S00 1
650 650 1
700 700 1
750 750 1
800 800 1
850 850 1
200 200 1
950 950 1
1000 1000 1
1050 1050 1
1100 1100 1
1150 1150 1

In order upload a Static Layer select Map > Manage Static Layers > From File.The
program shows dialog which allows one to specify the static layer coordinate system if it is different
from the one of the project (to do it check Coordinate conversion To system and specify

other coordinate system parameters of the imported file):

Coordinate conversion

ECnnrdinate conversion To system

Input coord system

(@ xy

East of Greenwich

() GRAD

Reference Point Coordinates :

Central Meridian of the Projection

Ellipsoid |WGS84 (GPS)

Input Parameters of Geographic Coordinate System

Morth of Equator

[ 9]

OK

et
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After importing the static layer you can select View and edit the properties of the line.

Static Layers l&]

Loads Static Layers: Reload

[ —

Isolines Properties ﬁ
Lines
Width: a 2 pixels Example
_ o
@ zolid
) Fant...
- e
./ no Step: B 2 cm
Filling
@ - I WA T A
[ k. ] [ Cancel ]

You can also rename it (using Name), add an additional static layer (From File...)

or delete any of them (by selection in the list and using Delete).

The button Info shows the area covered by the selected static layer:

© Tesseral Technologies -User Documentation- 192



Static Layers Info >

[settements.shp]

Xmin | 11977620 |

Xmax | 12009904 |

Vmin | -5658239.5 |

Ymax | 5529376 |

Cancel

If before OK one checked Set to Work Area then after exiting the Manage Static Layer dialog the
map area will be changed by the static layer rectangle.

Once done, press C1lose and click mouse in the map frame. The new/edited static layers will appear in
your map.

193
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7.2 Coordinate Reference Systems Options

Please note that multiple coordinate reference systems are available in the frame Map, and they are based
on the following ellipsoids: WGS-84 (GPS), NAD-83 (GRS), NAD-27 (Clarke 1866), ETRS-89, SK-42

(Krasovsky), PZ-90 (GLONASS), GSK-2011.

In order for the chosen reference coordinate system to be displayed, it is necessary in the Map> Map
Frame Properties> Project properties.. toset non-zero coordinates for Easting and

Northing of Point (i.e. upper right hand corner of the map) for the chosen E11ipsoid. And
also to set a value for the Central Meridian of the Projection (degrees) of the

ellipsoid, which is conventionally set to zero.

Project properties x|

Digtance Im vI Welocity Im,-'s vI [renzity Ikg,-'m"S vI

|' [Inits of Meazure

[ Select Fields far the Project [for Map Frames)

15:35] General [m]

[ £5535] Garobeivskaje [ft

— Coardinate Syztem
u 4 T, ]
= T r r#
= T —t i
by o —— =, B ——
s c Ty s ol
— i3 Te—t1 ®

|f you change either the axes onentation or the zelected field set, all maps are
removed from the project. v'ou will need to calculate or import therm again.

— GeoBuler Parameters
P——

Reference Point Coordinates

E asting af Paint [m] I 0 Marthing of Foint [m] I 0
Central Mendian of the Projection [degrees) I 0

Elipsaid |'/G554 [GPS) |

Cancel
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7.3 Survey planning
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7.3.1 Fold Map menu and toolbar.
The planning can be accessed in one of two ways:

1) Inthe tab manuMap => Fold Map

| Seismic 3D View Run Help
é Create Map (Mew Frame) g
"

H;" A Map Frame Properties...

@@l@@l,”%
& e i Bl @

o000 S#E4E # B
oO00 SE4E * B
oOoD0 SEeE & B
oOoocO +@em L2}

— % Calculate Horizons by Well Tops...
| &5 Manage/Delete Maps...
Active Map *

Section Mode
@}\ Zoom Mode
Mowve Mode

3D Survey Modes *

| f:' Acquisition Geormnetry..,

’T Show Shots
’T Show Recervers

Export 3D Survey to 5PS... @ Show Bins Grid
Export 30 Survey to KML... @ Show Folds Map
> Zoomn () Show Offset Distribution Map
5% Zoom 0ut G Show Azimuth Distribution Map
[=] Zoom to Fit ﬁ Faold Display Options
’T Isometry E Bins Gnd Statistics
[y$ Bin Statistics

Praofile 4

é Transmit Horizons to Model
Extract Profile from Model

- Load Well Logs

O 1+ Fraata Walneibe Madal ~ ]| [ &TFD 7+ Acmicitinn Canmatrs = ]l [ =TFD 2+ Dum mndaline ~ ]l

2) In the quick access toolbar

Bl @ O W ® & b b

ot

The following attributes can be displayed for any 3D seismic survey:
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— Fold Calculation Properties

- — Displaying all bins by selecting show Bins Grid

ot

— Displaying the fold by selecting show Fold Map

— Displaying the offset distribution histogram for every bin by
selecting show Offset Distribution Map

— Displaying the azimuth distribution for every bin by selecting
Show Azimuth Distribution Map

— Setting the display mode for the map by selecting Fold Display

©
e
@
@ ool
[
1%
il

- Displaying the survey bin statistics by selecting show Bins Grid
Statistics

- Displaying the information for a particular bin by selecting show
Selected Bin Information

— Showing graphical statistics for the fold map by selecting show
Plot Statistics

© Tesseral Technologies -User Documentation- 197



7.3.2 Fold Calculation Properties

-

Fold Calculation Properties

Bin Size
Inline Bin Size 25
Crossline Bin Size 25
Inline Bin Count 40
Crossline Bin Count 40

Auto Fit

Extent
Top
Left 1000 Right
0 1000
0
Bottom

all

] [ Mouse Selection ]

Recording Patch
@ Relations from SPS-File

(71 By Group

20

5
(7 By Distance

500

Lirnits
From To

[Coffsst |0 559,01596
[ Azimuth | 0 = | 359

Make Offset/dzimuth Limits Exdusive

oK ] [ Cancel

The dialog is divided into four parts:

First Bin Size, where you can adjust the size of the grid for calculation. There are three ways to do
it: the first - to set the length (Crossline Bin Size)andthe width (Inline Bin Size) of the
bin, the second - set the number of binsinthe X (Inline Bin Count)andY (Crossline Bin
Count) direction of the planning area and the third - automatic calculation (Auto Fit). In this case

the length of the bin is equal to half the distance between the receivers and the width equals half the

distance between the sources.

Second, using Extent, you can set the scope of the calculation, i.e. determine which sources and

receivers will not be included in the calculation. This can be set in three ways: to fill in the appropriate
fields by clicking (A11) - to select the entire field, press the button (Mouse Selection) in orderto

select the area manually, after which the dialog box temporarily closes in order to allow the user to

select the boundaries with the mouse.

The image below, shows a selected region by Mouse Selection:
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The corresponding fields displays the coordinates of the selected area:

Extent
Top
Left 841, 38542 Right
103, 25131 859,341/
1561, 24780
Bottom
All | | Mouse Selection

Below is the calculated Fold Map within the boundaries of the selected area:
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The third part of the dialog is the Recording Patch. It contains three different types of source-
receiver relationships. The firstone is (Relations from SPS-File)-which preserves the
grouping from the SPS file, provided that the survey was loaded from SPS file.

Recording Patch

(") Relations from SPS-File

(@ By Group
Stations Count 30 =
Line Count 10 :
"I By Distance

200
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The second method (By Group) - set the number of receivers per line (Stations Count)and the
number of lines (Line Count). The above 30/10 scheme produces the following image:

The third method (By Distance) - which assigns receivers for every source within a specified
Circle Radius

Recording Patch

[ Relations from SPS-File

() By Group
20
5
@ By Distance
Circle Radius 500
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The above 500m Circle Radius produces the following image:

CHE
L]
L)
L)
DEEEE
&l
L]
I8l
| = |+
ISl
- L - -
i I 1 15 1] *
== =] D = I (%] B T=0 B (=] B =B (=] =] =] [*] [*
i 1] I ] | :
- - -

The fourth part of the dialogue is the Limits - with which you can limit the Of fset and Azimuth
for source-receiver pairs that are included in the fold calculation. If the box (Make Offset /
Azimuth Limits Exclusive) is not enabled then only sources/receiver pairs From <=
Offset / Azimuth <= To will take part in the fold calculation. If enabled, then only
source/receiver pairs From> Offset / Azimuth> To will be included.
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7.3.3 Fold Display Options

'3'3'3'3'311111111I12222222222555555555511?il-il.il-il-il-il-?.?.?.?.?.?.?.?.?.?.?.?I?E:E:E:EIE:E:I?E:EI\??TTTTT?TT?EEEEGEGESQQQQQ
R
¥
¥ 4
[i] 1
H r : 5
Fold Display Option )
Fold Map Offset Map
i@ Color and Value (7 Mo Calor
(71 Only Color () Color
| 71 Only Value () Min Offset 1
Azimuth Map (71 Max Offset
©) Mo Color (71 Mean Offset
() Color (") Median Offeet
(") Cirde Plot ) Offset Range
':'Df‘fSEttﬂ Az‘lmuﬂ‘l .:.Largest Gap
() Trace Azimuth @ Offset Variability

Line Increments:
Offset Azimuth

100 1 [ 0K ][ Cancel ]

1 1
|-:-}:-:-}:-:-}:-:-}:-:-}:-:-}:-:-}J:-:-}:-:-}:-:-}:-:-}:-:-}:-:-}:-:-}:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-}:-:-}:-:-}:-1:-}:-:-}:-:-}:-:-}:-:-}:-:-}:-:-}.

Fold Display Option - Dialog for setting the display mode for the calculated attributes (Fold,

Offset and Azimuth).

For Fold Map there are different types of displays: Color and Value — Fills the bins with the

appropriate colour from the colour bar and also displays their values.
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Only Value —Just the value is displayed.
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For Of fset Map the following display options are available:

No Color — Colorless scale. The x-axis of the histogram corresponds to the inline bin direction. The
scale ranges from zero offset on the left edge of the bin to max offset on the right edge of the bin. The y-
axis corresponds to the offset (the maximum offset occupies almost the entire height of the bin, and the
minimum offset has height close to zero). Gaps between the lines represent a discontinuous offset
distribution.

|’.\“|" |’ || \ ‘I“\ \ \|‘|

I L H\HHI‘ Al H|H“\‘ mii H|HHI‘ 2 H\
T (8 I “'H alll L A ‘H “T Al L
R T T A o T IR
TR O T O A O O
O T 1 o A YR
AR AN RN EEEn AN RN
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Color - Displays the “Redundancy”, i.e. the number of times each offset falls into the same bin. A
single offset has a colour corresponding to redundancy of zero. For more than 1 offset a color is assigned
to it according to the redundancy colour bar.

R o o I [
I I I I I I
° | : i ° | °
| i | i | o |
g N O | R T
| i | i | i |

I L] L1 I
¢ I [ he ] \ I ¢ ] | 1 s

Min Of fset —Fill the bins with the colour corresponding to the minimum offset. Max Offset —
Fill the bins with the colour corresponding to the maximum offset Mean Offset — Fill the bins with
the colour corresponding to the mean offset.

Median Offset — Fill the bins with the colour corresponding to the median offset.

Offset Range — Fill in the bins with the colour corresponding to the difference between the largest
and smallest offset.

Largest Gap — This option displays a color plot of the largest offset difference between any
consecutive offsets in each bin.

Offset Variability (Coefficient of Variation): This plot calculation is a relative dispersion
measurement in each bin. This will calculate the standard deviation of the gaps in the offset range and
divides the answer by the mean gap. This calculation can only produce a value for bins with at least 3
fold. Normalization is no longer performed. The lower the values in the color scale, the better the offset
variability The formula for the calculation is as follows.

H

Z(xs _f)z

i=1

5=
1

s= standard deviation of the offset gaps, formula shown below. x=offset gap (difference between
consecutive offsets in a single bin) n=number of offset gaps (15 fold bins have 14 gaps)
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The offset variability is then calculated as:
Offset Variability = s / mean of x (per bin)

For Azimuth Map the following display options are available:

No Color — Colorless scale. Showing "spiders", i.e. the distribution of azimuth directions of source-
receiver pairs that fall in each bin. “Spider limb” length depends on the offset.
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Color - Displays the «Redundancy», i.e. the number of times each azimuth falls into the same bin. A

single azimuth has a colour corresponding to a redundancy of zero. For more than 1 azimuth a color is
assigned to the “spider limb” according to the redundancy colour bar.
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Circle Plot - Concentric circles correspond to offset ranges, and the offset increases with
increasing radius. To change the distance between circles use the - Line Increment inthe field - in
the Offset tab.

Line Increments:
Offset Azimuth

——
100 120
* % * ES * * & # * * Ed £ * £ £ *
* * & ® * * * & E & ® & * £ k2 &
* E 2 & & & & * E3 * & &= & & & E 2 &
* & # # # £3 & & & # Ed # * # # #
#* & # # Ed #* & £ & # # Ed & # # *
* & * # * Ed £ * £ * * * * % * *
. E & & & * * E = & & * & &= &= &
* & # * Ed * & & £ Ed £ * #* # # *
#® £ Ed * #* * & £ £ # % Ed * #* #® &*

Offset to Azimuth — The midpoint locations for every bin are shown across an Offset vs Azimuth
grid. The offset is plotted on the axis X axis (ranging from min to max across each individual bin), while
the azimuth is plotted on Y -axis ranging from 0° to 360°, across each individual bin. To change the
offset increments change the Line Increments parametersinthe Fold Display Option
window. Each midpoint is indicated by an asterisk at its corresponding position across the Offset vs
Azimuth grid.
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Trace Azimuth —Filling the bins with color corresponding to azimuth colour bar, meeting the

criteria restrictions specified inthe - Line Increment tab for Offset. In other words, the Azimuth

is displayed as a function of the first trace greater than or equal to the specified Offset.
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7.3.4 Bin Grid Statistic

Bins Grid Statistics -contains statistical information on sources/receivers, surface area and
bins. It is possible to calculate the area for a particular region of interest in two ways:

1) Specify the fold range in Min Fold and Max Fold, and the total area for the bins
within the Min-Max fold interval will be calculated. Reset button resets the value
fortheMin Fold and Max Fold.

Area
Min Fold: g
Max Fold: 9
Min-Max Areal; 0.51 5q.km
Reset
r -
Su Statistics A 2
Shot Information Receiver Information 1
Shot Lines: ] Receiver Lines: 4]
Total Shot Point: 126 Total Receivers: 126
Live Shot Point: 126 Active Receivers: 126
Unused Shot Point: a Unused Receiver: 0
Shot Spacing: 50.00 m Receiver Spadng: 50.00 m
Line Spacing: 200.00 m Line Spadng: 200.00 m
Total Lenght: 6.05 sq.km Total Lenght: 6.05 sq.km
Shot Point Density: 126.00 fsgq.km Receiver Density: 126.00 fsg.km
Survey Information
Inline Extent: 1000.00 m Mouse Selected Poligon:
Crossline Extent: 1000.00 m Area: 0.00 sg.km
Areal Extent: 1.00 =q.km Mouse Selection
Bins
Inline Bin Size: 25.00 m Min Offset: 50.00 m
Crossline Bin Size: 25.00m Max Offset: 707.11m
Inline Bin Count: 40 Area
Crossline Bin Count: 40 Min Fold: 0
Total Bins: 1190 Manx Fold: 9
Total Traces: 3364 Min-Max Areal: 0.74 sq.km
THluminated Bins: a41
l K ] ’ Cancel

2) Draw the contours of the polygon using the mouse by clicking on Mouse Selection.
In the meantime the Survey Statistics dialog is minimized and the left mouse
button is used to draw a polygon. Once finished, click the right mouse button, after which
the Survey Statistics will reappear and the corresponding Area will be
calculated.
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The result:

Mouse Selected Poligon:
Area: 0.32 sg.km

Mouse Selection
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7.3.5 Selected Bin Informartion

After activating the option Selected Bin Information, click onany binand this will bring up

the Selected Bin Statistics dialogue with contains statistical information for that particular

bin. While in this mode you can switch between the bins and the Selected Bin Statistics

dialogue will change accordingly.

F

Selected Bin Statistics l

===

Median Offset: 291.55
Offset Range: 141.42
Largest Gap: 79.42

Offset Variability: 117,21

Bin Attributes
Mumber: 1120 Fold: 4
Centre¥: 662.50 Min Offset: 212,13
Centre¥: 312,50 Max Offset:  353.55
Mean Offset:  287.20
Dffzet Azimuth

®)

'707.11 INCRIMENT: 176.78

Show Spider

L [ E_

The dialogue consists of three parts: the first one Bin: its serial number according to the origin and the

coordinates of the seismic survey; second Attributes contains the statistics for that bin; and the

third part — the graphic statistics for the offset and azimuth corresponding to the No Color display

for both Offset and Azimuth.

Also there is a button Show Spider - to display all source-receiver pairs whose midpoints fall in a
selected bin, in the form of a spider. To turn off the spider display press the Hide Spider button.
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To exit this mode, you need to deactivate the Selected Bin Information.
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7.3.6 Plot Statistics

Plot Statistics -adialogue that displays the statistics for the calculated Fold Map using the
following graphs and diagrams:

O - Graph displaying the distribution of the Number of Bins with respect to the
Fold

@ - Graph displaying the distribution of the Number of Traces with respect to
the Offset.

% - Graph displaying the distribution of the Number of Traces with respect to
the Azimuth.

Mumber of Bins
300 400

200

The X-axis, depending on the graph, shows the Fold, Offset, Azimuth, and on the Y-axis the

Number of Bins or the Number of Traces.

@ diagram which shows the distribution of traces according to Azimuth and Offset.
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In this radial diagram - each circle corresponds to a particular offset. The scale of offsets is marked on
the axes X and Y. The radial lines represent the azimuth and each cell in the pie chart is colored
according to the number of traces that fall in each particular range of offset and azimuth.

E - Radial diagram which shows the distribution of the Number of Bins according
to Azimuth and Offset.

223

2

Redundancy

22

1

1

ooo1t 11

In this diagram, the X axis represents the Offset and the Y axis — the Redundancy (i.e. each cell is
colored according to the number of bins that have the same).
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% Display Options - Display options for graphs and charts

This button opens a dialog for optional display settings, where you can set the Increments for Fo1d,
Of fset, Azimuth, as well as change the display from line graphs (As Line Graph) to histograms
(As Bar Graph).

] Display Options. @1
Increments
Fold: 1
Offset: 50
Azimuth: 10

Display
(@ As Line Graph
(") As Bar Graph

Ok ] l Cancel

i = 4

© Tesseral Technologies -User Documentation- 216



7.4 Manipulation with Acquisition Geometry
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7.4.1 Changing position of Inline/Crossline axes

If, for some reason, the program does not correctly determine the Inline / Crossline coordinate system
when loading the observation scheme from the SPS-file, it is possible to change the location of the axes,

for example, as in the figure below. To do this, you need to activate the mode —(Shots /

Receivers: Moving with rotation), hold down the ctrl button and perform manipulation
(move, rotate, change the length of one of the axes).

Before After
rutat&here

5 5 : rotatghere
T I Tr ---I+++++++++++++++¢-+-9-§tﬁ ------

.:. M - - - ,.:. - - - - *

.|:. M - - - ,.:. - - - - 1:-
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N X E X T T TN W N AR *000000*0*0*00000*0*+

- - - - - ) L] - - * L

&+ * L] L] - 4 - - - - J-
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This function works only when the observation schemes are loaded from the SPS file; for schemes built
in another way, the function is disabled.
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7.4.2 Changing coordinates of the Shot/Receiver

To move the Shot/Receiver to the exact coordinates, you need to activate the mode |

- (Moving Shot and Receiver Lines) and then point to Shot / Receiver and click
the left mouse button.

R Y R
- - - '
- - - &
- - - &
T =
. . Section Mode
L ] L ]
* * foom Mode
L R O O
. . Move Mode
L ] L ] . .
. . Shot/Receiver Coordinates

Edit Frame Properties...

. - - *
'+++++++++§'§'f'§'+ """"""" “U

Then in context menu you need to select the Shot /Receiver Coordinates. A dialog will appear
with the current coordinates Shot / Receiver Map - coordinates of the map, and SPS - location in the
Inline / Crossline observation scheme, Z - current depth of the Shot / Receiver.

Selected Shot/Receiver Coordinates |-$;_hj
Map SPS
x: 600 600 z: 0
y: 600 600 Set

(s

If you need to get the coordinates of another Shot / Receiver, you can repeat the procedure without
closing the dialog. After changing one of the coordinates, you must press Set, then Shot /Receiver
position will change its location or depth. After receiving the desired result you have to close the dialog.
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7.4.3 Changing the depth of Shots/Receivers

E

H|
The button L -(Set Shots / Receivers Depth) opens a dialog, where you can set the
depth for all Shots / Receivers. There are two ways to get the depth value: the first is to set the depth
manually, the second one is relative to the selected surface from the list loaded into the project.

- -
rSet Shots/Receivers Depth &l
| [V shots ["|Receivers
(") Static Depth 0 0
@) Depth from Layer lPRECAMB(l)-IocaI.grd v]

[ OK J[ Cancel ]

After selecting the depth setting method, you need to determine what the depth of Shots or Receivers
will be assigned to, or both, and activate the corresponding flags. After selecting the settings, click OK.
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7.4.4 Placement of Shots/Receivers in Well

rmat&here

272

To change the initial placement of receivers in a well or to place sources in a well, use the menu
command Map/3D Survey Edit Modes/Moving Shot and Receiver Lines.Then,in
the appeared dialog select a well (from the list of database wells which belong to the selected fields and
include trajectory specification in the inclinometry table):

Moving Shots / Receivers >

Selection Type
Shots Receivers

(@ Cable ()Point (_)Line (_JPaolygon

Change srcfRec (Only VSF)

Paint: Action: Type:
Receiver Add - Below -
From: To: Step:
Well: |272 w
Select Apply Cancel

Start from selection of a station type in the Point list: either Receiver or Source.

Then use the list Act ion to select an operation: either Add or Remove.
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Selection Type
Shots Receivers

(@ Cable )Paint (_JLine _)Palygon

Change Src/Rec (Only VSFP)

Moving Shots / Receivers >

Maving Shots / Receivers >

Selection Type
Shots Receivers

(@ Cable (JPaint (_JLine () Palygon

Change Src/Rec (Only VSP)

Paint: Action: Type: Point: Acton: Type:
Add v Interval v Receiver ~ | | |add || mnterval
Receiver . . ) Add .
Source To: Step: From: Femove Step:
|n | |n | 0 5 0
Well: | 272 w well: | 272 v
Select Apply Cancel Select Apply Cancel
Then select a desired type of object in the list Type:
Moving Shots [/ Receivers * Moving Shets / Receivers e
Selection Type Selection Type

Shots Receivers
(@ Cable ()Point (_)Line () Polygon

Change SrcfRec (Only VSF)

Paint: Action:
Receiver Add
From: To:
0 | | 2800
Select Apply Cancel

The action Add supports the next objects:

1) Interval requires entering the first depth along well in the field From, the last depth of
the interval in the field To, and the depth increment from station to the next station in the

field step:
Frarn: To: Step:
1000 | | 1500 | | 50
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Shots Receivers
(@ Cable ()Point (_)Line (_JPaolygon

Change SrcfRec (Only VSF)

Point: Action:
Receiver Remove
From: To:
E | [z |
Well: 272
Select Apply Cancel




272

The result:

2) Above requires entering the last depth along well in the field To, and the depth
increment from station to the next station in the field Step:

Frarm: T Step:
0 | 1000 | | 50
The result:

272

3) Below requires entering the first depth along well in the field From, and the depth
increment from station to the next station in the field Step:

From: To: Step:
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The result:
4) Depth along the well is entered in Z:

L Y= Z:

0 0 1500

The result:

272

The action Remove supports the next objects:

1) Interval requires entering the first depth along well in the field From, and the last
depth of the interval in the field To:

From: To:
| 100 | | 700 100
The result:

272

2) Above requires entering the last depth along well in the field To:
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From: To:

v} 1500 100

272 \@
The result: '

3) Below requires entering the first depth along well in the field From:

From: To:
The result:

N

4) A11 meansremoval of all stations in the survey and does not need additional parameters.

Using the listed operations and objects one can form the combined surveys not covered by the basic set
of acquisition geometries (such as VSP with varying step, inter-well sounding, “inverse” VSP with
sources in the wells, combinations of surface observations with VSP, etc.).
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8 3D Ray-tracing

To perform 3D Ray-tracing in Tesseral Pro it is necessary to have a 3D Velocity Model in SEG-Y
format (see 13.4), reflecting surface in one of standard formats (see 14.1) and 3D survey layout (see 7).
You can see explanations on how to create a job and run 3D Ray-tracing in Chapter 8.

You can find some specifics of viewing modeling results in Chapter 15.
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8.1 3D Ray Tracing Modeling

To simulate 3D Ray tracing in Tesseral Pro, you need to create a 3D model consisting of a 3D velocity
Model in Seg-Y format (see 13.4), a reflecting surface in one of the standard grid formats (see 14.1) and
create a 3D survey layout (see 7).
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8.1.1 Previewing 3D Velocity Model

In order to preview the 3D velocity model as a SEG-Y file, the user can load it into the Seismic Frame
(see Section 13) and then display it in 3D View Frame (see Section 15).

To load the 3D SEG-Y file, choose one of the File > Load Seismic File Or Seismic >
Load Seismic File (New Frame) menucommands. Select the file in the standard File Open
dialog box, and in the dialog

“Select type of seismi

Flease select the type of seismic data in file

Model3D sgy

hModel or Migrated gather Gather ‘ WSF ‘ Raw Traces ‘

| don't know

choose ,,Model or Migrated gather™. Your choice is remembered and next time you load the same file,
you will not be asked.

The file will open in the new Seismic Frame.

File Database Edit View Model Map Seismic 3D View Run Help

P DEE 20 ENPI HE T w BE QAQR[0r | mE

AR BISI% % —— J— WNA[Hhs | 2 BE @ BrikE & @S
BT [<]
R =] ;
2N 3600 3800 4000 4200 4400 4600 4800 5000 5200 5400 5600 5800 6000
5555 [ i i i N i i i i i
=0

4000 | 4000

x 100 '200 " 300 '400 500 ' €00 700 ' 800 900 ' 1000° 1100 1200° 1200 1400 1500 1600 1700" 1800" 1900 2000" 2100° 2200 220" 2400 2500 2600 2700 2800 2900 000" 3100” 2200 3300 2400 2500" 2600 2700 2800" 3800

Len [0 100 “200 '200 "400 ‘500 ‘e00 ‘700 "800 "900 1000 1100" 1200 1200 1400" 1500" 1600" 1700" 1800" 1500" 2000 2100 2200" 2200" 2400" 2500" 2600 2700 2800" 2900 2000" 2100" 2200" 3200 2400 2500 2600 2700 3800" 2500

1000 1000

2000 2000

3000 3000
O | s -
Lo I BE
pojp:287 x 106 mm, 1 frames selected [

More details on managing and displaying 3D Model files can be found in Section 73.4

You can also display the same 3D Model file in 3D view. To do this, create a new 3D View Frame by
the 3D View > View Data Cube (New Frame) menu command. Inthe Add Items dialog
box, select the file you want to view:
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e . ==
Seismic Surfaces

06\Igor2\DUFPLEX_VELOCITY_ MODEL_newsort_revers.sg

[v wiells

0K Cancel

= Untitled - Tess eralPro - = —
File Database Edit View Model Map Seismic 3D View Run Help

PosE 2T (R0 B 2w BE QK Q @ =] e

= | = B T dTwele . N ° |@® DepthScale 4 ' * & ' ° T
Z Xl fnge (il 5 212 j oo j Bl&4 —}— &% & ‘(‘ Homontalscale T ——F— + & | %4 "‘
- p A B B
R =1 Data Cube A 'DUPLEX_VELOCITY_MODEL newsort_revers.sgy
N 3500 4000 4500 5000 5500 6000)
%5 [ = 1 j
-0 C
s e g D
Len [0 "200 "e00 ‘s00 “1200 "1500 ‘1800 ‘2100 '2400 ‘2700 ‘3000 ‘2200 ‘3600 ‘2900
1000 1000
2000 2000
3000 3000
<« E =l
o] if<] e
A

point: 260 x 124 mm, 1 frames selected

See Section 15 for details on 3D View options.

NOTE: It is not necessary for 3D ray tracing procedure to have the 3D velocity file loaded
into the interface. But this step is useful for previewing the file and making sure you choose
the right file for the simulation.
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8.1.2 Loading the Reflecting Surface

The reflecting surface can be in any of the standard grid formats (see 14.1). To load it, choose the File
> Load Map File menucommand. If a Map Frame is not created, it will be created and the file
loaded. Alternatively, you can use the menu Map > Create Map (New Frame) and in the dialog
box select “Load TXT or GRD-surface files”.

When loading surface, you will be asked about creating isolines. This is only for display

and is optional. After that, you will be presented with the Surface properties dialog:

Surface properﬁgs

Name lPRECAMB(l)-IocaI.grd

Surface type |top -

—Value interval -

Min (depth) 3040.378005044
Max (depth) |3380.944184191

Clipping _\]

Auto

—Gain (%)

1 i)

More details on the options in this dialog and on working with the Map Frame can be found in
Section 14. After you click OK, the surface is loaded into the Map Frame
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- TesseralPro
Database

Edit

3D View Run

File View Model Map Seismic Help _
(P oesr2c &SP HHE e %4 BB QR0 -|EE 2
A x NG [¢] EF 4 =05 &8
He A -]
=]\ L
; 3250 3200 310 3100 3050
%S " PRECAMB(1)Jocal grd
8c| —x
%

= v
e
e

=

O -

L

e

ﬁ
=

...
IT_

N
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8.1.3 3D Ray Tracing simulation
Before you start the simulation, you need to create the 3D survey layout (see Section 7).

Here is an example of a reflection surface and a 3D survey layout.

File Database Edit View Model Map Seismic 3D View Run Help
‘ & 5 | B3 888 | 7= | 54 % ‘ 9 1
P D W 2RI HEC 2 W BB Q&R R0 ~EEE e
— &= e R 3 N [ 0000 emem o B 000 908
A x| INQEH BE 4 0k & 88 % e« [FEEY PHEEBO
B A A =l
=T < < < < < < < T PRECAMB(1) Jocal gr~ < < < . < . <
ZIEN 3350 3300 3250 3200 3150 3100 3050
s | s i
(E PRECAMB(1)-local.grd*
Y x
1 2 3
SBOBO0OBOOOB OGO CUCRF OB L0 B OD OO BOLDBOOO
e SR OCOOROCOOROGOR O OY OGOROOORCOG COBOOCOHFOEGOROOO
0080008000804 080008000800080008000800080008200800080808000
= 00 0R0COBO00CRECG0R000RC00ROCOBOOOROdcBOOOB OO RO OBOCOBOdOROGO :
[ YO0E DOOR B . cobroe 520 3
ESod o000 ododooodo oo ocodoooodcdocodocofocopoesfodododo J‘_
- N»CCO O U O PO OCOROCOROOORFOOOROUORFO0OBOOCOROOO ﬁ <> SO¢
) OO"OC\( CUOCFOCCORFOCCOR OO OCCROUCEF OV R COOFOCOPOOC O AT 7 & Ty
’ 9§ oTRed020004000£00080004040000$000H000H000HAGOHO0O 5
S PO 0300030008 0008 0040 & 5 SOLROCOBOOOBOGOBOCO
90— LCOPOC OO QOP OO OO0 COOROCUORFOGOROO O e
COOROOC < < COCOP OO HFOOO PO BORD OO0 -
o 03 000B 00 BOCORO00ROEOBCOS
1 ; ¢ 1
2 R/
: - . /
o) 1 2 3 L]
[ [ | 2
For Help, press F1 /4

To start the 3D Ray Tracing simulation, choose the Run > 3D Ray Tracing Modeling.. menu

command. If you have not saved the project, you will be prompted to do so. After that, the 3D Ray

Tracing dialog box opens:
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3D Ray Tracing lﬁ

Input
Velodty Cubes

Compressional IPLEX_VELQCITY _MODEL_newsort_revers.sgy E]
Shear E] {optional)

Harizon File A0 Ray Tradng files\CCAT(2)_local.ard E] [Grid format Surfer GRD ']

Sources to compute

From #: 282 To# 282 [ All ] [Acﬁue ]
Region Cube
X min 35 m ¥max 3855 m Xstep 10 m
' rnin 35 m Ymax 4515 m Ystep 10 m
Z min 0] m Zmax 4070 lij! Istep 5 m
Set initial values from: Velodty Cube ] [ Surface (Horizon) ]
Output
Hlumination File Name  Qutputlimn,grd Rays File Mame  QutputRays.bet
Wave type [PS -

[] observe Attenuation due to Ray Divergence
Computation parameters

OutputFolder  ry Internet Files\Content. Outiook\3MOTZSY0\ ... ]

Mode: @ Predse; (7) Fast Threads per process  Max -

RN | | cancel

You can change the following options:

Output Folder Specifies the folder where the input files and the computation results are
stored.

Velocity Cubes Specifies the 3D velocity SEG-Y file used for the 3D Model (see
8.1.1). The Shear Wave Velocity cube is specified in case of PS wave ray tracing,
otherwise the Vs values are generated automatically according to Castagna’s equation
(i.e. the mudrock line).

Horizon File. Specifies the reflection surface file (see 8.1.2)

Horizon File Type. Specifies the file type used for the reflection surface. See details in
14.1

Sources to compute group. Specify the range of sources to compute. Input the range into
the edit fields or click the button All to compute all sources, or Active to compute only
the active selected source in the 3D survey layout (see 7)
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e  Region Cube group. Specify the 3D Model region for computation or use the button
From Velocity File or From Surface to set the region based on the corresponding
ranges in the files.

Also in this group, specify the computation steps. The X step and Y step determine the spatial density
of rays during the computation, while the Z step determines the internally used time step and
influences the number of links each ray contains.

NOTE: Do not set unnecessarily small values into the step boxes; doing so will
significantly increase the computation time.

o [llumination File Name specifies the name of the surface file where the illumination
map will be saved after the computation.

e  Rays File Name specifies the name of the file (or group of files) where the rays from
the sources reaching the receiver will be saved after the computation. The file name
will be automatically amended with the source index, and one file will be created for
each source in the 3D survey layout.

o The user can also choose to take into account the Attenuation due to Ray
divergence and select between 2 modes of computation Fast and Precise. For
the Precise mode Snell’s Law of reflection and refraction will be taken into account
and the rays will bend according to the elastic properties of velocity Cube File.
Inthe Fast Mode the incident and the reflected waves will remain perfectly straight.

Click RUN, and the simulation will start. The usual Computation dialog is displayed.

&5 30 Ray Tracing N (ssis=hi

Frogress

<< 3D Ray Tracing »> 00:00:29

Faint 2 of 1 Terminate
0%z y

Crwerall %
o || [ ][]

Clean
' [3000 .. 60007, step 10 -
Z[0..5000]. step 20
Clutput

llumination File Narme: Outputlimn.grd
Rays File Name: OutputRays td
Frepare data...Staring computations...

m

<<< 30 Ray Tracing >»> started at Sun Sep 15 22:38:06 2013

. 100% (Owerall: 25%2) -1 of 4. 0:00:27 elapsed.

234
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8.14 Viewing the lllumination map

After the computation finishes, the resulting illumination file is loaded into the Map Frame. (You are
prompted to generate isolines, this is optional).

tpa - Tes :
Database Edit View Model Map Seismic 3D View Run Help

Eile

) DR 2 ST HE S %N BB Q& @ -]/ e
A ) NQ B e 400 &% A n o [FEEY PR O
B A A =
B3N -
A 1500 1000
%S : :
BL Outputiimn.grd™*
< 13
<] 2] l
point: 154 x 84Frame Map size: 177 x 88 mm |7=0.496279 }Outputllmn.grd"* [X=3370.9 |Y=447.2

You can load the illumination map at a later time usingthe File > Load Map file menu
command. The file is located in the folder specified in the 3D Ray Tracing dialog (see 8.1.3).

Now you can display the reflection surface filled with the illumination map in the 3D View Frame. To
do this, choose the menu command 3D View > View Data Cube (New Frame).The Add

items dialog box appears:
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Seismic Surfaces

Outputlimn.grd Tap
PRECAMB(1)-local.grd Top

[v wells

oK /ICancel |

Cancel out of this dialog at this time (do not click OK).

The empty 3D View Frame is created. Now choose 3D View > Add Map > From Project.
The Add Surface From Project dialog appears:

‘Add Surface From Proj

All Layers (without already Layers to be added in the

Outputlimn.grd Top

cocl_|

In the left list (All Layers) select the reflection surface and click ,,>“. The Surface name will be moved
to the next list, Layers to be added.
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vAdd Surface From Proj

All Layers (without already

Layers to be added in the

PRECAMB(1)-local.grd Top

2000 3000

Outputlimn.grd Top

|

0ool

noog

DooE

Dok

1000 2000 3000

Click OK. In the Surface Properties dialog

Surface Properti

7!7 Filling by another surface
Palette

i@ Auto fitting by surface values

i Set own interval

(" Set general depth interval

[ Apply to all

oK

Mame ‘PRECAMB(I]-IUcaI.grd; Top
X-step 39.585¢ Y-step 45.2424

Palette...

Cancel

FiIIing By Surface

(" From file

(& From project

Outputllimn.grd; Top
PRECAMB(I]-IocaI.grd; Top
OK Cancel

Check the “Filling by another surface” check box, and then click “...”. In the Filling by Surface dialog
box select “From project” radio button, and then select the illumination map surface from the list below.
Click OK in both dialogs and the surfaces are loaded into the 3D View Frame.
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Elle Database Edit View Model Map Seismic 3D View Run HeIp

R u'|"n~\g§§m@sss\--a BEaQaa@oe - Fﬂw

A X |ange[5H 6 Ho o Hm|a - 'J— e, 8 & et ———— + &%
-E N A

g N e =
N
55 S
98 [

-

4 I |

point: 142 x 41 nFrame size: 159 x 92 mm

Please refer to Section 15 for instructions on how to adjust the 3D View display options (rotation,

zooming, etc.)

© Tesseral Technologies -User Documentation-

238



8.1.5 Viewing the rays

Choose the 3D View > Add/Remove Rays.. menucommand. In the Open File dialog select the
file with the ,,.bin" extension, having the name specified in the Ray Tracing dialog (see 8.1.3). By
default, this file is named “OutputRays.bin”. This file contains the catalog of all calculated rays during
the simulation.

The Add Rays dialog opens:

Select by 500 1000 1500 2000

/ (" Receiver

("~ Reflection Point

_____________________________________________________________________________________________

0061
0061

To selectrays push left mouse
button and move the cursor

nong

nong

To deselectrays push right mouse
button and move the cursor

0052
0052

0o0E

---------------------------------------------------------------------------------------------

oK | Cancel | 500 1000 1500 2000

0o0E

On the left, you can choose how you want to select the rays: by sources, receivers, or reflection
points.
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'Add Rays

1500 2000 2500 3000

2000

1500

1000

500

Iy T o

R e R T R

FEFEFFRFFFFFFFFFNFFFFFFEFFHFFFFFEFFFERFF

B R R R R R R R T R R A R R R R R R

T S P P B P S PP

o

Ty

[P S

L T

R

AP S S,

R R R R TR PR R R R A PR R R R R R R Y

FHFFYIFF ..L..-.. FHEHFFFFFFHFFFFFEPFFHNFFRFFEFFEREFFS

SRR S
SRR S

I I

2000

1500

1000

500

1500 2000 2500 3000

—Selectby

(~ Reflection Paint

(" Source
To deselect rays push right mouse

button and move the cursor

To selectrays push left mouse
button and move the cursor

Cancel

OK

v
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e —,

—Selectby

~ Source

" Receiver

To selectrays push left mouse
button and move the cursor

To deselect rays push right mouse
button and move the cursor

0K | Cancel

=

[8]N}

000

i

[8]N}

No0E

1000

500

1500

2000

(I YIYYITYTIIT I Y Y )

SN YT S SR
DO00

o0

oo

=g
Qoo

[slslelolelelel alslalaNelalatalale]

[sXsXeleleTolalotelotolelolatoRoleyololoLatnle]

[ Y - NP

500

Draw rectangle with
mouse to select points

I

[a]N}

000

006 &

Oo0E

Then select the rays you want to display in the 3D View. Depending on your choice in the left of the
dialog, you can select rays by sources, receivers or reflection points. Drag your mouse with the left

button pressed to select the sources, receivers or reflection points; if you want to exclude certain

sources, receivers or reflection points from the selection, deselect them with the same procedure but
using the right mouse button.

When you click OK, the rays from the selected sources, to the selected receivers, or with the selected

reflection points will be shown:
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Elle Qatase Edit View Model Map Seismic 3D View Run Help
)o@ 2C ESP0 BB % n BB Q& Q &fwx [ |
B R |ange[FH 6 Ho o Hm|a —y — o q[@Fiee + 3 + 4%
gf\ Data Cube
w20 N ==
----SSS
58
4
||\\II ‘lll’ /_?
l| ')“ v
AL ||||' ‘ i i
i (, i )
- 4 .'}‘
v
v
Mﬁ
"
L}:‘L
< » Ll
[« [ 2]
point: 149 x 60 nFrame size: 159 x 92 mm l //J

The project data tree allows to hide/restore visualization of the selected rays by the checkbox
Rays inthe tree folder 3D View.

=-CF 3D View
-3 Profiles
-ME3 Cubes
-[/1E3 Surfaces
-3 Wells
€1 Model

If you want to change the color palette, choose the 3D View — 3D View Frame
Properties.. menu command and in the General dialog click the Rays Palette button.
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General X
Top title Size
Width [mm]
Plane Font 3D Font
Height (mm)
Projection Rays Palette
® Perspective setby | luminance
() Orthogonal
offset
angle of incidence
Axes step E > mm reflection point
Cancel

Usethelist set by ofthe Rays Palette group to select an attribute to be presented by the ray

colors. Each of the attributes 1uminance, offset, angle of incidence isscaled from minto

max value among the selected rays and projected to the palette. (A ray has only one color according to
the relative value of the selected attribute.) The attribute reflection point is presented
differently: the ray parts from source to reflection and the ray parts from reflection to receiver are
presented by two different colors (the extreme colors of the selected palette).

The next dialog Palette (called by the button . . . inthe dialog Rays Palette) isused to change
colors and (optionally) to limit the correspondent value interval.

User scale

bagnitude within |1E.14111EID| |1EI.83I3914E= [~ Edit
Falette type From light blue to dark hlue j
Frorm browen to dark blue
. From light blue to dark blue
Glow (%) Frorm red to dark blue
100 Rainbow
Uniform scale (16 colors)
Black-and-white scale
rMonochrame
. Default Dipolar
[ Editpalete Default Incremental

175 14 185

Cancel

© Tesseral Technologies -User Documentation-

243



8.2 Source grouping for 3D modelling

The user can also implement source grouping (i.e. simultaneous shooting from multiple sources) for any
3D modelling method. In order to implement it, the user will first need to load a surface (see Section 14
) and build a 3D observation system (see Section 7). Afterwards select Run>Run 3D Modelling
and follow the instructions in Section 5. After specifying all modelling settings click Finish and Run
modelling.

Run Mcdeling ﬁ

The most impartant modeling properties is:
Modeling Procedure 30 Acoustic
Source 1 shot points
Shotgahter Record [0..4000], step 2
Wavelet 20 Hz, Ricker
Snapshots Mo
Enable GPU Yes
and others... [ < Back to Modeling Wizard ]
| RLM MODELIMNG | Quit
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-
ﬁ Meodeling in Progress... l = ‘ =l I’" A —
Point 231 of 231, 7% Accelerated by GPU (CUDA) Overall: 7%
i | Elapsed Time: 00:00:05 0
Y X
1000 1500 2000 2500 1000 1500 2000

ol- . . . . -{o| |ot- . . . -lo

] S S e A— R | = — T e esrresorensnes -

L= : h ; . S . ; 1 S

o . : ] : rof [ro ‘ : H o
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= X T ] ! 12| |2 E K H =

o ' ' ' ' o o ' ' ' o

g a e L s s 5 e

= b doranrmaneny rmesEne Loonseed al|8f--=------- Yo domarmane e =

e ) H ] : 2He : ' : =
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& e ersenses oo §sepsvs v || | [ e Bl eeanansn’ T =

= . K ) H == 3 K H =

o L L L L ol e : N h o

1000 1500 2000 2500 1000 1500 2000

flme ]

.. 1% (Overall: 1%) - 231 of 231, 0:00:03 elapsed.

.. 2% (Overall: 2%) - 231 of 231. 0:00:03 elapsed.

.. 3% (Overall: 3%) - 231 of 231, 0:00:03 elapsed. Terminate

.. 4% (Overall: 4%) - 231 of 231, 0:00:03 elapsed.

.. 5% (Overall: 5%) - 231 of 231. 0:00:04 elapsed.

.. 8% (Overall: 6%) - 231 of 231, 0:00:04 elapsed. = Clear Log

.. 7% (Overall: 7%) - 231 of 231, 0:00:04 elapsed. [

Click Terminate, assoon as at least 1% of the job has been completed. Once the job has been
terminated, locate the survey3d.txt file in recently created job folder and open it in Microsoft Excel.
The survey3d.txt contains the XYZ coordinates of every source-receiver pair of the designed 3D survey
(i.e. the coordinates of every trace) and the user will have to fill the entire ITnline and Crossline
columns with zeros. Afterwards, an identical Source Number needs to be assigned for the sources
that need to be grouped. For example if out of 100 sources in the 3D survey, the user wants to group just
5,thena source Number of 1 (in actuality it can be any number) needs to be assigned to all traces
pertaining to those 5 sources. In other words, every row that carries the Ssrcx; SrcY; SrcZ
coordinates of the respective 5 sources need to be filled with the same number. The remaining 95 sources
(that are of no interest to us), have to be assigned a different number (even though we do not care about
them), for example 2, so that the whole SrcNum column is filled. The same methodology applies if 3 or
more sets of sources, have to be grouped per modelling job.

© Tesseral Technologies -User Documentation- 245



WES o - ey v w8 x
Bl o v vceuvorr  fomuus  owa e st - [ |

2 fomtat | Q 3 [ ] EIspit O View Sde by Side
o

Zoom 100% Z

9e Custom [/ Grdlines (Vi Headings

A B € D E F G H I J K L M N
1 |;SreX _SrcY SrcZ RevX RevY RevZ Inline Crossline SrcNum  KTaull KTau22 KTau33 KTaul2 KTaul3d KTat
2 834 894 0 834 894 0 0 0 1
3 834 894 0 834 944 0 0 0 1
- 834 894 0 834 994 0 0 0 1
5 834 894 0 834 1044 0 0 0 1
6 834 894 0 834 1094 0 0 0 1
7 834 894 0 834 1144 0 0 0 1
8 834 894 0 834 1194 0 0 0 1
9 834 894 0 834 1244 0 0 0 1
10 834 894 0 834 1294 0 0 0 1
11, 834 894 0 834 1344 0 0 0 1
12 834 894 0 1034 894 0 0 0 1
13 834 894 0 1034 944 0 0 0 1
14 834 894 0 1034 994 0 0 0 1
15 834 894 0 1034 1044 0 0 0 1
16 834 894 0 1034 1094 0 0 0 1
17 834 894 0 1034 1144 0 0 0 1
18 834 894 0 1034 1194 0 0 0 1
19 834 894 0 1034 1244 0 0 0 1

[ (= : urvey3d.o - Excel 7@ - 3 X
BEEE o h mceuvour  romauss  owa  mEw v swtnpisscn - [ |
(] o | Q 3 E E B B Desssw @

B o7 o, o Gtos G eogs | Zoom 1% Zoomle | v e Fvae

osa - B v

A B C D E F G H I J K L M I

82 934 894 0 1234 894 0 0 0 1

83 934 894 0 1234 944 0 0 0 1

84 934 894 0 1234 994 0 0 0 1

85 934 894 0 1234 1044 0 0 0 1

86 934 894 0 1234 1094 0 0 0 1

87 934 894 0 1234 1144 0 0 0 1

88 934 894 0 1234 1194 0 0 0 1

89 934 894 0 1234 1244 0 0 0 1

90 934 894 0 1234 1294 0 0 0 1

91 934 894 0 1234 1344 0 0 0 1

92 984 894 0 834 894 0 0 0 2

93 984 894 0 834 944 0 0 0 2

94 984 894 0 834 994 0 0 0 2

95 984 894 0 834 1044 0 0 0 2

96 984 894 0 834 1094 0 0 0 2

97 984 894 0 834 1144 0 0 0 2

98 984 894 0 834 1194 0 0 0 2

99 984 894 0 834 1244 0 0 0 2

100 984 894 0 834 1294 0 0 0 2

Once the SrcNum column has all been filled, save and overwrite the existing survey3d.txt file with the
updated one (make sure to also save it in TXT format). Afterwards, go back your map frame which
contains the previously built 3D survey and click Run>Run 3D Modelling>Yes.
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Run 3D Modeling -

> ) Do you want to continue the interrupted job in
p' C\Users\Stefan\Desktop\3D medeling\Job3D-09\?

G =

-
ﬁ Meodeling in Progress:. . .
Point 159 of 159, 13% Accelerated by GPU (CUDA) Overall: 13%
l Elapsed Time: 00:00:07 - .
Y X
1000 1500 2000 2500 1000 1500 2000
o}- v : . v -{o| |of- - . r -lo
= o S e A - =1 | ] — e PR e S
Fi \_ : “:/ I \ : : ¥
| : ] : : i 3 :
N ' ' ll ll SIS ' ] Il ~N
O ol N and v wd s B it e e b ad e a ae P ierd (= i | | )=} IRl Do wid s e e Ly wil s e s il O o
= n o 3 v ERE X ] v =
o L 1 1 1 o o 1 L} 1 o
wl : i E w||w E 5 E w
e Lo B o Kanrmssed S| |8f-------- dncmdnenssny s Lrrrssesdsesas =
© ' i ; . =i e : ] i <
wl : : : il : 5 : -
o ey ey e Trsersye) = | Ve e ey =
= 5 s 3 3 == 3 ' v =
o . . : : ol e : 5 : o
1000 1500 2000 2500 1000 1500 2000

.. 7% (Overall: 7%) - 159 of 159. 0:00:05 elapsed. - “
.. 8% (Overall: 8%) - 159 of 159, 0:00:05 elapsed.
.. 9% (Overall: 9%;) - 159 of 153. 0:00:05 elapsed.
.. 10% (Overall: 10%) - 15 of 159. 0:00:05 elapsed.
.. 11% (Overall: 11%) - 159 of 159. 0:00:06 elapsed.
.. 12% (Overall: 12%) - 159 of 159. 0:00:06 elapsed.
.. 13% (Overall: 13%) - 158 of 159. 0:00:06 elapsed. s Clear Log
.. 14% (Overall: 14%) - 159 of 159. 0:00:06 elapsed. L4

Once the computation is complete, the total number of seismograms produced will equal the total
number of shot groupings. For the example above, you will end up with a total of 2 shot gathers, (one for
the 5 grouped sources and another one for the remaining 95 grouped sources).
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8.3 Double couple sources in 3D modelling

It is now possible to simulate arbitrary oriented double couple sources, expressed by stress matrices (or
moment tensors) in survey3d.txt.

This functionality can be implemented for any 3D modelling method (except for the 3D acoustic).

In order to implement it, the user will first need to load a surface (see Section 14 ) and build a 3D
observation system (see Section 7). Afterwards click Run>Run 3D Modelling and follow the
instruction in Section 5. After specifying all modelling settings click Finish and Run modelling.

Run Medeling Iél

The most important modeling properties is:
Modeling Procedure 30 Acoustic
Source 1 shot points
Shotgahter Record [0..4000], step 2
Wavelet 20 Hz, Ricker
Snapshots Mo
Enable GPU Yes
and others... [ « Back to Modeling Wizard ]
‘ RUN MODELING ‘ [T]

248
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(5] Modeling in Progress... = | Bl e,
Point 231 of 231, 7% Accelerated by GPU (CUDA) Overall: 7%
{ l Elapsed Time: 00:00:05 0 l\
Y X
1000 1500 2000 2500 1000 1500 2000
ol- . . . . -Jo .
E “\; E‘/‘l‘ E
=IR ENSte L et sl = ; : :~
= ; : : : = : : : !
e : : ] 5 salllso i 5 S
= o Vi e e 1ol o | = o b PO =
= 1 T ] ! == E K H =
o 1 1 L} ' D o L} 1 1 D
w E E E : w| |w E E N P
Sfieresd ot {arsnrpasieny binsrasnen Lorpane = 1 s Jorsnrpsa {arsnrpssinan Sk 1=
e H H ] . 2He . ' : =
w : : ! 5 il : : |
| e irbensarenavee Ry ] || | [ s Sl N =
= : K ) H == 3 K H =
o M 7 : . of |6 : ! . o
1000 1500 2000 2500 1000 1500 2000
) Hid
! .. 1% (Overall: 1%) - 231 of 231, 0:00:03 elapsed. =
.. 2% (Overall: 2%) - 231 of 231. 0:00:03 elapsed.
.. 3% (Overall: 3%) - 231 of 231, 0:00:03 elapsed. \
.. 4% (Overall: 4%) - 231 of 231, 0:00:03 elapsed.
.. 5% (Overall: 5%) - 231 of 231. 0:00:04 elapsed.
.. 6% (Overall: 6%) - 231 of 231, 0:00:04 elapsed. = Clear Log |
.. 7% (Overall: 7%) - 231 0f 231. 0:00:04 elapsed. L4
/

Click Terminate, assoon as at least 1% of the job has been completed .

Once the job has been terminated, locate the survey3d.txt file from the recently created job folder and
open it in Microsoft Excel. The survey3d.txt contains the XYZ coordinates of every source-receiver pair
of the designed 3D survey (i.e. the coordinates of every trace) and the user will have to fill the entire
Inline,Crossline columns with zeros and the SrcNum with -1, which simply disables it
during computation!
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>* 4 urvey3d.na - Exce N - 8 X
[ R i e o '

B C D E F G H I J K L M N o

1 |SrcY SrcZ RevX RevY RevZ Inline Crossline SrcNum  KTaull KTau22 KTau33 KTaul2 KTaul3 KTau23

2 894 0 834 894 0 0 0 -1 0.707 -0.707 0 0 0 0
3 894 0 834 944 0 0 0 -1 0.707 -0.707 0 0 0 0
- 894 0 834 994 0 0 0 -1 0.707 -0.707 0 0 0 0
5 894 0 834 1044 0 0 0 -1 0.707 -0.707 0 0 0 0
6 894 0 834 1094 0 0 0 -1 0.707 -0.707 0 0 0 0
7 894 0 834 1144 0 0 0 -1 0.707 -0.707 0 0 0 0
8 894 0 834 1194 0 0 0 -1 0.707 -0.707 0 0 0 0
9 894 0 834 1244 0 0 0 -1 0.707 -0.707 0 0 0 0
10 894 0 834 1294 0 0 0 -1 0.707 -0.707 0 0 0 0
11 894 0 834 1344 0 0 0 -1 0.707 -0.707 0 0 0 0
12 894 0 1034 894 0 0 0 -1 0.707 -0.707 0 0 0 0
13 894 0 1034 944 0 0 0 -1 0.707 -0.707 0 0 0 0
14 894 0 1034 994 0 0 0 -1 0.707 -0.707 0 0 0 0
15 894 0 1034 1044 0 0 0 -1 0.707 -0.707 0 0 0 0
16 894 0 1034 1094 0 0 0 -1 0.707 -0.707 0 0 0 0
17 894 0 1034 1144 0 0 0 -1 0.707 -0.707 0 0 0 0
18 894 0 1034 1194 0 0 0 -1 0.707 -0.707 0 0 0 0
19 894 0 1034 1244 0 0 0 -1 0 0 0 0

0.707 -0.707

Introduce the moment tensor for KTaull, KTau22, KTau33, KTaul2, KTaul3, KTau23, for all
relevant sources.

Please make sure to assign identical moment tensors to all traces, pertaining to a unique source. In other
words, the moment tensor needs to remain constant for every source-receiver pair in the table.

Once the KTau columns have been filled, save and overwrite the existing survey3d.txt

file with the updated one (make sure to also save it in TXT format).

Now open the runtask.ini file, located in the same modelling folder as survey3d.txt
and change

[Source]

Type=0; Omnidirectional
To

[Source]
Type=10; Double Couple

Afterwards, save the runtask.ini file (File>Sawve) inthe exact same location.

Then, go back your map frame which contains the previously build 3D survey and click
Run>Run 3D Modelling>Yes.
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Run 3D Modeling

(-'/_\'\ Do you want to continue the interrupted job in
QY C\Users\Stefan\Desktop\3D medeling\Job3D-09\?

No
r @ -
- - { o |
ﬁ Modeling in Progress‘.;. » . . e —

) Point 159 of 158, 13% Accelerated by GPU (CUDA) Overall: 13%

b > 'S | Elopsed Time: 00:00:07 |y |

Y X
1000 1500 2000 2500 1000 1500 2000
ol- v - . v ol |o}- v : - -lo
] S — - SR S |- — — A S— 2
= . : ' L i A ] : =
: - i ’
i ] : i : : ] :
N i ' i ] ISIHES] i ' ' (S
= || Eet B atd s aid i A i e 8wl s el e Aos o = e By ad s wi s e Lo aod s s i L R e SR Q
=] 1 v 3 v 2|2 H ] v =]
o ' ' ' ' oo ' ' . o
wl E E E o |w E E i @
o Breserses Ansrssensss baniens SISt zmerans Assernensnes e Bremsorposa =
e : : : : | | b : ] : <
w : : : s lll E : : ~
] Fmesaney P . e alll&lssses: U e ey F =
=] & v 3 v == H H v =]
o H ¥ i N (=1 =] N a . o
1000 1500 2000 2500 1000 1500 2000
.. 7% (Overall: 7%) - 159 of 159, 0:00:05 elapsed. - “
.. 8% (Overall: 8%) - 159 of 159, 0:00:05 elapsed.
.. 8% (Overall: 9%) - 159 of 159. 0:00:05 elapsed.
.. 10% (Overall: 10%) - 150 of 159, 0:00:05 elapsed.
.. 11% (Overall: 11%) - 159 of 158. 0:00:06 elapsed.
.. 12% (Overall: 12%) - 159 of 159. 0:00:06 elapsed.
.. 13% (Overall: 13%) - 159 of 159. 0:00:06 elapsed. s Clear Log
.. 14% (Overall: 14%) - 159 of 153, 0:00:06 elapsed. (4
VY
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8.3.1

Using the same moment tensor for all sources

If the user would like to use the same moment tensor for all sources in the 3D survey, then it is sufficient

to ONLY modify the runtask.ini file as follows (leaving the survey3d.txt intact):

Remove
[Source]

Type=0; Omnidirectional
And replace it with:

[Source]
Type=8;
Kll=...;
K22=...;
K33=...;
Ki2=..;
K13=...;
K23=...;

Once the moment tensor has been specified, save the runtask.ini, go back to your map frame which
contains the previously build 3D survey and click Run>Run 3D Modelling>Yes.

7

Run 3D Modeling | X l

( ~ ) Do you want to continue the interrupted job in
€W C\Users\Stefan\Desktop\3D modeling\Job3D-09\?
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8.3.2 Using 2D douple couple sources for 3D modeling

It is also possible to have all double couple source propagate in 2D only (i.e. in XZ, YZ or XY
direction). For that you will have to modify the runtask.ini file as follows:

Remove:
[Source]
Type=0; Omnidirectional

And replace it with:
[Source]
Type=8;
DoubleCoupleAxis=XZ

Or
Type=8
DoubleCoupleAxis=XY

Or
Type=8
DoubleCoupleAxis=YZ

Afterwards, save the runtask.ini, go back your map frame which contains the previously build 3D
survey and click Run>Run 3D Modelling>Yes.

Fun 3D Modeling l -

I.-/"_"\-. Do you want to continue the interrupted job in
Y C\Users\Stefan'Desktop'3D modeling'Job3D-09\7

D -
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9 3D Full-Wave Modeling

To run 3D Acoustic and Elastic full-wave modeling you*ll need to:
1. Build a 3D model as a seismic cube SEG-Y file (.sgy)

2. Setup 3D survey geometry

3. Setup modeling parameters
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9.1 3D model as a seismic cube

Using command Map > Create Map create new frame Map with the surfaces form DB or GRD-
files

Create new Map x|
w’— \

Load TXT or GRD-surface files =
~S<
( Show database WELLS >

~—__ -

ACquisition Geometry =

/™ \

\/ \/

Select background PICTURE =

Use command Map > Section mode to draw the section (profile) line on Map frame. The section
with the layers should appear in top title.
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i™ Untitled - TesseralPro =1O] x|

File  Database Edit “ew Model Map Seismic 3D View Run  Help

DB R 2 N0 B 2w B A & & Bfiox ~ |

5 £ |NQ[H BF |8 | =[8
A

- Prc =
--é Mo T1(dr) : Bottom
" Maj 1400 1350 1300 1250 1200 1150
=-S5 Sei : : ;
E---@ Da T1{dr) - Bottom
B6 Y e e e S e S S a—
@| e L . . I
X e T T e
. L — L L I I " I N o B
] =

0ooF
000w

T

] 500 1000 1500 2000 2500 3000 3500 4000 4500
5 5

o s | of

Synthetic seismograms creating: STEP 1: Create Velocity Maodel > || STEP 2. Acquisition Geametry = || STEF 3: Run madeling >

point: 145x 52 mm, 0 frames selected [ | | A

If you can’t see the section, please expand the heading area by the mouse.

The highlighted by red color layer is the currently active one (it is shown in the frame). Right-click on
top title and select the command «Select Layer» to choose another active layer. Then right-click on

button «... 3D model».
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i™ Untitled - TesseralPro o x|

File — Database Edit ‘iew Model Map Seismic 3D Wiew Run  Help

P DR 2 ST FE T 4w BE Q& &l ]|/ |
A xINAQEEES =5 =g
=B Pre | A | -
=& Mo 3 Cls1 : Bottom H
3700 3600 3600 3400 3300 3200 3100
E@ Da C1s1: - Bottom
...|-=_~| ¥
we
X —.
L L L B L S T e X . )
" " _'_L—‘——‘——l—u_.(_z_.__,__._‘_l__‘_d_‘__‘_‘
= =
Dm' =
| 4w A= Sglect Layer "C1s2 : Bottom"
— gw Manage/Delete Surfaces...
=] "C1s1 ; Bottom'" Propertias. .,
"C1s1 : Bottom" 30-model Froperties...
0 000 Zoom Mods
5 3 Move Mode
= e : CESE Edit Frame Properties... Alt+Enter

o Sl

| o

Synthetic seismograms creating:

STEF 1: Create Yelocity Model = || STEP 2 Acquisition Geometry = || STEF 3: Run modeling >

point: 61 % 54 mBottom tte size:

133 % 72 mm | [ | 4

This command can also be accessed by menuMap > Active Map > 3D model properties.

Inthe dialog 3D model properties option Map type: select top to assign_velocity values

beneath the surface, or

bottom — above the surface.
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Surface 30-model Properties

Marme

Surface type Ihuttom vl
I 4000

IClsl : Bottom |

Yalue

o]

Cancel |

1% Untitled - TesseralPro
Fle Database Edt View Model Map Sesmic 3D View Run  Help

P DER|2C R T BHEeE %

A x| NaEH B &5 55| &%

| A \ -

Cl1s1 : Bottom 5
3600 3400 200

C1s1: Bottom

Y
e
X

]
e T

e —

M‘\

000z

- F= p=>
o] f?
8 \\\\ B
0 1000 2000 3000 4000
2 3 4 5 5
E:
i

s 3 A
« _ r

STEP 1: Create Velocity Model > " STEP 2! ACquisitian

Synthetic seismograms creating:

1 frames selected

point: 109 x 92 mm,

Y

Then right-click on section and use command Select Layer “..” and “..” 3D

model Properties to specify velocities in all layers.

ol x|
Ele Datsbase Edit Wew Model Map Seismic 30 View Bun  Help
MEECIEREEE R R EEE
A2 NaR|EE S EEx =8
N -

C2m : Bottom
1800 1700 1600 1500
I C2m: Eottoml
Y
0 1000 2000 3000 4000
2 3 4
3 g
‘ 1645 8
£
4 /—-ﬂ '
g™ T——
3 . - 157353

q

5

Synthetic seismograms creating:

STEF 1: Create Yelocity Model = " STEF 2: Acquisition

point: 104 x 65 mm, O frames selected

Y
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For adjusting palette of the section’s velocities (not map) use the button «kEdit Bottom Title» in
the Map >Map Frame Properties dialog, then «<Show Section Paletten.

Map Bottom Title il

Size

Width (rnrm) I 85 Eont
on |
Hight {rnrm} I 72 v Background |

hl:n,-'.,.- Section F'EJ|E!tt %0 100

v aiis
[v Section —v Autocale Depth
Top 27.8 m
Bothom I519?.E\ tm
— Fill

Section Palette type. .. |

(04 I Cancel

To create 3D SGY file use command Run > Map Frame > Create 3D Seg-Y

and adjust grid parameters:
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Create 3D Seg-¥ Model l_

CA\TEMPY2014-02-0743333.50y

If there is no velocities data in the model, the program will use the default values.
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Result:

=] = =
I== Untitled - TesseralPro

C2m : Bottom

T2000 2400 2800 3200 3600 4000 4400 4800 5200 SG00 6000 6400 68
‘0 "500 4000 '41500 2000 2500 ‘3000 3500 "4000 ‘4500 5000 5500

2000 4000

1
Synthetic seisrmgw: STEP 1: Create Velocity Model > || STEP 2: me > '] STEP 3: Run modeling > Il
S~ | | | [

- —
When you have 3D model as seismic SGY file with the cube of velocities, open it:
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2

ﬁ Untitled - TesseralPro

=] a0 ]

File Database Edit View Model Map Seismic 30 View Run Help
P DS E S B P 4w |@\@\@\I@1|1002 | ~
Ax BB ¥ ——| / I N[ ke | $z 22 | B FE 4
A -
2000 2200 2400 2600 é

[ . Open a seismic ’

2800 3000

3200 3400 3500 3500 4000

0 2

;

E

cube file (.sgy) :

- R
;

|

4000 4000 §
- L
[

;

v |B000 5300 AG00 5400 5200 5000 4500 4500 4400 4200 4000 3800 3600 3400 3200 3000 |
Len ‘300 ‘600 ‘900 ‘1200 4500 1800 2100 2400 2700 3000 (3300 (3600 3900 ;
’ ]
3 Then, right click on the /
] seismic cube and select i 4’
S “Edit Frame Properties...” F
2000 2000

[
’
1 i
Edit Frame Properties... Alt+Enter  |s
= "
Delete Frame ;
3
[
!
!
!
!
—
|
|
point: 129 x 82 mm, Frame size: 163 x 126 mm Z=1058.1m |VaI=ZBDD.DDDDEID %=4940,0 m |‘|’=3? e

© Tesseral Technologies -User Documentation-

262



Seismic Properti

Common  Plane |Trace I Scale I
Show
Wiew hode:

Praofile Line
,44‘ Extend line

Traces per page: 100 by : |2D m
¥ Draw horizontal section W Popup current shat's 5.7

— Coordinate Orientation

Receivers

v . " Black
. - 1—>x o _ - >§_I ack crosses
I—) T o= W
by b
I ™ e 1 C
. . O g LCl i . g

QK I Cancel | Apply | Help |

It is handful to change seismic view mode to “Contour” in the Seismic Frames properties
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9.2 Design 3D acquisition geometry

Next step is creating of a Map Frame to build 3D acquisition geometry

-

ﬁ test.tpa - TesseralPro
File Database Edit View Model Map Seismic 3D View Run Help

P DEE 2 9 |FEE e 2w BB &R QR
AR EB=ms % L | L WNE Ehe =g
A

M
N

P = e e L e

3400

2000 2200 2400 2R00 2500 3000 3200

3600 3

EEXEEELEELELE

A
1

Create new Map

+uﬂnuu#u+wﬂﬂ#“““““**w [ WIZARD

Load TAT or GRD-surface files = |

~ | G000 5200 5600 5400

Lo ‘200 e0o ooo Show database WELLS =

Acquisition Geornetry =

Select background PICTURE = |

LR L XL X EE X E L EEEEEEEEEE L EX X

EEEETTIT L

Cancel |

f
600 3400
Zz00 260

Usethe Acquisition Geometry Wizard to design the survey. These steps are skipped here. For
detailed description of 3D survey design please see section 7 of this manual.

Survey bearings

ORIGIM [0:0): * beg. ID m Y heg IIIl m

/\

IMLIME: l@t I'IDDD \Azimuth ID deg

\
CROSSLIME: WIWDU m Azimuth |+SD vl deg

< Back !iFinish I Cancel | Help |

It is important, however, to specify inline and crossline lengths of the observation zone.
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After the acquisition geometry is built now let’s place the 3D seismic cube into the map and combine it
together. Click on Edit Frame Properties button as shown below:

ﬁ test.tpa - TesseralPro EI@

Eile Database Edit View [Model Map Seismic 3D View Run Help

P os@2CERU O 4 Qa e
XN [ EE 4 =0 588 5 =« [ZHEV P8O

A e || A =

TE =5 ot
©-8 D
Y
1 Al
! !
1__________________r_0_t§l_ he-ore---o B N N Y s L--.‘ ----------------------- 1
& &+ & &+
* * * * *
* - * - *
— L L e L
* * * * *
+ * +* * +
+ * * * *
E 3 -* L] -* @* - L] & -* L] -* @* -* L] & -* L] -*
+ * +* * +
& P - P -
* & * & *
L T T S =
+* * * * * =]
* P * P * =
+ * * * * —
& 0+ s+ 8 8 8 s H + & = H = & = H = = » i
+ * * * * =
+ * * * * i
N i * * * * = i
i ; OO0l - JM=E 0 i
f
1 L4 \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\-\Q.\\\\\\\\\\\\\\\\\ -
o |[4] | 3

Enable “Draw Seismic frames plan” to combine the model with acquisition geometry on the map:

© Tesseral Technologies -User Documentation- 265



Map Properties

Edit top title

Edit bottom title |

Project Propetties and
Coordinate orientation. ..

Size

Width 104

Height 66 mm

Work area

5

Fonk...
Palette,..
[+ Background...

v Ruler

Layers

Ackive Laver |

[v show arid (fill color)

Database wells

[ Draw Isoline  Font height (%) |90 3:

=

Isolines Properties

Wwell Title |.ﬂ.t collar

v Mame

[ Draw Wel Inclinometry

Seismic plan wiew

j Drawe Seismic Frames plan
-

Draw sources from seismic File

=

I Yalue Color Fonk height (%) | 80 EI:

Load

Acquisition Geomekry

v Draw Geometry

Background

[ Show picture

Background Picture

=] |

Cancel |

&

Click on “Zoom Out” several times so the seismic cube’s area became visible on the map.
Switch to “Move and Rotate” mode and drag the acquisition geometry into the model area.
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ﬁ test.tpa - TesseralPro E'@
Eile Database Edit Miew Model Map Seismic 3D View BEun  Help
DB E2C ESTT EEEEI"‘/'. B2 BN & & & yfo =
2838 a1m o 8 298 &
Al X N@ i B &% , > b @3!23*’0
I |E| te| |
.' AL EE L T L C L€ E LT E-L-EEL-LL L AL L T LT LT E AL L L LT L L L L L L L L ELLCLLLL P
-- 1. Click on “Zoom Out” button
®| several times to see both the ; «
N A 2. Click on “Move and
seismic cube and the Rotate” button
acquisition geometry
:
t 7 B 5 4 3 2 1 0 1
b :
:
i 3. Drag the acquisition ~ |°
geometry into 3d seismic |4
M
:
:
:
M
:
M
4 r :: \.\.z\\\\.\.\.\.\\\\Q\.\.\.\.\\\\\.\5\.\\\\\\.\.\.\.\‘L\\\.\.\.\.\\\\a\.\.\.\.\\\\\.\.2\\\\\\\.\.\.\.\L\\\.\.\.\.\.\\\'@\\\\\\\\\\\L\\\\\\\\\\
[ [ | »
point: 162 x 94 \Frame Map size: 169 x 128 mm A=2372.7 h=s1s

Now, click on “Unzoom” and “Arrange Frames” to see the model with the acquisition

survey.
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ﬁ test.tpa - TesseralPro EI@
File Database Edit View Model Map Seismic 3D View Run  Help
P DS E DS B E 2w BB Q& Q G -
A e Ta ads
A% N& b @ | 8= 5= = G5 e e |[AHEEEN F o8 O
B te A |
g ¥ R e e
M : H 13 ”
555 5| | X| | Click on “Unzoom” and then
LR - “Arrange Frames” buttons to see
N
Y both frames together
;
;
M
t 7 B 5 4 E] 2 1 0 1
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You can continue to design the survey by moving and rotating inline and crossline positions on the map.
2D profile drawn on the surface of the model seismic cube will be visible also on the map.
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ﬁ test.tpa - TesseralPro EI@

File Database Edit View Model Map Seismic 3D View Bun  Help
NEETIEEEEY EIEL TR

=AU

2500 3000 3500 4000

~
~

-~

G000 G600 5200 4200 4400 4000 \SEiCICI 2200

i} ittt O A 2O AR

2D profile specified on
the cube also will be
shown on the map

2000
2 Use ‘Move-and-Rotate™ [ 2
| mode to sefup the;3D 4000 400
7 SUVey & ] 3 L

=
4| | I

point: 187 x 58 mm, 0 frames selected
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9.3 Setup modeling procedure and boundaries

After the seismic cube velocity model is loaded and the survey had been set up use either “Run > Run
3D Modeling ...” to setup and run the full-wave modeling or “Run > CLUSTER: 3D
Modeling ...” to create modeling job for Linux cluster.

1»—_5 test.tpa - TesseralPro EI@
File Datsbase Edit View Model Map Seismic 3D View Help
b = = e} E éé @ E EEE = ED Run 20 Medeling... 00% -
E éé Jéi @ Run 3D Modeling...
& MET: Run Modeling... "
r CLUSTER: 2D Madeling... |
x| 2 CLUSTER: 3D Modeling,, ] A000
i i_[‘:f_‘ 2D Ray Tracing... g‘ -
Y 20 Bav Tracing |
7 B 5 1 3 I felect ) .
g | “Run 3D Modeling...” to run
l onPCor

| “CLUSTER: 3D Modeling...” torunona
| Linux cluster

=

i 2D Migraticn (Depth domain) L4

M V5P procedures (Depth domain) L4 o
Post-Processing 4

Create Processing Queue

B Seismic Frame 4 N,
Model Frame 4
H Map Frame L R

i i i i i I Monitering Options...

=
4| | »

To run acoustic or elastic simulation a P-velocity cube must be provided. Density can be calculated
automatically based on built-in correlation tables. The elastic simulation of the S- velocity cube may also
be provided or calculated automatically.

Simulation of the special boundaries is automatically configured using P-velocity cube.
These boundaries could be adjusted manually if needed.
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3D Modeling General Properties

B

Methad Spec!fy a
Modeling Procedure: | 30 Acoustic ﬂ Ve|OC|ty
Input cube
P4elacity Cube File |D:\Workdir\Test\MndeBD.&gp £  Browse.. Required

Selocity Cube File |

Select Shot Density Cube File |

Points to \‘\
. Sources to com
simulate

Mat Uszed
Auta

A | et |

Model boundary will be
determined by the velocity
cube, but also it can be
specified manually (to
decrease depth for

You can specify a folder
in which the task will be
saved.

-

From #: |100 To#: 100
Shatgahter Record M odel Boundaries
Auta
Start |0 ms mn (20000 W
Stop 2000 mz Yomin | 3000 m
St |2 ms Zmin |0 " | example)
Save reaults to.. |DI"\WDIkdiI'\TESt"\.T azkh

Browse...

Cancel Help

! iext > |

Specify signal form, frequency and direction in the dialog window Wavelet:
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Wavelet :
Frequency |20 {auto} Hz ~Source
Wavelet  [Ricker ~] Type | Omnidirectional |
w)
I Use minimal-phase signal
fl
Surface Mode  |invisible =
Load from File...
Real Time Amplitude Spectrum
1
5 08
0s!
f 06
E— Tt
\/ \/ o
Tos
02
Tt o ;\0 ,20 @ "0 30 = t= =
4
< Back Next > Finish Cancel | Help
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30 Accoustic Calculz

Signal frequency could be changed to see
how it affects the required memory

Computation Grd Properties

Signal Frequency

[v Generate 200 snapshots

Cell [dx, dy. dz] 12 i auto
Tact [dt] (1 ms auto

Hardware

Threads per process  |Max -

[+ Enable GPU [if CUDA available)

Required Memory [Hozt): 634 MB
Required Memory [GPU): 1.5 GB

[ Generate Time Field

* Step: |‘|27 m
' Step: |‘|2 il |
Z Step: 12 m

v PrL for itwizible boundaries
[better suppreszes reflections in mozt cazes)

Memory estimation (per

node) is available to

Margin also affects
evaluate resources

required memory

Start I} ms

Step 50 mz  [40 frames)

Generate by every |1 3: FOUICE

b argin |5EIEI 1] | auto
You can use ,auto” buttons to
set the special and temporal
simulation steps

< Back

required to run the
simulation
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9.3.1 Run 3D simulation on Windows PC

The 3D modeling process is monitored in a dialog box 3D Modeling in progress.

o~
T

> Model'iﬁg in Progress...

Point 28 of 28, 93%

’f." .;:I' 77777777777777777
*¢ NENRENENNENERNER

Accelerated by GPU {CUDA)

Overall: 93%

¥
3500 4000 4500 5000

I

D (Th § - SEEEE
"
'
'
'
'
'
'
'
'
'

S L Lt 1 L SR
'
i
'
'
'
'
'
'
'

0o0e

000g

000¥

0o0s

[ LR | GL L | SRR

00}

0

000z
000z

l

3500 4000 4500 50‘00

}

ooz

.. 86% (Overall: 86%) - 28 of 28,
.. 87% (Overall: 87%) - 28 of 28,
.. 88% (Overall: 88%) - 28 of 28.
.. 89% (Overall: 89%) - 28 of 28.
.. 90% (Overall: 90%) - 28 of 28,
.. 91% (Overall; 91%) - 28 of 28.
.. 92% (Overall: 92%) - 28 of 28,
.. 93% (Overall: 93%) - 28 of 28,

0:02:35 elapsed.
0:02:37 elapsed.
0:02:39 elapsed.
0:02:41 elapsed.
0:02:43 elapsed.
0:02:44 elapsed.
0:02:46 elapsed.
0:02:48 elapsed.

E Clear Log |

-

V7

After the calculation is completed gathers of the X, Y, Z particle velocity and the pressure will be

generated.
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9.3.2 Run 3D simulation on Linux Cluster

The task contains:

1. The model seismic velocity cube

2. Acquisition geometry (survey32.txt)

3. Task settings (runtask.ini)

You can put this folder to a Linux cluster to run the faster parallel computation. Also the cluster engine
will use all available memory to handle very large computation jobs.

3 items State: 38 Shared

=N o =
@Uv| ;% Test » Task - | ¢¢| Search Task jo) |
Organize - Include in library - Share with - Burn = = « [l .@.
B Videos *  Mame Date modified Type
?(’:DbMOdel N id| Model2D.sgy 23.11.2007 12:40 SGY File
ube £ | runtask.ini 0312.2015 16:47 Configuration sett...
. = survey32 bt 03122013 16:47 Text Document
1M Computer —
&L, Local Disk () |=
Modeling task Acquisition
settings | geometry .
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10 Processing of seismic gather

Some of the commands in the Run menu are for processing generated synthetic gathers.

IMPORTANT NOTE!
All processing history and user defined settings are saved in the computation.log
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10.1 General Purpose Procedures

In the Model Frame, the model consists of polygons (model in vector format). In some other programs

such as ray tracing, migration and other processing procedures in Tesseral Pro, the input model is

assumed to be in form of grid. To export Model Frame to a grid file, use the command Run/General

Purpose Procedures/Export Model to Seismic Format

(SEG-Y, TGR).

-
Seismogram calculation

==

Seigmic file name

Fit file name 4—|—'

Grid step inthe
output file

- Sampling Rate

Create files with grids
of anisotropy

Limitations for values
of parameters (in case
thin-layering is formed
from logging curves)

Step by lenght |47 m
Step by depth |50 m

> Components: value range

CAzershStefantDesktophT ezseral D atah T estshSEYWertical_Inc J

(™ [ Export Medium dnisotropic Properties

Create a standard name
for the output file

Cancel

The output file may be in SEG-Y format. For isotropic model, 3 output files are created for the

b

Components: value range ﬁ
i Component itz Trralue b aw walue
Comprezsional welociby m's |1 i} |1 aoao
Density kg/m™3 | [1000 |2200
Shear velocity m/'s |D |EEIDEI
Cancel

compressional velocity, shear velocity (<name of the output file>—-PQR_R.SGY) and density (<name
of the output file>-PQR_Q.SGY) components respectively.

The output grid files may be in TGR format (i.e. the internal Tesseral format). Separate output files are
created for all 3 components of the depth model (compressional, shear velocity and density), as well as

anisotropy parameters if the checkbox Export Medium Anisotropic Properties was

checked.
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10.1.1  Copy Gather to SEG-Y Format

The command Run > General Purpose Procedures > Copy Seismogram to SEG-Y
Format is used to transform files from the internal TGR or SDC PC formats into the standard SEG-Y
format.

- -
Copy seismogram to seg-y format @
Input file | C:'\Sheldon{TestingOfTesseralPro\Run'Md2 +5napEP. tgr J
Companent |1-'erh'ca| Partide Velodty ﬂ

-

Output file | C:\sheldonTestingOfTesseralPro\RunMd 2+5napEP -VIEW . s J

Cancel |

The TGR format does not contain the geographical coordinates of the traces and the altitudes of the
receivers. Check the box Write coordinate from model to obtain this information from the
Model Frame and then write it into the trace header of the output SEG-Y file.
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10.1.2  Split Seismogram by Shotgathers

The command Run > General Purpose Procedures > Split Seismogram by
Shotgathers is for splitting merged synthetic gathers into separate files in terms of the number of
shot points (one file for each shot gather).

Split seismogram by sources Iﬁ

Input file | C:\Users\Stefan\DesktopiTesseral DataM1+5athAP-Z. 50y J

0K | Cancel
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10.1.3 Split SEG-Y File into Pieces of Limited Size

The command Run > General Purpose Procedures > Split SEG-Y File by

Limited Size Pieces isto splitthe SEG-Y files into separate files, each file not exceeding the

size specified in the Output file Size

(MB) parameter.

Temporary Memory Buffer Size (MB) 100

OK |

Cancel |

Split SEGY File [
Input file | C:'\sheldon{TestingOfTesseralPro'RunYMd2 +GathEP.sgy
Qutput File Size (MB) 1000

© Tesseral Technologies -User Documentation-

280



10.1.4 Merge Seismograms

The command Run > General Purpose Procedures > Merge Seismograms isfor
merging the selected files into one (the output file will have all the traces of the input files in the same
order as they were entered in the list). If the coordinates of the selected files match each other exactly,
the procedure will work differently (it will stack the traces and the output file will have the same number
of traces as the input one). This procedure can be used to sum the different cubes after migration.

i |
Merge seismograms @

Files to merge | C:'\Sheldon\TestingOfTesseralPro\RuniMd2 +GathEP-1.5gy J
C:\sheldonTestingOfTesseralPro\RunMd 2 +GathEP-2.5gy
C:\sheldonTestingOfTesseralPro’RuniMd2+GathEP-3.5qy X

Add file(s) to the group

]

Delete file(s) from the group

Compaonent | J

[ Delete original files after successfull merging

Cutput file | C:\sheldon'TestingOfTesseralPro\Md 2 +GathEP . sgy J

Cancel | |
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10.1.5 Cut Out Cube/Section traces (by coordinates bounded by a rectangle)

The command Run > General Purpose Procedures > Cut Out Cube/Section IS
mainly used for preparing field gathers for duplex wave migration or for extracting part of the traces
falling into a user-defined rectangle. It can speed up DWM processing for a huge dataset.

Cut part of cube ﬁ

‘ Input file |C:'ISheIcIDnFesﬁngOﬂ'esseraIPro'l,Run'yFieIdGamers.sgy J

Only traces inside this :
. . [ Region Rectangle
rectangle will be in the

output file. ¥ from m
Xto m
Y from m
¥ to
" The condition for

selecting traces
Add trace if |50urce or Receiver w [“are within the Fegion

Qutput file | C:\sheldonTestingOfTesseralPro\FieldGathers-CUT. sgy J

3 Cancel |
I'!'E-
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10.1.6

3D Replication (create 3D grid by reproducing 2D cross-section)

The command Run > General Purpose Procedures > 3D Replication

is used for:

e Creating the 3D acquisition data (multiple shot lines) from a single shot line (with
multiple receiver lines) generated by 2.5D modeling to create a true 3D dataset from 2D

acquisition.

e Creating a 3D velocity model from a 2D velocity model.

Seismogram 3D replication Iﬁ
Input file | C:\sheldon'TestingOfTesseralPro\Run\Untited-PQR.TGR J
Component |Compressi0n Velodity ﬂ
Inl_tlal coordinates a_nd | - Inline (Profile) Crossine ¢ The lines m'the
azimuth of the profile output 3D file
Azimuth |0 m Leftlimt |0 m
¥ beg. a m Right Limit |0 m
¥ beg. i} m Step ] m
Cutput file | C:'\Sheldon'TestingOfTesseralPro\Untited-PQR-3D.sgy J
Cancel |J

NOTE: Input File isadepth velocity model or gathers of a single shot line (grid in
SEG-Y or TGR format). To obtain depth velocity model in SEG-Y or TGR format, the
command Model > Export to Seismic Format

(SEG-Y, TGR) isused.
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-
ﬁ Replication.tpa - TesseralPro

mﬁlg

File Database Edit View Model Map Seismic 3D View Run  Help
P OSSP B 2%y | & B &y oo Bl 1]

— HNG [N =

|E|

AR ——|
A

|==| & 4

<]

—= Input 2D file — Output 3D file %
2000 2500 3000 3500 2000 2500 3000 3500
E— ] —
Coordinates of the 4‘]
- -~ [ ~~—c}T6000 416000
profile’s start point | | fr—j) s S
117000 17000 [ —— ]
% | 481500 482400 483300 484200 435100 486000 430800 467800 433700 s — ]
Len |0 ‘700 '12400 '2100 ‘2800 ‘2500 4200 ‘4500 5600 €200 7000 . e —- o
0 0 0 0

Synthetic seismograms creating:

STEP 1: Create Veloity Model > ||

STEP 2: Acquisition Geometry > || STEP 3: Run modeling > ||

point: 18 x 5 mm,

1 frames selected

| 4
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10.1.7 SEG-Y File Resampling
Choose the command Run > General Purpose Procedures > SEG-Y File Resampling.

F R
Resampling M
Input file I C:\sheldon\TestingOfTesseralPro\Md24+GathEP . sqy ... |
Qutput File I itingOfTesseralPra\Md2+GathEP-RESAMPLING. 5qy ... |

Input file trace step I prd
Output file trace step I 4
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10.1.8 Difference of 2 Seismograms

The command Run > General Purpose Procedures > Difference of 2
Seismograms isused to calculate the difference between 2 synthetic gathers created by similar
models. It may be used, for example, to evaluate how the perturbations of the model*s parameters
influences the output gather. It can also be used to obtain the differences between migrated cubes or
sections.

r h
File Names M

I M\Sheldon '\ TestingCf Tesseral Pro\Run\Md2+GathEP 1 .2qy |

minus {"-")

IC:\Sheldon\TestingOfTessemlPro\Run\MdZ-lGathEP_Z.sgy |

(=)

IC:\Sheldon\TestingOfTessemlPm\Run\Md2+Gath EP_1-5UB-0.sgy |

< Back Mext = Cancel
A
rﬁ Untitled - TesseralPro E‘M‘
File Database Edit View Model Map Seismic Run Help
P DE W 22RO HE - BE QR Q@ | &
| g & | [ [~ < ) | b = =
AR B —F— S BN [#he |z o2 B 4
A B =
2 T 0 7 7 | 2 i F—— 7 7 F 2 Bl T T 2
.x=3000,y=0 F _ .x=3000,y=0 E _ .x=3000.y=0 F _
N I & T
| 1 |
X 1800 2400 3200 4000 4800 5800 6400 X 1800 2400 3200 4000 4800 5600 6400 X 1800 2400 3200 4000 4800 5600 6400
Len |0 800 ‘1800 ‘2400 '3200 ‘4000 ‘4800 ‘5600 Len |0 "800 1800 ‘2400 ‘3200 ‘4000 '4800 ‘5600 Len |0 "800 ‘1600 ‘2400 '3200 ‘4000 ‘4800 '5600
T
L] ﬁ I .~‘§ L ] L
Lo = SR | B = RPN . e L
1 500 | ﬁ% 500 500 k 500 | | 500 4
|- [nus] B
o A8 . r ] 5
— & M
(7000 f 7000 |[7000| f 7000 f 7000 [ 7000
11500 | | 1500 || 1500 | | 1500 f 1500 | 1500 /
R 5 W ] S -
< | k8
Synthetic seismograms creating: STEP 1: Create Velocity Model > || STEP 2: Acquisition Geometry > || STEP 3: Run modeling > | Hide
point: 11 x10 mm, Top title size: 90 x5 mm — 7
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10.1.9 Import/Export Traces Coordinates

The coordinates of sources and receivers in the headers of the traces can be exported into a text file
usingRun > Seismic Frame > Export Traces Coordinates.

The coordinates of sources and receivers in the text file can be imported by using Run > Seismic
Frame > Import Traces Coordinates.

© Tesseral Technologies -User Documentation- 287



10.1.10 Write Visible Coordinates to Trace Headers

To write the modified coordinates of traces to the headers of seismic files, the command Run >
Seismic Frame > Write Visible Coordinates to Trace Headers IS used.

In Tesseral Pro, the seismic files can be displayed with transformed/rotated coordinates using the
following commands:

e Seismic > Rotate to Align X Axis along Section Profile

e Run > General Purpose Procedures > Import Traces Coordinates (load coordinates of
traces from text files)

e View > Raw Trace View Window (in this dialogue box, the trace coordinates
can be assigned from non-conventional cells of the trace headers).

Please see Section 13 for more details.

After using the ways mentioned above to change the trace coordinates, the headers of the seismic files
are not changed and the information on trace coordinates is written into an additional file <gather
name>. inf for further use in the Tesseral Pro.

© Tesseral Technologies -User Documentation- 288



10.1.11 Cut Profile from 3D seismogram

This function is used for the extraction of shot gather traces along a straight line or a polyline from a 3D

seismogram.

To access this function please load the 3D seismograms (File>Load Seismic file), followed by

Run>General Purpose Procedures>Cut Profile from 3D seismogram.

13 Testtpe - TesseraiPra L= |6
e Duabase fdn View Mode Map Sesmic 30View Eun Help
P oEE 2 ERTAD B %k BB AQARARAR = - | | %
»x|BEE ) ) & [slhe d2 g% B 6D & et - |FEEIE & @ ¢ &
W@ A
=T R T s
g: P S S N S N S s s P P I S O O O T O O O O B 3 7 7
” T IEERE T
<80 " "
2000[, 2000
[x=1502,y=1801 | +
7600, 7600
= T T T T T = e T = T e
- 0 ‘20 ‘%0 ‘s ‘e ) 30 140 ‘130 160 ‘aro ‘410 ‘430
1000 1000
7000 (7560
3000 | [3000
st 3¢ > )| (s z )| Csm | Hee |
ForHelp, press F1
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- B
Cut profile from cube g

Input file Ci\Users\Stefan\Desktop, 30 modeling' Job30-01\DUPLEX_VE E]

@ Profile by line

¥ from 1301 m ¥ to 1796 m
¥ from 1790 m ¥ to 1808 m
Step 83 m
i N
Export coordinates [As is 7 ]

() Profile from seismic file coordinates

C:\Users\stefan\DesktopiTesserral Pro testing new version\s

() Survey from SPS file Load 5P5 file
2,50 result file

Output file C:\Usersstefan\Desktop!3D modeling'Job30-01'\DUPLEX_VEI E]

| ok | | cancel |

15 Untited - TessersPro || 6
e Databxse Edt View Model Map Sesmic 30View Run Help
Poe@E (2B BIMRE % n A|Q @ Q& e - | | e
= - = T 7 =
» % BSE% % — | J b Nk 2| B0 4 (e - TR B P ¢ 2
w@e A
E;’ 2 2 2 2 2 2 2 1111111149144 1491.1.1170000000040000000 00000 1 1 1 11 4 11 1 1 11 1111 111122 2 2 2
'y R BEEEEEEE
@0 i 1
890 80,
7800 2 ° 7800
[x=1502.y=1801
760 760,
T16 7330 73307 194 1985 1360 1970 1360 1IN0 1465 (1410 1430 140 144 TABG 1460 TATO 14RO VARG 1500 1610 1630 16301540 V8GO 1660 7670 1440 7890 1600 1610 620 1630 1640 16RO 1600 179 1640 NN 1700 T17N0 1730 1730 1740 VTE0 170 TN7I0 VTR0 17901890
Lo 0 ' "% 4 0 e ‘7o 'se 'm0 100 ‘110 ‘120 130 't40 ‘180 ‘160 ‘170 e 10 300 '210 220 ‘230 ‘240 '3%0 ‘20 '2r0 ‘280 ‘20 300 310 '3 330 ‘M0 360 '30 '30 ‘M0 ‘30 '40 ‘410 'a0 ‘430 ‘440 ‘430 ‘460 ‘470 ‘atd ‘40 's0
=

000 000

|

E
|
8

point: 199 x 165 mm, 1 frames selected

If you would like to extract the coordinates by line, then either specify the X from,X to,Y from,Y

to and Step or draw the profile in the seismic frame Seismic>Edit Mode>Draw Profile
before accessing the Cut Profile from 3D seismogram
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function (for additional information on profiles please see 13.5).

The traces can be also extracted according to the target survey geometry- Survey from SPS file

(see Section 3.1.6), or from a text file of traces coordinates - Profile from Seismic File
coordinates( see section 10.1.9).
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10.1.12 Export Profile to 2D Seismic File

To export a 2D profile from seismic cube, first of all load the 3D cube (File>lL.oad Seismic

file), draw the profile in the seismic frame (see 13.5) followed Run > Seismic

Frame >
Export Map to 2D Seismic file
18 Untitd - Tesserairo Lo
_Fle Database Edn View Mode Map Sesmc 30View Bun Hep — — -
P D@20 ST HBE %R BB QAR = - [ | e
sxBEESH 0 | 0 SNAEk SR OB - TEE P (O
wE@lP A
N OCITY L
@ gz 340 K 300370036t Ki a0 i 1] 30 2] 4500460 ) 750 3500 5000 51 520 o 00— 5500 5900 6
=00 . . . . . . . - .
| a2 g
2000 | MMM 2000
e T T
Vaa 9 100 "200 "300 '400 ‘200 ‘600 ‘700 800 ‘300 '1000 4300 1300 140X g 00 1300 2000 2160 '2200 2200 *2400 '2600 ' 2600 3700 1900 " 3000 32003300 *3400° 2500 ' 3800 3700 ' 3800 3800 " 400¢ 4200 4300 "4400 " 4500 ' 4801 ‘4000 ' 4500 ‘2000 '5300 ' 5300 ‘2400

1 frames selected

Create seismogram from profile

=)

File M arme
Traces coardinate
@ Real coordinate

(71 Along profile

C:hUserg v StefansDeskioph 30 modeling DUPLE=_WVELOCITY _MODEL_newsart_resy [:]

arid propertis
* awez: Step by length 35 m
£ aviz: Step by depth[ & m
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£ Untitied - TesseraiPro | | 61 e
Eide Database Edt  View Mode Map Seismic 30View Run Help

P o@D ERAR B4 BB QARG = - | | %

A x BEES %] J 0 SR Hs R EE S - TR AP

EVEIE

X1 e M0 w@e Be @0 70 86 B0 W00 160 10 TR0 140 THG0I00 10 1800 16 A6 TG0 ZHe EN6 200 TG0 3 00 Moo 6 000 300 %me 30 300 TG0 % Woa 300
tan [0 10 ‘20 ‘%0 ‘40 ‘w00 ‘600 70 800 00 ‘1000 1100 ‘1200 1300 ‘1400 ‘1500 '1e00 ‘1700 ‘1800 '1sc0 ‘2000 2100 ‘230 ‘2300 ‘2400 ‘2900

‘2000 ‘2700 ‘2800 ‘2000 ‘3000 ‘3100 ‘300 ‘3300 ‘300 ‘3m0 300

37003

)| (5T % Acamton Geometry > | [STEP 3 Run modeing > | [ote )

1 frames selected

3
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10.1.13 Band-pass filter

= W% =
. .

- ==

Band-Pass Filter

Input file  ndit's syntetic seismogram\Elastic A-ZD Model +GathAP-ngy [Z] 4

Trapezoid Angles l
fi 5 Hz f2 15 Hz

FIF2 13 14
f3 25 Hz f4 30 Hz Length 20 ms |

QOutput file ample model and it's syntetic seismogram\Bandpass filter.say @

Cancel

— A

The user can also multiply any signal spectrum in the frequency domain (equivalent to convolution in
time domain) with a filter spectrum, by specifying the F1, F2, F3, F4 corner frequencies of the
trapezoidal frequency band-pass filter, as well as the Length of the filter in time domain.
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10.2 Velocity model
These procedures process the velocity model.
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10.2.1  Average Velocities from Model

This is done by the command Run > Velocity Model > Average Velocities from Model

-

Average Velocity Model

S

Layered Velodty Model in Depth Scale

Input file | C:\sheldonTestingOfTesseralPro\RunUntited-PQR.sgy

Average Velodty Model in Time Scale

Max t0 (msec) 2000

—

Time Step {msec)

Cutput file | C:\sheldonTestingOfTesseralPro\RunUntited-PQR-VELMOD. . sqy

Cancel |

=

=

The Input file isthe layered velocity model, which may be obtained from the Model Frame by the

command Model > Export to Seismic Format (SEG-Y, TGR).
rﬁ Untitled - TesseralPro l =5 g‘
File Database Edit View Model Map Seismic Run Help
PDEE D ST HE o EE Q& o =/
rx Bmes —F— | ———— & NQA[Hhe g DE 4 5 et g FFEE G & D
A B -
1800 2000 2200 2400 2600 2500 3000§ 1800 1900 2000 2100 2200
S R R R Rk Rk Tk T I S B i B R kb R R Rk B T I R e g gy -4
x |0 80 180 240 320 400 480 580 B840 720 800 880 960 % |0 80 180 240 220 400 480 580 640 720 800 880 960
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10.2.2  Depth-to-Time/Time-to-Depth conversion

The command Run > Velocity Model> Depthto time
transformation transforms migrated sections (cubes) from depth domain to time domain.

Depth to Time transformation Iﬁ

Input file (Depth scale) | C:'\SheldonTestingOfTesseralPro'\Run\Untited-PQR.s J

Component | J

Velocity seismic file | C:'\SheldonTestingOfTesseralPro'\Run\Untited-PQR.s J

" Time scale

i .
Dot Velocity Model

Qutput file (Time scale) | C:\sheldon\TestingOfTesseralPro\RuniUntited-PQR-2 J

Trace parameters (Output file)

From V] ms
To 2000 ms
Step 2 ms

Cancel

NOTE: Velocity seismic file isthe layered velocity model, which may have
been obtained from the Model Frame by the command Model > Export to
Seismic Format (SEG-Y, TGR) (please see Section 12.3.1 for details).

The command Run > Velocity Model> Time to Depth
Transformation transforms the velocity model from time domain to the depth domain.

NOTE:Velocity seismic file isthe file of layered model grid in time domain. It
may have been created from the depth model by using the transformation Depth to
Time Transformation. It meansthat, in the procedure Depth to Time
Transformation,ifthe Input file and Velocity seismic file represent
the velocity model, the Output file will be the same model but in time domain.
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10.2.3 3D Interpolation

With the help of Run>Velocity Model> Interpolation, the user can resample the grid step

for any 3D SGY cube by interpolating between adjacent grids.

To implement this this function, first of all you will need to load the 3D SGY:
File>Load Seismic File followed by Run>Velocity Model>Interpolation.

-

Interpolation

=)

Please select Input model file:
C:Wsers\stefan\Desktop\standard training material\2D B

Cutput model file:

CQutput cube
@ furn OFF X Y
Min: 35 35
Max: 3955 4515
(71 Turn OM
Point (0;0) : | 35 35
Point (;;0) : | 35 4515
Point (0;y) : | 3955 35
For all :
Miry Max Step
Zz |0 4070 5

C:Wsers\stefan\Desktop\standard training material\2D E]

[

Ok

][ Cancel ]

Reassignanew grid step along X, Y, Z, as well as their Min and Max in Turn OFF and click OK.

By default, the X, Y, Z coordinates for the whole cube are elected. The Output model file will

have the newly reassigned grid step, as you can see in its trace headers.

© Tesseral Technologies -User Documentation-

298



10.3 Pre-Processing
These procedures are for preliminary processing.
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10.3.1 Gathering

The procedure is intended for extracting gathers by the criteria of common shot point, common midpoint
or common receiver point or obtaining gathers with common offsets. The procedure applies for both 2D

and 3D gathers. Use the command Run > Pre-Processing > Gathering (GATHER) .

[ ™
Gathering (GATHER) [
Input file I C:\sheldon\TestingOfTesseralPra\RunMd2 +HGathER. =gy J

Component I LI
—Axis ¥
Bin I 1 m
Start | 0 o
—Mod
Stop [ 5000 m nas
% Common Mid Point
—Axis Y ~ Common Receiver Point
Skark I 0 m ™ Common Shot Point
Stop ID - € Common Offset
Murber of channels
1 SamplingRate ———————— 1720
¥ Step I 25 m Mumber of seismograms
f Step | 0 m | 1 3:

Output file I C:\Sheldon\TestingOfTesseralPro\RunMd2 +GathEP-GATHER. _I
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10.4 Stack (Time domain)
The procedure is for time-domain stacking.
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10.4.1 Kinematic corrections (Normal Moveout)

The Normal Moveout procedure applies kinematic corrections to gathers of various type, e.g.,
common midpoint gathers, common receiver gathers (Gathering program) and common shot gathers.
The result is the time domain gathers after NMO correction. Use the command Run > Stack
(Time domain) > Normal Moveout (NMO).

' ~
Mormal Moveout (NMO) [

Input file | C:\sheldon\TestingOfTesseralPro\Run\Md 2 +GathEF . sgy J

Velocity file | C:'\Sheldon{TestingOfTesseralPro \Run Md 2-PQR-VELMOD . sgy J

*mis O fifs
Component | J
Axis X Axis Y
Start a m Start 0 m
Stop 5000 m Stop 1] m

Output file | C:\sheldon\TestingOfTesseralPro\RunMd 2 +GathEP-MMO, sgy J

The average velocity model (parameter Velocity file) may be created from layered depth velocity
model by the command Run > Velocity Model > Average Velocities from Model.
To obtain a time slice of the subsurface image after Normal Moveout correction, use the Stacking
procedure.
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10.4.2  Stacking

The procedure Stacking is meant for stacking traces with a common coordinate after the Normal

Moveout.

Before applying the Staking procedure, the kinematic correction needs to be applied using the
Normal Moveout procedure. The command Run > Stack (Time domain)> Stacking

(STACK) 1s used

- .
Stacking (STACK] [
Input file | C:'\SheldonTestingOfTesseralPro\Run Md2 +HGathEP-NMO. sgy J

Component | J
Axis X Axis Y
Start a m Start a m
Stop 5000 m Stop o] m
Maormalization
Accuracy 1 m

{* Justsum

" Average of summed traces

™ Geometric mean of the above

Cutput file | C:'\Sheldon{TestingOfTesseralPro\Run'Md 2 +GathEP-NMO-STACK. sg J

Cancel |

Accuracy Iisthe bin size used for stacking common depth point traces.

© Tesseral Technologies -User Documentation-

303



10.4.3 CMP Stack

This is used for direct creation of time section by common midpoints (midpoint stacks) without applying
the procedures Normal Moveout and Stacking. The CMP Stack procedure uses the medium®s
average velocity (parameter velocity file). Thecommand Run > Stack (Time domain)

> CMP Stack (SUM) isused.

- -
CMP Stack (SUM) -
Input file |C: \Sheldan{TestingOfTesseralPro\RunYd 2 +GathER . sgy J
Velocity file | C:\sheldon{TestingOfTesseralPro\RunMd 2-PQR-VELMOD  sgy J

*mis  fifs
Component | J
Axis X Axis ¥
Start 0 m Start 0 m
Stop 5000 m Stop 0 m
Accuracy 1 m
Gradient | 0.5

Output file | C:\sheldon\TestingOfTesseralPro\RunMd 2 +GathEP-5UM.sgy J

Cancel |

The average velocity model may be created from layered depth velocity model by the command Run >
Velocity Model > Average Velocities from Model.The Gradient parameter is for

NMO stretch mute.
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10.4.4  Dip Moveout Stack

The user can also implementa Dip Moveout Stack (which implements NMO correction first,
followed by DMO correction and stacking, i.e. 3in 1).

It is well known that conventional normal moveout correction (NMO) introduces mispositioning of data,
and hence mis-stacking when a dip is present. Dip Moveout correction (DMO) is a technique that
converts non-zero-offset seismic data after NMO to true zero-offset locations and reflection times,
irrespective of dip. The combination of NMO and DMO followed by post-stack time migration is
equivalent to, but can be implemented much more efficiently than full time migration before stack
(JAKUBOWICZ, H. (1990), A SIMPLE EFFICIENT METHOD OF DIP-MOVEOUT
CORRECTION!. Geophysical Prospecting, 38: 221-245. do0i:10.1111/j.1365-2478.1990.th01843.x)

The DMO Stack procedure uses the medium’s average velocity (parameter velocity file). Step
describes the sampling (i.e. binning) for stacking across X and Y-axes (in case of 3D seismic).

Dip Moveout Stack (DMO) NN et S|

Input file 1\DesktopiTesseral testsTest\Job-02Untitled +GathAP-Z.say E]

Velodity fle  esktopiTesseral tests\Test\Job-02\Untited-PQR-VELMOD . sgy E]

@mi (O ftfs
Component
Axis X Axis
Start 45 lij! Start 1] m
Stop 950 m Stop 1] m
Step 5 m 1]

Gradient 0.5

L

Output file  top\Tesseral testsiTest\lob-02\Untitled +GathAP-Z-DMO-2.50y E]

[ Ok ] [ Cancel ]
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10.5 2D/3D Migration
Procedures for the migration of time-domain 2D gathers
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10.5.1 Time Pre-Stack Kirchhoff Migration

The procedure is for creating migration image directly from gathers without creating CMP time section
or post-stack migration. The command Run > 2D Migration (Time domain) > Time
Pre-Stack Kirchhoff Migration (PSM) is used.

.

-
Pre-Stack Kirchhoff Migration (PSM) -
Input file | C:\sheldonTestingOfTesseralPro‘\RunMd2+GathAP. sgy J
Velocity file | J
* ms 1 fifs | J
Profile coordinates Qutput section
From | (2400; 0) Start a m Gradient 0.5
.................
To | (5375; 0) Stop | 2975 m \i
Adjust Step 25 m
Apertures MNormalization
¥-coordinate (m) {* Just sum
T(s) | Al{m) | Ar{m)
Add | | | Add " Average
" Average of order 12
Delete
" Average of order 1/4
Delete Al _Delete |
Load | Save |
Qutput file | C:\sheldon\TestingOfTesseralPro‘\Run'Md2+GathAP-FSM. sgy J
Cancel
i

This migration needs the time-domain average velocity model as input, which may be obtained by using
the commands Model > Export to Seismic Format (SEG-Y, TGR) andthen Run >
Velocity Model > Average Velocities from Model. Users can specify velocity
measurement units in the model (m/s or £t/s).

If the migration aperture is not specified, the program may use the default values. To

specify the apertures explicitly, the buttons in the Apertures group are used: Add , Delete,
Delete All, Load (from afile), and Save (to afile).

The migrated section is specified by the parameter Profile Coordinates (whose directionis
specified by the Adjust button) and Output Section (size and step along the profile). These are
mandatory parameters to be input by the user.

The signal stretching is limited by Gradient, whose default value is 0.5. If the gradient is too small,
the images will be too “spread”; if the gradient is too big, some objects may disappear.

The result may be normalized (in this case, the noise and the low signals will be amplified). Usually
normalization is not applied (the Just sum option).

The migrated time section is saved to the Output file. To transform it from time scale to the depth
domain, use the command Run > Velocity Model > Time to Depth
Transformation.
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10.5.2 Depth Pre-Stack Kirchhoff Migration

The command Run > 2D Migration (Depth domain) > Depth Pre- Stack Kirchhoff Migration (DPSKM)
performs the Depth Pre-Stack Kirchhoff Migration. The result is in depth domain. To transform it to
time domain, use the command Run > Velocity Model > Depth to time Transformation.

—
Depth Pre-Stack Kirchhoff Migration l&j
Input file Sample model and it's syntetic seismogramElastic A2b Model+GathAP-Z.sgy E] Gradient 0.5
@ mfs @ fifs Component [ v_] | _l
Model! file jures\Sample model and it's syntetic seismogram\Elastic A2b Model-PQR.sgy D Min time shift 01 e
from direct wave
vpis 2|
Profile coordinates Coordinates along Z-axis
Start X 1036 m StartY 0 m StartZ 0 m
Stop X 5836 m Stop Y 0 m Stop Z 574 m
[¥] Use as output section Adjust Step 2.5 m StepZ 2 m
Time estimation settings Apertures
X-coordinate (m)
Step 2 m [T (Add ) T8 | Am | Am |
» 0 0
Margin 50 m Delete 0.493 150 150
Delete All i* 0 0 0
[ Load ] [ Save ]
[ "] Offset Restrictions
Qutput file  C:\Users\Stefan\Desktop\Standard training material\Processing prc E] : 0 sy [0
[7] sum in time domain [ use GPU [ OK ] [ Cancel j
A

For migration, the layered velocity model has to be in depth domain, which may be obtained by using
the menu command Model > Export to Seismic Format (SEG- Y, TGR). The velocity

measurement units in the model can be specified (m/s or £t/ s).
If the migration aperture is not specified, the program uses the default values. To specify

the apertures explicitly, the buttons in the Apertures group are used: Add, Delete, Delete All,
Load (from afile), and save (to a file), each of which invoke a simple dialogue box.

The migrated section is based on the 2D data. The size of the processing area and the corresponding step
along the profile (in X direction) is assigned in Coordinates along X- axis.

The signal stretching is limited by the Gradient, whose default value is 0.5. If the gradient is too
small, the images will be too “spread”; if the gradient is too big, some intervals may disappear.
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This program uses the eikonal solver to compute time fields. Discretization of the computation grid is
specified by STEP X/7Z inthe Time estimation settings group. The additional frame
(Margin) gives the option of removing the influence of the edge effects. It is recommended to set it to
5- 10 grid steps.

Min time shift from direct wave isused for supressing shot gathers by a particular time
interval after the direct wave arrival ( if necessary!), in order eliminate unecessary migration noise.

Also, by specifying vp/Vs of the medium directly below the observation system, the user esentially
mutes the direct compressional and shear wave on the shotgaters, and therefore eliminates unnecessary
migration noise asociated with these waves.
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10.5.3 2D Duplex Wave Migration

Duplex Wave Migration (DWM) is a newly developed technology capable of imaging events with
dips 60 ° to 90 °. Duplex waves are strong enough to be used for geological purposes.

Duplex waves get reflected twice: from a sub-horizontal surface followed by reflection from the sub-
vertical surface or vice versa. 2D DWM supports only PPP type reflections.
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500
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s > )| (s > || (58 3: Run modeina > e

point: 238 x 234 mm, 1 frames selected

Before running 2D DWM, the user first of all needs to import the 2D synthetic seismograms in SGY
format, as well as the 2D model which generated these seismograms. This is done by clickingon File>

Open in the upper menu.
Once the model and its respective seismograms have been loaded the user can then

proceed to the DWM settings tab by clicking Run>2D Migration (Depth domain)>Duplex
Wave Migration.
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-
Duplex Waves Migration ! lﬂi

Input file Job-02\Processing Edited model\ModelBC_Base_CS - Edited +GathEP-Z.sgy D Reflecting boundary (polygon)

Component v J [Mbrly - ] l Top - ]

Omfs (it
Model P file  C:\Users\Stefan\Desktop\Leismer model\Modeling-Alex\Job-02\Processing Ec D

Orientation of Profile in Plan

Start X 2000 m StartY 0 m I
Stop X 4800 m Stop Y 0 m
[¥] Migrate whole Profile Adjust Step 2.5 m
Aperture
Time estimation settings £
2 v w [V] to the left of source-receiver group:
Sampling 5 m from -1000 m to -100 m
@ HV (JVH 3 ==
Sradent & [¥] to the right of sourcereceiver group:
Margin 50 m "

from 100 m to 1000 m

[
Threshold 0.1 s

Output file C:\Users\Stefan\Desktop\Leismer model\Modeling-Alex\Job-02\Processing Ec |_] [7] Offset Restrictions

II] [ e | min{Xs-Xr) -300 m  max(Xs-Xr) 300| m

A

Inthe Duplex Wave Migration tab, the user will need to double check that the Tnput file is
the correct SGY file, containing the appropriate synthetic seismograms and also specify the name as well
as the location of the Output File (i.e. the migrated seismic section).

The DWM algorithm is designed to image the DW energy that will arrive at a time greater than that of
the primary base boundary. A beam tube construction eliminates the migration noise that would result
from the base boundary primary reflections in the migration summation. For this reason in the Mode 1
P file,the user needs to upload the SGY P wave velocity model (in depth domain), that contains just
the horizontal and the sub-horizontal geological structures, without the vertical heterogeneities, that will
ultimately be imaged by this method. The depth model can easily be generated by going
Model>Export to Seismic Format (SGY) inthe upper menu.

The user will also need to select the Reflecting boundary (polygon) or base boundary for
duplex waves reflection. For exactly this reason the imported 2D model MUST at the very least have the
base boundary as a polygon (see section 3.2). The base boundary should of course be below the sub-
vertical heterogeneities that need to be imaged by DWM.

The migrated section is specified by the parameters Start X and Stop X aswellas Start Y and
Stop Y inthe Profile Coordinates tab (whose direction can also be specified by the
Adjust button). The parameter Step is recommended to be identical to the grid step that was used
for forward modeling.
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This program uses the eikonal solver to compute time fields. Discretization of the computation grid
along the X and Z axis is specified by Step inthe Time estimation settings group.

Inthe Aperture tab the migration aperture for duplex waves is assigned. The user can specify a left
aperture by specifying the distance to the left of the source receiver group Ora
rightaperturetothe to the right of the source receiver group. Also,asymmetric
aperture can be assigned by specifying both. The left aperture is to the left of the leftmost
source/receiver in the observation system, while the right aperture is to the right of the rightmost
source/receiver.

The signal stretching is limited by Gradient, whose default value is 0. If the gradient is too small, the
images will be too “spread”; if the gradient is too big, some objects may disappear. There are two
possible orders of reflections- HV and VH (i.e. reflection from the horizontal boundary followed by the
reflection from the sub vertical boundary (HV) and vice versa (VH).

For offset restrictionsuse min (Xr-Xs)and max (Xr-Xs) . Only the specified traces will be
processed by DWM, the rest will be omitted. Please note that the specified values can be negative for
traces to the left of the source and positive for traces to the right of the source.

The Threshold isused for suppressing the shot gathers by a particular time interval after the
compressional direct wave arrival (if necessary!), in order eliminate unnecessary migration noise.
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10.5.4 2D Converted Duplex Wave Migration (CDWM)

Converted Duplex Wave Migration can be applied to PPS, PSS and PSP type duplex wave, as you can
see in the cDwM window. And depending on the type of converted duplex waves, you may be required
to use the X component (i.e. horizontal particle velocity) of the synthetic seismograms and also load the
S Model File.

Converted Duplex Waves Migration .
—

Input file er model\Modeling-Alex\Job-OZ\ModelBC_Base_CS - Edited +GéthEP~Z.sgy @ Reflecting boundary (polygon)

Component v] [KEQ River v] [Top v]

@mjs (O ftfs
Model P file  Desktop\Leismer model\Modeling-Alex\ModelBC_Base_CS - Edited PQR.sgy [Z]

Model S file  sktop\Leismer model\Modeling-Alex\ModelBC_Base_CS - Edited PQR_R.SGY @

Orientation of Profile in Plan

Start X 2000 m StartY 0 m

StopX 4800 m  StpY 0 m

Migrate whole Profile Adjust Step 2.5 m

Aperture
Time estimation settings
e v T [7] to the left of source-receiver group: l
Sampling 5 m = S P = from -300 m to O m
@HvV CVH S Gradient 0

[¥] to the right of source-receiver group:

MaEGra 50 B fom 100 m to 1000 m

I ["] between source and receiver:
Threshold 0.1 s  Sequence of waves migrated {requires X-component of seismogram) 5 m  from left point
PPS : .
PSP -5 - From right point
Output file el\Modeling-Alex\Job-02\ModelBC_Base_CS -pgg EP-Z-CDWM.sgy [B 7] Offset Restrictions

The user also the option of specifying internal apertures (i.e. between source and receiver).
This option should be used for the imaging of transmitted converted waves.
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10.5.5 2D Duplex Wave Migration from Scattered Waves

Application of DWM for scattered waves is most suitable for targets below the last strong reflecting
horizon, such as faults, salt domes and other steep structure flanks.

rDuplex Waves Migration From Scattered Waves . @

Input file 1er model\Modeling-Alex\Job-02\ModelBC_Base_CS - Edited +GathEP-Z.sgy E]

Depth interval 50 m
@mfs  Cfts Component [ '] ?

Model P file  Desktop\Leismer model\Modeling-Alex\ModelBC_Base_CS - Edited -PQR.sgy E]

Orientation of Profile in Plan

| Start X 2000 m StartY O m l
Stop X 4800 m Stop Y 0 m
[¥] Migrate whole Profile Adjust Step 2 m
Aperture
Time estimation settings ==
0o [7] to the left of sourcereceiver group:
Sampling 2 m 5 from -300 m to O m
@ HV E
: : Gradient & [ to the right of source-receiver group:
" Margin 250 m . 100 m to [1000
[
ing- - Edi E N 3
Outputfile  \Modeling-Alex\Job-02\ModelBC_Base_CS - Edited +GathEP-Z-DWMSW.sgy E} 7] Offset Restrictions
|

Unlike for DWM for PPP and converted waves, no base boundary is specified for this method. Instead,
the Depth interwval orthe base boundary depth step for scattered duplex waves relative to the
bottom off the model is specified. The automatically generated base boundaries are perfectly horizontal
and they are computed for the entire model depth.
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10.5.6 Depth 2D VSP Migration

To run 2D depth VSP migration choose Run > VSP procedures

(Depth domain) > 2D

Depth Kirchhoff VSP Migration (PSDM) from the menu. The next dialog will appear.

Depth Kirchhoff VSP Migration X
Input file | C:\seis_data\2D migr\up2.sgy Gradent | 0.5
Component v .
Model file Min time shift 0.1 ] j
from direct wave | Jr 8 }
T ) \
VoNs | 1.73264 |
Profile coordinates Output section Coordinates along Z-axis
sartX [-1998.3 | R sty [0 | & Start [ 7898.3 ft
StopX | 7001 |®  swpy [0 | Stop | 8999.3 &
Adjust step (476 | R
Time estimation settings Apertures for horizontal boundary
X-coordinate (ft)
St ]
v — Add T6) AR) | A®) | B\Vaves reflected from
4| 0 0 0 horizontal boundary
Margin 200 Delete
Delete Al 0 Waves reflected from
vertical boundary
Load Save
— - - [Joffset Restrictions
Output file || C:\seis_data\2D migr\up2-PSDM-1.5gy [ fse :
[[]sum in time domain m Cancel

The dialog automatically picks up a shotgather for migration from the current Seismic frame. (If the
shotgather is not selected or does not fit, select another one using the button . . .). The output file will

contain the migrated section. Its name is also automatically generated if the name of the input shotgather
file is selected by adding the suffix “+ PSDM” to its name. If a file with the same name already exists,
an additional version number is added (a digit from 0 to 9).

Min time shift from direct wave isused in order not to exclude the trace fragment of TO

times from t-s to t+s, where t is the first arrival time of the wave incoming from the source to the
receiver, and s is the value of this parameter in seconds. (The value of t is automatically calculated for
each trace according to the velocity model during the migration process.)
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The checkboxes Waves reflected from horizontal boundary andWaves reflected
from vertical boundary determine which borders to build in migration: (horizontal, or
vertical); in our case, the borders are only horizontal, so select the top flag.

The start, Stop, Step of the migrated section grid in depth (Output Section)are automatically
determined from the velocity model (Model frame).

The spatial Step of the section grid (both in length and depth) inthe Time estimation
settings section may be different from the corresponding output section sampling (Step from the
Output Section). The former is used internally for calculation of wave propagation times by
eikonal algorithm. Its default value is estimated by a heuristic rule. A smaller step provides greater
accuracy of the calculated times for the cost of quadratic deceleration. (l.e., the deceleration coefficient
is of the power of 2 relative to the scale factor of the change in step). The Margin nextto the Step is
needed to weaken the influence of the edges of the model.

Each sample of the input seismogram trace is “smashed” within a cone (a triangle in 2D) which is
defined by the migration apertures. For each trace, the triangle is plotted from the midpoint between the
x-coordinate of the source (xs) and the x-coordinate of the receiver (xr).

{xs + xr)*0.5 =6500
len 0 1000 2000 3000 4000 5000  60dp 000 8000 9000 10000 11000 1200

hO = 1806

200

h1=270¢

400

h2 = 150? {j v2 = 9000

\_‘_l

Al (ft) = 1610

The migration apertures can both vary along the recording time axis in the vertical direction TO and
depending on the position of the source. The default aperture values are selected so that the angle at the
apex of the alpha cone is about 15 degrees. The ellipse arc shows at which points of the output section
the trace value of the input seismogram will be summed over time t=ts+tr (= 1.715 in the next figures),
where ts is the first arrival time of the down going wave from the source to media cell, and tr is the first
arrival time of the upcoming wave from the media cell to the receiver.

© Tesseral Technologies -User Documentation- 317



t={t0+tl+12)*2=1.715

Apertures for horizontal boundary
x-coordnahg (ft)
B | Add Te) /L AR) [ AR |
» 0 0
Delete 1.715] 1610 1610
Delete Al — 0 0
Load Save

The migration apertures can be different for different shotpoints. If there is just one aperture X-
coordinate, the aperture is used for all traces (and so its X is ignored).

Having completed entering the migration parameters, click OK to start the migration calculation and get

the result.
ﬁmodVSP - TesseralPro - ] X
File Database Edit View Model Map Seismic 3DView Run Help
)osE2C ESPoHET 4 n BB QAR | mE| v
AR BBEBI® % v | 8 & N & [#] ke ha | vz 2w | B B o | B =
B A

10000 1200

o 4 X 0 4000 8000 1200
X | €000 100 €200 €300 €400 €500 €600 6700 €800 €300 7000 Y 0 0 0 0
len O 4000 8000 1200

Len |0 100 ‘200 300 ‘400 ‘500 ‘€00 ‘700 ‘800 ‘900 ‘1000
g

point: 170x 18 mm, Bottom title size: 104 x 31 mm

d T ———————————.
2000 2000
4000 4000 34000 14000
- - -
o CARKERRV v
< >
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10.5.7

To run 3D depth VSP migration choose Run > VSP procedures
Depth Kirchhoff VSP Migration

Depth 3D VSP Migration

(Depth domain)

> 3D

(3D PsDM) from the menu.

Please note that only migration of P waves reflected from horizontal boundaries has been implemented
for this method.

r N
Depth VSP Migration [
Inputfie 'SP al shots\DUPLEX_VELOCITY_MODEL_newsort_revers+Gath3DAPUZ.sQy  [u..) Gradient 0.5
@ mfs ) fifs Component [ v] U
Model P fle  C:\Users\Stefan\Desktop\Tesseral tests\3D VSP Modelling test\3D VSP all she D
Time estimation settings
Model S file StepX¥/Z 5 m
Output cube
e Margin 50 m
X00 446.4 m Yoo 1259 m StepX 50 m
Apertures
Xx0 3022 m Yx0 379.8 m StepY 50 m
T (s) Radius (m) |
» 0
X0y 11459 m YOy 39798 m [7] | Rotated Axes... - 1.801 1030
kil 0 0
StartZ 0 m StopZ 4070 m StepZ 5 m [ o ] [ e ]
Waves reflected from
horizontal boundary
Min time shift 0.1 =
__ from direct wave :
Output file C:\Users\Stefan\Desktop\Tesseral tests\3D VSP Modelling test\3D VSP all she [_J
o]
A

Input file —3D seismogram file. If the file type is TGR (as opposed to SGY) it is necessary to

specify the Component of the data file that is to be processed.
Next you must load the depth Model P file and specify the size of the output migrated cube.

The output (imaging) area is rectangular. And there are two ways to define this rectangle:

- In general case the output rectangle is defined manually by coordinates of 3 sequential
corner points: Xxx0, Yx0, X00, Y00, XOy, and YOy inthe Rotated Axes
group. Approximate values may be used. The program adjusts the coordinates to
form a true rectangle.
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[ Geometry l-gh_J )

— If the output rectangle boundaries are parallel to coordinate axes it can be
alternatively defined by the parameters: StartX, StopX, StartY,and StopY.
The program supports output of vertical sections, so combinations like
StartX=StopX and StartY=StopY are enabled.

StartZ, StopZ isdepth interval of the output array. StopZz must be below (bigger) then boundary
depths of the model file.

StepX, StepY, Stepz are the grid steps for the output array.

To specify the circular aperture explicitly enter directly the T (s) and Radius (m) inthe

Apertures group. If the migration aperture is not specified, the program uses default values.

Min. time shift from direct wave (s) Iisused for muting VSP gathers by a particular
time interval in order to eliminate the migration noise associated with the direct wave arrival.

The rest of the parameters in Depth VSP Migration window are exactly the same as for 2D
Time/Depth Pre-Stack Kirchoff Migration (Please see section 10.5).
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10.6 Post-Processing
Procedures for post-processing of seismic data:
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10.6.1 Trace-wise Procedures

One Trace Procedures l ﬁ

Input file | C:\Wsers\Stefan\Desktop\Export_to_seismic_format_test|Test-1+Gathd ...

[ Zero Balanding I window lenght |0 ms

[ Linear Gain top gain | 1 bottom gain ’1—
[ Mormalization align traces by |Energ',' J
[ Auto Gain window lenght | 0 ms noise "J— %o
[ Add White Moise standard deviation of noise ’El— %%
[ Random Shift standard deviation of shift ’El— ms
[ Smoothing window length ,D— ms
[ shift lergth ’El— ms
Final Scaling magnitude IW Yo offset ’D—

Cutput file | C:\Wsers\Stefan\Desktop\Export_to_seismic_format_testiTest-1+Gathe ...

Cancel ‘

b = |

Check a box to apply the function to all the traces.

e Zero Balancing for balancing the traces to zero average value.

e Linear Gain is for increasing the amplitude of the top (top gain) or bottom
(bottom gain) parts of the traces.

e Normalization istonormalize a trace using one of selected criteria.

e Auto Gain istosmooth the trace automatically. The parameters of such smoothing may
be: window length is the time (or depth, metrical) interval for which the smoothing is
carried out, noise is a threshold (noise threshold in percent of the maximal amplitude)
and outside this threshold smoothing is suppressed.

e Add White Noise (in percent of the maximal amplitude) is to add white noise to the
traces.

e Random shift istoaddarandom shift to the traces.

e Smoothing s to cut out the high frequency noises, if they are in the image.
e Shift isto shift the whole trace up or down along the time direction.

e Final Scaling (in percent of the maximal amplitude) is to change the absolute value
of the amplitudes.
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10.6.2  Zeroing of the seismic cube above surface

With the help of this function the user can mute any given 3D seismic cube above the specified horizon.
To implement this function first of all load the SGY cube File>Load seismic file..

15 Model &-L1pa - Tessersfra

Lo | 6
Ede  Database Edt View Model Map Seismic  30View Run Help
PosE2C LRI HEE 4 n BBARARXR = - ||
A x @8RS J | J BNA [Hhe 55| EE 6 |t =l [FEIE &P T
sEn 7

...followed by Run>Post processing>Zero Seismic Cube above a surface.

g - N
Zero seismic cube above a surface @
Input
Seismic cube C:\Users\Stefan\Desktop\Tesserral Pro testing new version\DUPLEX_VELOCITY_NM @
Surface map C:\Users\Stefan\Desktop\Tesserral Pro testing new version 3D Model building tes [E
Layer height 800 m
Output
Output cube Cr:'\usersr\stef'anbé;kfbpiTesserral ﬁ:;o testmg new verscon\DUPLEX_VELOClTY_l\ E]
( oK ] [ cancel |

Make sure the correct cube has been loaded in the Seismic cube dialogue, then load the Surface

map (i.e. the horizon) and specify the Layer height, which is the distance above the horizon of the
specified Seismic cube that should be preserved.
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£ Untitied -TesseraPro k- 3

= | ©

Ble Database Edt View Model Map Sesmic 3DView Run Hep

PosE (2 (ERAD | HE % BB QAR

B — | 0 b N[k e B E 4 [f

ENIsht

‘30003800

% W6 W00 800 860 1000 1200 1400 1600 1800 2000 200 2400 3600 7800
ten [0 '200 ‘400 ‘eco 'son ‘1000 '1200 ‘1400 'e00 '1800 '2000 ‘2200 ‘2400 '2000 ‘2800 '3000 '

£

1=
000

point; 174 x 201 mm, 1 frames selected

© Tesseral Technologies -User Documentation-

324



10.6.3  Zeroing of the seismic cube under surface

With this function the user can mute any given 3D seismic cube below the specified horizon. To
implement this function first of all load the SGY cube File>lLoad seismic file..

5 Model A-Ltpa - TesseraiPra Lo | & e

Fie Database Edt  View MM_M. Seismic 30 View Run  Help

P DEE|2C ESAA R % % R QRS o - [ e

Ax BEES % ) ) wNaHk S22 OB =EE-FEELD < 5
A

EVIRE

o He M0 W0 W0 8G9 800 W00 N 1E0 100 145 10 1800 1700 1800 1860 00 F00 |Z00 H00 2400 200 2600 HO0 Wee B00 368 30 00 B0 300 30 5% 30 300 380
y 1300 ' 1500 o " ’ ' pes ”

[_STEP 1; Create Veloaty Model > | [ STEP 2: Acaumon Geomeiry > | [_STEP 3: Runmodeing > | [ mee |

Synthetic semograms cresting:

point: 321 x6 men, 1 frames selected.

...followed by Run>Post processing>Zero Seismic Cube under a surface.

Zero seismic cube under surface : &
= = &
Input

Seismic cube | C:\Users\Stefan\Desktop\Standard training material\2D and 3D ray tracing\3D Ral @
Surface map C:\Users\Stefan\Desktop\Standard training material\2D and 3D ray tracing\3D Ra (Z]

Layer height 300 m

Output

Qutput cube J Ray Trading files\DUPLEX_VELOCITY_MODEL _newsort_revers_crop_under.say E]

Make sure the correct cube has been loaded inthe Seismic cube dialogue, then load the Surface
map (i.e. the horizon) and specify the Layer height, which is the distance
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above the horizon of the specified Seismic cube that should be eliminated.

i:j“":;b::ai::n View Model Map Sesmic  30View Run  Help

NEF IR LEIN] R e C L 1L

sxBEESS 0 | 0 sNaAHk &R OE - THEAD
A

]

Lo | 63 i

2¥50

r Ta @0 80 800 1000 1250 400 T1eG0 IS0 3000 "EE00 50 TH600 3800 3000 T S0 300 3800 % 6 @0 800 T80 1080 1300 10 160 TIBO0 3000 "EI0 3400 3800 300 3000 TI0 T30 30 nnul

ten [0 '00 ‘40 ‘eco 'soo 1000 '1200 1400 1000 ‘1800 '2000 '2200 ‘2400 200 ‘2800 ‘3000 '3200 3400 3600 3800 Lan [0 20 'wn ‘w0 ‘s00 oo 1200 ‘1ao0 'teod ‘1200 000 ‘200 ‘20 'e00 ‘200 ‘00 ‘300 o0 ‘sewo ‘mw |
500 500 § 500 500
1000 (7060 4/ 7000 | {000
0] 2000 W:_

2500 2500

iJDﬂO laﬂﬁv

-3500- 3500‘

For Help, press F1
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11 Working with Frames

In this section, the general guidelines for manipulating different Frames are presented.

Tesseral Pro supports 4 types of Frames — model, surface, gather and 3D-view. The parameters for a
Frames' display can be customized in the dialogue box and with the help of the options in the
corresponding menu. Frames can be deleted, moved and duplicated. Operations with one or more
Frames are supported as well. A Frame can be printed or exported to an exact vector (raster-type) picture
(WYSIWYG technology). There are the two main modes to display Frames: Document view and
Tablet view. More information can be found below.
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11.1 Frame types
The Tesseral Pro program supports 4 types of Frames:

'E Md1 - TesseralPro = ‘ E)
File Database Edit View Model Map Seismic Run Help
PR [22 =000 Hll o BE Q& Q@ =1 |[jm
A0
55 Seismicfiles A Model Frame E Map Frame
e — - P
E-E General (m) | 1800 2000 2200 2400 2600 2800 3200 3100 3000
G0N RP - Top -1

& 10 7170 7180 7190 7200
£ 11(DM

=-& 12(DN
®=-E 13 (DN
-0 14

£ 1500 |=

£ 16 (DT
-6 17 (DT)
& 18(DN
=-E3 2(DT
@6 20
#-E1 21(DT)
£ 220N
£ 23(0M
€ 24 (DN
€1 25 (DT
®=-E 26 (DT)
®=-E 27 (DN
=-E 28(DN
& 29

£ 30
&3

& 32
-6 33

£ 34(DT
£ 3507
£ 36(00

rame

<« 1 »
Kil| ol

For Help, press F1
\

o Model Frame (Model) is the Frame in depth. Model is always created in depth. The
velocity model is formed by polygons based on the well logging and/or seismic data.
The polygons are created by the user manually or automatically from the map of
stratigraphic horizons (see Section 14.2.7). Information related to velocity, density and
anisotropy or fracturing can be entered in each polygon. The polygon parameters are set
manually in the dialogue box or may be loaded from the well logging data for selected
wells (thin layering). Information about shot and receiver points is also entered into the
model. The built velocity models with shot-receiver layouts are used for calculation of
the synthetic gathers. For more details about the Model Frame, please see Section 3, 4,
and 12.

o Surface Frame (Map) is the Frame where the map of the wells location within the
field and the map of the surface calculated by the well data or imported from external
text files are displayed. The information needed for calculation of the surfaces, namely
the coordinates of the layers and the wells intersections, should be loaded to the
database in advance. Tesseral Pro has 9 methods for map generation, such as spline-
approximation, Kriging and multiple regression. The cross-section model (Model
Frame) for any section traced in the map is built automatically on the basis of the
calculated (loaded) surfaces. More details about the Map Frame can be found in the
Section 14.

o Seismic Frame (Seismic) displays gathers in SEG-Y, SDS-PC, and TGR formats.
3D gathers display also is supported. Please see Section 13 for details about the Frame
Seismic.
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o 3D View Frame Iis for visualization of 3D images. Please see Section 15 for details

about the 3D View Frame.

To create a new frame, use the command File > New Frame. After that, in the dialogue box of the
frame parameters, the default values may be changed.

Each type of frame has its own 2 headers (the upper and the lower one). In the upper header, any text is

displayed (by default, the upper header looks like the header of a pane in Windows), and the lower

header contains special information specific for each type of Frame.

upper header

lower header

vertical )

scale

o

Top

Bottom

le ft
boundary

right
boundary

data area

NOTE: Double click on the header of any frame to “expand” this frame to the whole
window size (equivalent to the command View > Frame Full Screen). The

repeated double click on a frame header arranges frames in form of “grid” inside the
window (equivalent to the command View > Arrange Frames).
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11.2 Frame Selection

Please use the left mouse button to select a Frame from the document field. The selected Frame will be
shown inside a dotted rectangle. To cancel the selection, click outside the Frame boundaries using the
left mouse button. The selection or de-selection of several Frames is implemented by the standard
method for Windows. To select several Frames, please use the left mouse button together with the Ctr1

or Shift key.

Also inthe Document View Mode, you can select a group of Frames by pressing the left mouse
button outside the Frames on the blank field of the document and then dragging it (while pressing the
left mouse button) to create a rectangular area. All Frames that fall inside this area will be selected.

The last Frame selected is assumed to be the main Frame, and all the individual (non- group) commands
will be applied to it. To change the selection of a Frame, click on it with the left mouse button while
holding the Shiftkey. To select a Frame as the main one, please click on it with the left mouse button
while holding the Citrl key.

To select all Frames at once, please use the command View > Select All Frames,andto
de-select all the Frames, use the command View > Deselect All Frames.
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11.3 Frame layout

In order to move a Frame within the Tesseral Pro main window, please press and hold the left mouse
button on the upper headline of the Frame and just drag it. There are two modes of Frame layout.

1. Vview > Document View Mode — Frames are freely distributed in the document.

r N
ﬁ Md1 - TesseralPro E@g

File Database Edit View Model Map Seismic Run Help

PDEE 2R HE - REB QRQ R0 =l E e
ERA809

<G Seismicfiless 1 4 4 4 9 § q4 g 9 o 1 1 1 14 1 1 17 4
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£ 11(DM T 510 s
& 12(DD
-6 130D | | =
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£ 16(0T
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@61 18(OD
& 2(0M Lo |
&2 11000 |

[

m

-3 21(DT) e |
-3 22(0T)
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&

5.0 350D [
0-£136(0N _ =
<« 1 | »

point: 80 x6 mm, 0 frames selected | 4
L

In this mode, the Frames can overlap each other, therefore the commands View > Bring Frame
Forward and View > Bring Frame Backward are used to set the right visualization order.

2.View > Tablet View Mode — Frames are only distributed in table cells. To change
the size of any cell, please drag it with the mouse (while holding the left mouse button)
from any Frame side, or change the size of the column (row) of the table in the internal
axis of the Frame window.

If you drag a Frame into a cell used by another Frame, the old Frame will be moved to the nearest free
cell.

NOTE: Please use the command View > Arrange Frames to sortthe Frames

automatically according to the sizes of their windows. For an easier way to work with
selected Frame, please use the command View > Frame Full Screen.
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11.4 Frame size

The width and the height of the Frames are adjusted in the dialogue box Edit > Edit Frame
Properties. The height of the upper and the lower headers is defined in the dialogue boxes of the

upper and the lower headers, respectively. For the Frames displayed in depth or time scale (Model and

Seismic), the height and the width are calculated automatically from the top, bottom and scale

information. The sizes of the Frames may be changed by the mouse, which can be done by dragging the

Frame's borders while pressing the left mouse button. While several Frames are selected, the changes
will be only applied to the main (last) selected Frame. The size of the remaining Frames will be the
same. The height and the width of the upper and the lower headers will be changed by pressing and

dragging the lower headline border.

NOTE: It is possible to change the top and the bottom of any Frame with the scale by
dragging the top or the bottom with the Ctr1 key pressed.

The next picture shows the different ways to change the

‘_/6 @ All actions are performed by using the left
mouse button

Move to the left/right

Frame parameters

Move up/down

7

Upper headline Change the height of

N

T/ the upper headline

—

Lower headline Change the height of

+Ctrl
Change the
content's top

/{E }/ L the lower headiine

Change the width

+ Ctrl
Change the
content"s bottom

11
lE Vo]

NOTE: While changing the Frames' sizes in the Tablet View Mode, the sizes of all
Frames in the same table row and column are also changed.
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11.5 Undo/Redo

Working with Frames, you may undo any action (or sequence of actions) using Edit > Undo.To
redo the action that you“ve undone, please use Edit > Redo. Commands Undo and Redo are not
supported while working with files (menu File), database (menu Database) and calculating and
editing seismic surfaces (Map > Add New Horizon from Well Tops,Map >
Manage/Delete Maps,Map > Active Map).
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11.6 Scale of display

To scale the document (zoom in/out), please use the command View > Zoom or the scaling
buttons in the main toolbar.

Buttons for zoom

vic Run  Help
=1 B | | B B\ S & X ey 1o =18 &
=) 50 7 9 | = S

A

1000 2050 2100 2150 2200 2250 2300
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11.7 Print and export

Documents are created on the principle of WYSIWYG by using Frames. For more details, please
see section 11.3.

Please use the command File > Print to printa document.

Apart from printing, documents can be exported as a picture in any of the following formats
(TIFF, EMF, WMF and BMP) by using the command File > Save as Picture.
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11.8 Project tree and the database

After the new project is saved (command File > Save Project), or after loading of an old

project, in the left window of Tesseral Pro, the tree of the opened project is shown. This tree helps to
systemize all loaded and created files.

i™ aa.tpa - TesseralPro I [=] E
File Database Edit Wew Model Surface Seismic Run  Help

IR EEE L R EE L 1]
E ﬂ |. CED\ . Modeling results in separate branches |
A

=B aa /
. ‘& Acoustc aa+GathEP sgy
El @ Elastic W] 2500 3000 3500 4000

x4SDDyD|

aa+GamEP gy
------ E aa+GathEP.tgr
E| B Snapshots

= aa+SnapEF.tgr
= & Signal

------ E aa+WaveEP l.tgr

len 0O 2000 4000 EDDD

Frames in the window
on the right

KL | K | B

Synthetic seismograms creating: STEP 1: Create Velocity Madel = || STEF 2: Acquisition Geometry > || STEF 3: Run madeling = ||

Hidle

point: 10 x 84 Bottom tite size: 74 x 18 mm | | | | v

The point is that, during the modeling of synthetic gathers, several files are created and they are all
located within the same folder (please see details in the Section 5.4). Additionally, after launching
several jobs for the same model using different modeling techniques, more sets of output files are
created. All these files are located in the same folder, and it may be complicated to find the needed one:
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. UserDocs_Tesseral

, 20 items

@U" . » Computer » Local Disk (C:) » Sheldon » TestingOfTesseralPro » Run v | s l | Search Run p el ‘
Organize ¥ Include in library » Share with « Bumn New folder + [ @.l
% Downloads “*  Name : Date modified Type Size
:.4 Recent Places &
5 ﬁ Md2.tpa 2/15/201310:11 AM  TesseralPro Docume... 744 KB
s 2| Md2+GathAP.sgy 2/15/201310:10 AM  SGY File 326 KB
o, Lrenes || Md2+GathAP.sgy.cr0 2/15/201310:10 AM  CRO File 6KB
| Documents ~ .
I B Md2+GathAP.tgr M TGR File 881 KB
J" Music 01210 g
) | Md2+GathEP.sgy 2/15/201310:11 AM  SGY File 326 KB
k=| Pictures i SR i
B vid || Md2+GathEP.sgy.cr) 2/15/201310:11 AM  CRO File 6 KB
0s =
e E| &) Md2+GathEP.tgr 2/15/20131041 AM  TGR File 1,175 KB
[#] Md2+SnapAP.tgr 2/15/201310:1 TGR File 41,308 KB
1M Computer AL eI S o5
B K |_| Md2+5SnapAP.tgr.ci) 2/15/2013 10: CRO File 17 KB
& Local Disk (C:) R X .
el 2| Md2+SnapEP.tgr 2/15/201310:11 AM  TGR File 165,545 KB
) del
|| Md2+SnapEP tgr.cr0 2/15/201310:11 AM  CRO File 29KB
An example of a folder | | Md2+WaveAP-1.tgr 2/15/201310:10 AM  TGR File 8 KB
with results of Acoustic | | Md2+WaveEP-1.tgr 2/15/201310:11 AM  TGR File 8 KB
and Elastic modeling ) Md21.tam 2/15/201310:11 AM  TAM File 16 KB
+ : 2] Md22.tam 2/15/201310:11 AM  TAM File 16 KB
Program Files (x86) - R _
#] Md23.tam 2/15/201310:11 AM  TAM File 16 KB
ProgramData % v 5
2| Md24.tam 2/15/201310:11 AM  TAM File 16 KB
Sheldon ~ X R
2| Md25.tam 2/15/201310:11 AM  TAM File 16 KB
, Tesseral Data i = :
i || Mod2D.log 2/15/201310:11 AM  Text Document 9KB
Tesseral Technologies o s = :
4 | runtask.ini 2/15/201310:11 AM  Configuration settin... 1KB

A

The project tree will simplify this task. The branches in the tree have the same names as the

corresponding modeling method (Acoustic, Elastic, etc.). The remaining seismic files, which are
created, for instance, by procedures of gather processing, are located inthe branch Seismic files
of the project tree. A double mouse click on a file in the project tree will create a Se i smic Frame for
this file in the right window of Tesseral Pro.

The last nodes of the project tree are frame nodes (Model, Map, Seismic).

The branch «Database» connects to the Tesseral Pro database (please see details in the Section 17).
Double click these items to maximize the corresponding size in the window on the right.
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12 Model Frame

The Model Frame is used for creating depth velocity models using polygons, well data, underlying
seismic images (2D or 3D models). After that, the velocity depth model is used for calculating synthetic

gathers.

Please see:

Section 3 for details about model creation
Section and for using well data

Section about filling of a model with polygons, Section 4 about creation of the
acquisition geometry

Section 5 about launching job of modeling a synthetic gather

Section about displaying computed gathers, seismic models and field gathers
Please see below for some additional features about using the Model Frame.
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12.1 Properties of the Model Frame

To invoke the dialogue box with properties for an existing Model Frame, please select the command

Model > Model Frame Properties.

i k|
Model Properties ﬂ
Select well data to be used
. T e — .
Top litle | Palette | Huarizantal scale |
. “width (mim) |133
Bottom title | Fant | Wertical zcale |
Height [mm] I'I 30
Select well(s) [  Background | el data
- Show Well Depth interval——————————— Barehole |
v f - Left side ~ Riight side
Top -400 ft
Add> r s | | ® log |
Delete < Bottom I‘I 7000 ft v Layers | r Layers |
DEEbel« Setdepthinterval | seaet [133885 - O [ S | | T | Scak |
| r Backgmundl - Backgroundl
. Section interval
Zoom map | [ Draw section manually T e |
10000 15000 Lenght I‘I onoo ft
= e Azimutk |2‘I 83 Cormponent ICompreSSiDn Yelocity LI
s s
. cale |BB4SE 'I B age seizmogranm
= =< Select a section oA 2 |
§ § beg. I‘I 54300 ft / B aze picture |
: : vbeg [158830 ft / ,,,,,,,,,,,,,,,
10000 15000 Cancel |
Adjust seismic underlay

All the parameters input via the model building Wizard, may be changed manually in the dialogue box

Model Properties.

To select wells for the model — Please click the button 2Add >.

-
Select Wells

S

siataia)

5] General [m)

[ E55:35] Gorobcivskaje (ft

Figld

wells

»

m
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To select a section line — along which the model section will be created. After checking the option

Draw section manually, inthe lower left corner of the Model Properties dialogue box,

you can draw the section line by using the mouse by pressing-dragging-releasing. To define the section
line more precisely, you can: A) Select the origin coordinates, the azimuth and the length of the line in
the Section interwval group; or B) Click the Zoom map button to load the map for visual input.

To set depth interval — In the Depth interval group, please specify the top and the

,

1" Map [ [l -&-I‘

r IY r 1_’x . YI C >?_I
o Ed
T i
4 Y
i i ¥ . v Cancel
Ag ,
ks s

Section

#beg 154200 ft Hend |78E22 ft

Y bea. |15883.0 ft Y end. |9685.2 ft

Zoor ot

2] Usze right mousge button to select the on the map below a vizible rectangle

1] Use left mouse button to draw madel prafile an the map below

3] Resize the dialog window to change the size of map belaw
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bottom of the model.

To select the data to be displayed for the well —Inthe well data group,
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thetic seismograms creating: STEP 1: Create Velodty Model > || STl
)8 | Cancel | =

Help, press F1
P. P AL 2

Baze seismogram |

LT

Base picture |

Left side — The data to be displayed on the left side of the well bores Right side —The data to
be displayed on the right side of the well bores Please select the type of well data you want to display.

Log — The well log data. From the dialogue box of the well log parameters, please select the logs you
want to display. For more details, see the Section 3.2.10.
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12.2 Model re-size
The command Model > Scale isused.

i B
Scale M
200 2000 2200 2400 2800 2800

len 0 2000 4000 8000

Depth———
Lenght I?DDD m Top ID m

Bottom |3DDD m
Shift polygones to Ib:: right LI on ID m

Re-size model by Scale I 1

Using this command, you may change the size of the model by stretching or compressing all polygons
and location of sources and receivers consistently, which is done by specifying the parameter Re-size
model by Scale.

NOTE: If you like to change the measurement units for the whole project (ft to m orm |
to ft), it is recommended to use the command File > Project Properties
(please see details in the Section 16).

If the parameter Length, Top or Bot tom is changed, the polygons of the model will not be stretched
nor shifted.
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12.3 Model export

It is possible to export a model to any of the 3 seismic formats (TGR, SDS-PC or SEG- Y), andto a
TAM format used by Tesseral 2D.
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12.3.1 Model export to a seismic format

Please use the command Model > Export to Seismic Format (SEG-Y, TGR).

r

-

Seismogram calculation @

Seizmic file name Fit file name

C:ATezzeral TechnologieshT ezzeral ProsModel zgy

Sampling Rate
Step by length 50 m
Step by depth 50 m

E wport M edium Snizotropic Properties
Companents: walue range Caricel
Components: value range @
Compatient [ rikz Kin value b ax walue
Compressional velacity s 100 10000
Dienzity kadm™3 1000 3300
Shear velocity s 0 G000
[ ] ] | Cancel |

In this dialogue box, please specify the cell size, the name of the output file. The minimum and
maximum values of each component in the Components: value range window are to limit the
possible spikes after interpolating the well log data.

NOTE: If the TGR file contains multiple components or if you export a model in SDS-
PC or SEG-Y formats, then 3 files will be generated (one file for each component). File with the
selected name will contain the data of Compressional velocity (<file name>-—

PQR.sgy), Density (<file name>-PQR_Q.SGY) and Shear velocity (<file name>-
PQR_R.SGY).

After creating these files, a Seismic Frame should appear in the Tesseral Pro window to display the
gathers created from the model.

Please see results
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Vﬁ Md2.tpa - TesseralPro &Iﬂu‘
File Database Edit View Model Map Seismic Run Help
Baaagme @

)osE - S0 HE D

% | . =11 520 | 31| = | 53 g | 2l [ L %
| o B =
b Model ) Md2-POR sgy
1800 2000 2200 2400 2600 25003/1800 2000 2200 2400 2600 2800]
[ [
1
len 0 1000 2000 3000 4000 5000 6000 x [0 500 1000 1500 2000 2500 3000 2500 4000 4500 5000 5500 6000 8500 7000

Len |0 500 1000 1500 2000 ‘2500 3000 3500 4000 4500 ‘5000 ‘5500 6000 6500 7000

| —

<

Synthetic seismograms creating: STEP 1: Create Velocity Model > II STEP 2: Acquisition Geometry > || STEP 3: Run modeling > || Hide | |

point: 217 x 7 mm, Top title size: 136 x5 mm [ [ [

NOTE: The acquisition parameters data are not exported when model is exported to any
seismic format.
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12.3.2 Model export to Tesseral 2D (TAM format)
Please use the command Model > Export to Tesseral 2D Format (TAM).

r@ model.tes [model tam] - Tesseral @M‘
Eile Edit View Comp Scale Magnitude Run  Winds Help
DwHER» e@zsl@rod@acde b e i2R|ocMauRng
SR c.ox|
III Palygons: I j

0 500 1000 1500 | 2000 2500 3000 3500 4000 4500 5000 5500 G000 G500 7000

1800 || <

-~

500
2000

1000

2200

1500

2400

2500 2000

2600

3000

2800

| | [ 4

While the model is being exported to TAM file, the thin layering data is not exported, but the acquisition
geometry data is exported.
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13 Frame Seismic
This is the frame to display files in SEG-Y, SDS-PC or TGR formats. The frame is to support displaying

2D/3D field and synthetic gathers, models, migrated slices/cubes, VSP gathers, multi-component files,
snapshots of wave field propagation, etc.
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13.1 Load seismic files

The seismic files are loaded by using the command Seismic > Load Seismic File (New
Frame) (55). If several files are loaded at once, then they will be displayed in the joint coordinate
space.

If a seismic file is opened for the first time, it is proposed to select its type to apply the appropriate
display mode, as shown below.

r =
Select type of seismic data ﬁ

Please select the type of seismic data in file

FieldData.sqgy

Model or Migrated gather Gather W5P ‘ Fiaw Traces |

| don't know

L

Your selection will determine the displaying mode (please see Section 13.2), which can be changed at
any time by using the Vview Mode command on the Seismic menu or the button from the toolbar.

After that, your seismic file will be read. If a file is opened for the first time, it may take a long time to
create the index files of the trace coordinates, which will be used later for optimizing the display.

The Frame Seismic represents a rectangular graphic object which includes the images of the
source/receiver spread (above) and the traces (below). On the edge of the frame, the scale for the X/Y/Z
axis is displayed. On the top, the color palette of the trace values is shown:

!DDDD -20000 -10005 Current shot 10000 20000 3000!

Y Axis
500 3 H H
o 3 R 7~ =
I Profile o 8 e &
3 g H H
| B . H
oA 1 1 H oA
H a H H a H H H
FooA 4aBasas8sasasBiansaBesaafosasaBasasfaasas 8 Fo
H H H ) H H H H a
X 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 4000 4200
Len ‘2000 '1800 1500 1400 '1200 1000 ‘800 ‘600 ‘400 200 'O
X Axis
400 400

e [— Tracewigga 7
Z Akis = = -
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In the source/receiver spread, the positions of sources (small squares) and the coordinates of traces
(small crosses) are shown. The current source is marked in red and its coordinates are shown in a
balloon. The trace view may include the wiggle of the trace and the images corresponding to the palette.
The coordinates of the sources and receivers in the spread may be displayed differently. These settings

can be changed in the Frame Properties dialog, which is called by the button () (please see the
Section ).

While moving the mouse cursor in the sections area (the vertical or the horizontal slice), the mouse
cursor’s coordinates and the corresponding trace value are displayed in the status bar.

[Z=5135.9ms  |[alue=493.0 [#=753640.0 m [¥=997660.0 m
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13.1.1

Plan view

800 Zoo0 2200
lem 700 1400 ‘2100 28

n | 2000 ‘2500 3000 ‘3500

1000 1500 2000 2500

05500 4000 4500 5000
4500 5000 5500 6000

Black crosses
(Best for small
seismograms)

The positions of the sources are always displayed as small squares, but the way of displaying the

=]
=]
5]

"]
=1
=1
A=
T T T T I T [ T T
=1
=1
=1

E000

Gray dots
(best for large
seismograms)

Contour
(best for 3D cubes)

receiver™s position depends on the display mode. For the seismic data with a small number of traces, the
receiver''s position is shown as crosses. For large gathers, the receiver™s position is shown as grey dots.
For very big gathers or cubes, the receivers position is shown as contours.
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13.2 Trace display

In Tesseral Pro, there are several modes to display traces, and each of the modes is suitable for a specific
task and type of seismic data. To preview gathers, 3 modes are commonly used, as illustrated in the

figure below (from left to right: “Show A1l Receivers”, “Show Current Shotgather”and
“Show as VSP”).

DUPLEX_GATH.sgy DUPLEX_GATH.say DUPLEX_GATH.say

-40000 -20000 0 20000 40000 -20000 1] 20000 -40000 -20000 0 20000 40000

] ]

AL
x=2737 y=39 | 3

el o o o oot 4 o N I
=273 y=39 | L

(3000 |Faeed === 1000
4000 |11000 | ; oo -
. § il ;
X 900 1200 1500 1800 2100 2400/ O 3000 3300 X 900 1200 1500 1800 2100 2400 2700 3000
0 4800 fir ‘900 "1200 '1500 1800 '2100 240 00 '3000 3300 t ‘800 1000 1200 1400 1600 ‘1800 2000

e o) ‘500 1200 1300 ‘2400 ‘3000 ‘3600

Mo View as VSP 10

a0m E I
Lo View receivers of -
Foar A only current shot T

=

View all
receivers
m 33t

i

Note. In VSP mode
receivers are shown
vertically.

1) ) ©)
1. In the Show All Receivers mode, the spread of all the sources and
receivers is shown in the top view. This mode is used if you want to have an overview

of the whole field under study, and also get the sections of trace profiles belonging to
several different sources.

2. The show Current Shotgather mode is for displaying shot gathers. Only the
traces of the current source are shown. It can also be used to show the traces of the
chosen receivers along any profile.

3. The vSP mode is used for visualization of the VSP traces. The sources are located
vertically (usually inside a well) and the traces are shown from left to right.
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13.3 Operations with Seismic Frame

While working with the Seismic Frame, 4 Edit Modes can be used: Select Source Mode ( :i‘"J), Draw
Profile Mode (), Zoom Mode (@\) and Move Mode ((#] ).

The Select Source Mode allows selecting an active source and this source will be marked in red on the
acquisition surface and its coordinates will be shown in a balloon. The Draw Profile Mode allows
selecting the vertical section by drawing a line on the top view. In this case, the receivers will fall into
the section if their distance to the profile is less than the given one (this distance is computed
automatically during the opening of the seismic file, but it may be changed in the settings). In the Zoom
Mode and the Move Mode, it is possible to zoom in and drag both the acquisition surface and the
vertical section.

Let's describe each of the modes for displaying seismic files.

e “Select Source Mode” (M) enables to show the current source and its
corresponding traces.

e “Draw Profile Mode” (\]) enables to draw a profile manually in the top view.
Please see Section for more details. Additionally, in this mode, a horizontal section
can be shown.

o “Zoom Mode” (@x) enables to enlarge the image for the given area.
e “Zoom In” (‘@*) enables to enlarge image.

o “Zoom Out” (Eﬂ) enables to reduce image.

e “zoom 100%” (&) enables to zoom out the image fully.

e “Zoom To” opens a dialogue box to set the zoom parameters.

o Move () allows you to move the image within the frame.

e “Rescale to Make X Scale = Y Scale” ( & ) changes the Frame sizes so
that the proportions of the geographic coordinates in the top view correspond to the
visual ones.

o “Rescale to Make X Scale = 7 Scale” (=) changes the Frame sizes so
that the proportions of the geographic coordinates of the traces correspond to the visual
ones.

o “Normalize Palette by Visible Data” ( ) fixes the maximum and the
minimum in the color palette to match the minimal and maximal values in the data
currently visible in the Frame.

e “Normalize Palette by All Data” ( ) fixes the maximum and the
minimum in the color palette to match the minimal and maximal values in the seismic
files currently loaded in the Frame.

. “Show Component” enables to select the components to be displayed (for the TGR
format).

= &= :
e “Next/Previous Shotpoint” (¥%/¥% ) enables to set next/previous source as
the current source.

e “Export Traces Coordinates” enables to export the trace coordinates to a text
file.

352
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e “Import Traces Coordinates” enables to import the trace coordinates from a
text file.

e “Refresh” () re-load the data in the Frame (re-read all the data from the seismic
files).

e “Apply Settings to all Seismic Frames” ( &l ) enables to apply the settings of the current
Frame to other Frames.

Furthermore, the user can display the amplitude spectrum for any area of the seismogram by clicking on

Spectrum Mode [@_and selecting the region for which the amplitude spectrum is to be calculated.
To select the region simply hold the left mouse button, move the mouse to draw the region and release
the left mouse button. To obtain the amplitude spectrum for a different region simply select a different
region using the same procedure.

i Uniitied - TesseralPro =i
Fle Dasbme Edt View Modd Map Scsmic 3DView Run Help
P 22N BEE %% BEAQAKRQLG ™ -EE e
*x |BI =% : sNaHsEER eEH: EE2-ERELA
:;:*‘fwmw = ) &
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=2 0 2 & & 8 0 12 § 1 111 11-1-11-1-1-1-1-10000000000000000000G0 11 111111111111 1111112232 2222222
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13.4 Preview of 3D seismic models or 3D migration results

.....
ooooo

Users can preview the 3D raster cubes in the Seismic Frame using the mode Show as Model (##
) and forming horizontal and vertical slices along any user-defined profile. As such cubes are in the
format of seismic data, the cube's content is in form of traces. In this case, to describe the X and Y
coordinates, the coordinates of the trace's receiver are used, and the Z coordinate is determined from the
trace itself. In the general case, the coordinates of the source are ignored, but for compatibility with the
seismic data preview tools, it is more suitable either to suppose that the source coordinates are equal to
the receiver coordinates, or to create one source for the receivers having Y=const (this is implemented in
Tesseral Pro), for which the X coordinate will be equal to the minimal X coordinate of receivers.

Values Palette j
] i :Fube’s contour on the plane ’

| — (“view from the top”)

mod_P-0.rec

- \\
\

Profile (vertical

section)

//J

i

% 0 4000 8000 12000 16000 20000 24000 22000
Len ‘0 ‘4000 ‘2000 12000 16000 20000 24000

Y-Axis

X-Axis

Z-Axis

Traces of the vertical
section

/J
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13.5 Profiles

The easiest way to create a profile is to switch to “Draw Profile Mode”( ), then figaw the line
manually on the top view, only those traces whose distance to the profile is within the pre-defined value
specified in the object™s properties will be included into the section. If the pre-defined distance is too
large, the traces outside the profile will be displayed. If the pre- defined distance is too small, fewer or
no traces will be included into the section.

Section properties

© Tesseral Technologies -User Documentation-

The detailed properties of the profile are specified by choosing the menu Seismic > Section
Properties.

Seismic Properties @

| Comrmon I Units I Layoutl Profile |Zoom I Rulers |

Vertical section (Profile)

Starti X 216 m ¥ooo4112 m

End: X 3886 m Y 1218 m

Finder—circle {max distance

from profile line to trace) 35 m

Length 4573.8 m

Azimuth -38 deg I Distance fitting I

Herizontal slice

Curvature
| Draw col
@ raw color map @ Straight (Z=const) 5

Start: 2 1394 m ) From grid/surface file

End: Z 1394 m

[ Ok ] l Cancel J Apply

In this box, the profile coordinates, its length and azimuth may be defined, as well as the maximum
distance between profile and a trace.

A vertical section may be exported to a separate seismic file, which may be then used as an underlying
image for a model. The menu Run > Seismic Frame > Export Section to 2D

Seismic File isused.

The seismic data loaded into a Frame may be rotated along the profile, by using the menu

Seismic > Rotate to Align X Axis along Section Profile. But the content of
the actual seismic files will not be modified as the rotation will only modify the corresponding auxiliary
files with suffix “.cr0”.
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mod_P-O.rec

mod_P-D.rec
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13.6 Overlay surfaces on seismic cubes

You may load a surface and obtain the intersection line between this surface and a 3D cube. To do this,

please specify the Seismic Frame™s properties and specify the name of the file containing the surface.

Horizontal slice

Curvature

Draw | _
[Zlpraw color map ) Straight (Z=const]

@) From grid/surface file

Tesseral Pro supports loading surfaces in the following formats: XYV, CSV, DAT, Surfer,
Schlumberger, Triple TXT, ZMap, Paradigm, GeoQuest, Landmark, Charisma-Y X, Charisma- XY,

ASC.
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Picture of
horizontal section

created by the grid

ley |0 "800 ' 1000° 150" 300" 2500' 3000' 30 4000’ 150" 5000 S5500° F000' 6500 7000 7500° A0

T “,l:llll

intersection line of
Grid and Cube

The intersection line between the surface and the cube is shown as dark green line in the vertical section.

While working in the Profile Drawing mode, when you click an arbitrary point on the vertical section,
then a horizontal section will be created automatically such that it runs through the chosen point and is
parallel to the loaded surface. This image will appear in the top view.
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13.7 Horizontal sections

Tesseral Pro implements a rather unconventional (for other gather-viewing software) mode for
displaying horizontal slices. This mode is useful for 2D visualization of the raster 3D cubes.

In the figure below, the horizontal (above) and the vertical (below) sections of the raster 3D velocity
model are shown. In these sections, the profiles lines are shown, along which the horizontal/vertical
sections were created. The profile line in the horizontal section is for creating a vertical section, and vice
versa.

11000 12000

13000 14000 15000 12000 14000

{10000} 10000) ' 0o

\/—7 : Map of the
Map of the horizontal

A profile

T T T T2
=]
| =]

[=]
[=]
D‘

x 1] 4000 sooo 12000 16000]  horizontal 00 x ] 4000 8000 1200 . .
Len | 0 ‘qoo0 ‘sooo 1zoo0 '1&000] section Len | O 4000 "S000 1z00 section with
1 Cverage values

horizontal section above

section with average values (2000 |

in the chosen interval

s . . Draw a small vertical line r]
i Click here to display a I here to display a horizontal r
with exact values .

4000 [/ 4000 W
BO00 ||5000 (5000 |
To build a horizontal section, just switch to the drawing mode and click on an arbitrary point in the
vertical section. Then, the horizontal section passing through the given point will be created
automatically and displayed in the top view (see the top image). If a vertical line is drawn in the vertical
section, a horizontal section will be created, whose value at each position is the average value spanning

the drawn line (see the bottom image). The area, for which the horizontal section is created, will be
shown by hatching.

To remove the horizontal section while in the drawing mode, please click an arbitrary point in the
vertical section while pressing “Ctr1” button.
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13.8 Settings for Seismic Frame

The majority of the visualization options can be accessed in the Seismic Frame settings. The parameters
for displaying gather are specified inthe Seismic Frame Properties tabunderthe Seismic

menu.

The properties dialog box is divided into several tabs. In the “Common” tab, the general properties for
the visualization of the object are specified, and in the “Layout” tab, where the parameters for
visualization of the acquisition surface are defined.

TheUnits tabinthe Seismic Properties window is for changing (scaling) the coordinates and
values of the trace data in case a gather is displayed incorrectly in the Frame. In this case, the original
file is not modified, and the changes are saved into an additional file

<seismogram_file_name>.cr0. These new modified values will be loaded next time the file is
opened.

[ Seismic Properties @“
Common | Units |Lay0ut I Profile I Zoom I Rulersl

Seismic File Properties

Seismic Data Type: IMudel v] W
eaders

Component: ICompressional velodty - I

Seismic File Measurement Unit Trace statistics
Z Axis: lDepth v] Noftraces 14577
Distance: Im v] Samples per trace 315
Z stey
Velocity:  [mjs ~| i m
Zmin 0 Zmax 4070 m

Density: |kgfm~3

I Reset Coordinates I | ? |

[ QK ] I Cancel I Apply T

If you need to restore the trace parameters and coordinates, please delete the corresponding
<seismogram_file_name>.cr0 file or select Update inthe Common tab in the Seismic Property

dialog.

You can change color representation for displaying seismic data. The package includes 10 standard
palettes (blue-yellow-magenta, iridescent, black-white and etc.). You can create a custom palette by
clicking on Edit button in Common tab. The minimal and the maximal values for the color palette
may be specified manually or left for the program to calculate these values automatically (for each
vertical section and for the whole dataset).

You can load seismograms into the Seismic object by clicking the Add button in the Common tab of
the frame properties. Loading multiple files is allowed. It is assumed that all sources and receivers are in
the same coordinate system. If this is not the case, you can (temporarily) correct the coordinates of
individual seismic files using a linear transformation set using the settings in the Properties button
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in the Common tab. The Calculate button allows you to restore the main parameters of the selected
files by recalculating them from the disk. The same button cancels all previously made linear
transformations of the coordinates of the sources and receivers.

Seismic Properties [£234]| | Seismic Properties ==
{ Common | Units | Layout I Profile I Zoom | Rulersl | Commaon I units_|; Layout | profile I Zoom | Rulersl
Location
Orientation of Coordinates
File Name:  jp\Haskell-Thompson test\Untited+GathAP-Z.sgy v Top title
g
1_’>< b3
C s E - E

Seismic Viewer T v Bolinaulille

) Model/Cube @) Seismogram ) VP Seismogram ~) Raw Traces Ix 1—’Y XI Y‘_[

- S - £ - - Fs

Palette Seismic File(s)

10 [¥]show Edit. — nValue: 6512 Drgw Features Draw Redevers

=[] Invert Amplitudes Max Value: 6512 AXxis direction =

I¥ () Black crosses

Show Transform i () Gray dots

= = . 23 % Traced Ray Reflection Points -

== [ZFil S ¥ ) Contour

43 [Mwigdle Clipping: L Show points

) Mone
b Wiggle variable //V 33 % [ show labels
= [| Model Frame Gain: (]
Receivers” view modes
Ca T e T T ]

Inthe Layout tab, itis possible to define the parameters for visualizing the acquisition system. In the
drop-down list of Seismic viewer fromthe Common tab you may select the display mode for
the acquisition system. These modes are described in more details below.

For different seismic files, the number of the receivers may vary from hundreds to millions, and

therefore several ways of displaying these receivers are implemented, such as small black crosses, grey

dots and contours.

Seismic Properties @
Comman | Units | Layout I Profie I Zoom I Rulersl
Seismic File Properties
Seismic Data Type: [5e|smogram ']
5GY Headers
Component: [\derhcal Partide Velodity (Z) ']
Seismic Fle Measurement Unit Trace statistics
Z Axis: | Time Nof traces 100
velodty: |m/s Zstep 2 ms
Zmi 0 b 2000
Density: |ka/m~3 i e ms
Reset Coordinates ] E]
[ OK. ] [ Cancel ] [ Apply ] [ Help ]

The Common tab also allows adjusting the traces displayed in the vertical section. In the Show group,

users can select whether the traces will be displayed as wiggles or image based on the user-defined
palette. For multi-component seismic data, users can select the component to be displayed in the

Seismic File Properties group fromthe Units tab.

Inthe Rulers tab, the parameters for displaying the Vertical and Horizontal rulers are specified. By

default, both rulers are shown on the left and the right side of the object, but users have the option to

either display the vertical scale on the left side, or just on the right side.

The profile parameters (vertical or horizontal section) can be defined in the Profile tab.
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13.9 2D Snapshot Viewer

To show the snapshots together with the shot gather, please choose the Snapshot View
Window command under the Vview menu.

r N
(5] Snapshot Viewer | B s
Snap Properties -Capmfe Shotgather Properties
S: 6/18, T=0.25s - X=1436, Y=0 ( l
— T~
ha
500 /1000 1500 2000 2500 1000 (e 2000
&l j 7 j ' : T P | j | Current Shot ' &
3t- =/ = S — feel3 | | s
e Current Snapshot (time) | : : = | IO A AN, LGN, SN ey | =
T T v ’: ' o i ! v b=
) : ‘ : : . ' ~ H
Otb-eeee- + Fmmmmm— - hmm—————— L = o
o ' ' ' 0 ' [==]
Model Pollygons
| e . : ; ; 5 =
(=) ., P L Oy . o8 U S e
| |
Ob-memm- + A D
o : < o
o : : P
=] R : : ] =
500 1000 1500 2000 2500 1000 1500 2000
1§ =

Please press the Select Snap button to select the file with a snapshot. Please press the

Select Shotgather button to select the corresponding gathers. If the Model Frame is opened in
the Tesseral Pro, the contours of the model will be shown in the snapshot. Navigation through snapshots
and gathers is done with help of the corresponding sliders.

You can save the snapshots as a video by pressing Capture after which the

Animation Propertieswindow will appear.

i .
Animation Properties @
Output
M ovvie file: ‘'z syntetic seizmogramznapshot. awvi E]
Scope

(0 Current swindow

Options

Frames per zecond: 10

Microsoft Wideo 1

[ Ok J [ Cancel ]

e

The movie will be saved in AVI format and the user must also specify the number of Frames
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per Second of video to be used from the Snapshot Viewer.

The user can specify the Compression Quality of the video by clicking Compression.

-

Select Compressicn

=

Compressor: 0

Compression Quality: 85
1 | P

Microsoft Video 1 *| [ Cancel

. Corfigure...

iy

About ..

Also, the Temporal Quality Ratio for the compressor can be subsequently specified by

selecting Configure.

-

Configure

S5

Microsoft Video 1 Compressor
Version 1.00

Copyright (C) Microsoft Comp. 1990-1952
Portions Copyright MediaVision Inc.

Temporal Quality Ratio: 0.75

‘ ,

Once all setting are specified, click Okay and the program will start recording the Tesseral Pro
interface. Please note that closing the Snapshot Viewer window from this point on will interrupt

the recording, and everything recorded so far will be saved as a video! If the user wants to record the
Snapshot Viewer window only, it is recommended that you extend it to full screen and use the
Program Window Scope inthe Animation Properties window.
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To stop recording press Capture and the video will be saved in the specified location, with the
specified name inthe Movie file dialogue.
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13.10 3D Snapshot Viewer

In order to generate 3D snapshots please select check Generate 3D snapshots and select Setup
3D Snapshots inthe 3D modelling Calculations Properties window.

7 : B
3D Modeling Calculation Properties ﬂ
Computation Grid Properties Hardware
Signal Frequency 20 Hz Threads per process ~ Max v
cell @x, dy, d2) | 10 o [¥] Enable GPU (if CUDA available)

| GeForce GTX TITAN Black (4G ~

Tact(dt) ' 0.47 ms
o ' Required Memory (Host): 1.1 GB E]
Margin 200 m Required Memory (GPU): 2.2 GB
[ Generate 2D snapshots Generate Energy Field(s)
Start o ms 7] Maximum Energy
[ Maximum Divergence
Step | 50 | ms
XStep: | 10 m
Generate by every | 1 | source
Y Step: | 10 m Ut
ZStep: | 10 I'm

Generate 3D snapshots

|  Setup 3D Snapshots...

I} <Back | Mext> Fish | | cancel | | hHep |

© Tesseral Technologies -User Documentation- 365



r -
3D Wave Field Snapshot Generation
Which shapshots to generate and when
For shot points: 0 : All shot points| {can be several,
separated by spaces.
For moments in ime: 0.5 g E.g."1237)
Mesh steps Generate Components
X step: 15 m [ stress
Y step:
i 15 ] Partide Velocity:
Z step: 15 m Flx [y i
[ Ok ] [ Cancel
e

The user then needs to specify the Shot Points and the Component for which snapshots need to
be generated, as well as for which Moments in Time. The user can also adjust the default values
for the Mesh Step for wave field propagations along the X, Y and Z axis.

£ Untitied - TessersiPro - 3 ~
Fie Dwibwe £t Yew Mode Mg Sesmc 0Vew Bon Hep

P DFE (2 BT (HMIE % w AR ARG - [ e

X X lAnge) 5316 ool B|& m S Jeer s i + A% w

[c@Ee

oo G i

>

o i >| o z 5| (s e

For Help, press F1

Asaresult a SGY file will be generated for each specified shot point and its respective component,
which will contain a snapshot image of the propagating wavefield at the specified time. In order to view
the snapshot, the generated SGY file needs to be opened in 3D View frame (3D View>Add SEG-Y
cube). In order to achieve the best display, the user will need to adjust the visualization parameters in
the 3D View>Selected object properties window.
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Cube Properties ! ﬁ

File name  C:Wsers\stefan'\Desktop'3D Elastic anisotropic method test

¥-step Y¥-step 15 Zstep 15
Palette

@ Specify interval Opadity 80 oy
(71 Auto fiting by cube values ‘ D

b

Typically for an optimum visualization of the wavefield, a value 85%-95% for the Opacity works
best. Also, reducing the Magnitude within the Palette will also enhance the display of the
whole wavefield.

[ Palette M

b agnitude within -2 2 E dit
Palette type [Default Dipolar 7 ]
Glaw [%]
100 ' 0
[T] Edit palette Discretization 9 =
10 1 1
[ 1] 4 ] [ Cancel
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13.11

Prepare seismic files for loading

Sometimes, for unconventional gathers, some preliminary preparation is necessary before loading. Most
often, the problems with loading SEG-Y files are caused by incorrect reading of the data related to the
timing of the signal registration and incorrect reading of the data related to coordinates and altitude of
sources and receivers. Partially, these problems can be solved in the Seismic Properties dialogue
box (the Seismic > Seismic Frame Properties command).

Seismic Properties

Common | Units

Layout I Profile I Zoom I Rulers

(S

Seismic File Properties

Seismic Data Type: [Seismcgram

=)

Component: ['u'ertical Particde Velodty (Z)

=

Seismic File Measurement Unit Trace

Z Axis: Tirne

Distance: [m - ]
Velocity: mfs
Zmi
Density: kg/m-"3 i

statistics
M of traces
Samples per trace

Z step

a Zmax

S5GEY Headers

a0
501
2 ms

1000 ms

Reset Coordinates

J

[ oK

Cancel ]

Inthe Seismic File Properties dialogue box, please select the measurement units for scaling
of the trace coordinates and of the trace interval. In this case, the content of the gathers itself will be not
be changed. All changes will be saved in an auxiliary file named <name of the gather file>.crO. If you

press the Apply buttoninthe Seismic File Properties dialogue box, the file with the suffix

.cr0 will be deleted and the previously entered scaling constants will be cleared.

Sometimes, the trace coordinates in a SEG-Y files header are located in non-standard

cells.
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-

Trace 0
(* Descriptive { Dump Offset: |0 :I
Word | Name | Value | Considered as | -
3 1-5 Tre.numiling) 1 N
- 59 Tre.numireel) 1
1 913 FFID 1
L 137 Tre.numiorig.) 1
1A Enengy.Src. Pt 1
| 2128 CDF 1
| 252 Tre.num{CTOF) 1
| 2an Trctype 1
L 3133 WStackMNumb 0
1 333k CDPFold 0
1 3537 Datallse 1
| 3 SourRecvDist -2000
A1A5 ZBecei A12 B z
|| 4543 ZSource -b52 Shot Z
LN ElevScaler 1 k\
| 73 CoorScaler -100
7177 ¥COP1 200000 Shot X
1 7781 YCDP1 0 Shat Y
1] e1es ¥CDP2 100000 Reciever X | [
85-89 YCDP2 0 Reciever Y
| TR Coorlinits 1
|| 103108 TotalStatic 0
L nenz Samplessrace 626
L |nFng Sample inverval 4000
| |181188 XTrace 1000
| |185189 fTrace 0
| 1189193 Inline Number 1
| 1193197 Crossline Number 1 .
- Min.value 247745
- Max value 2.53454
- Avag.value 0.000128982 o=
] i »

To prepare a gather for loading, please choose the Seismic > Raw Trace View Window

The standard locations of
source’'s and receiver”s
XIYIZ coordinates in a
SEG-Y file*s header

command. After the seismic file is chosen, 2 windows will be opened. In one of the windows, the trace

preview is shown in the same order as the traces in the file, and in the second window, the table with

headers of an individual trace is shown.
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E Trace View - Md1+GathEP.sgy = =
Restore Headers ﬂ Trace: | 15 il Gain J— ScaleX: - '7 Scale ¥: '7
P n/E R % e s s @ & ) Viewmode (¥ 102 1 I w0 1% OGS
1 | I 1 | 1 | L 1 1 1 1 1 1 | 1 Il
: MM Trace 15
= 4 {+ Descriptive { Dump Offset: |0 :I
Current trace number ‘Word | Mame | Value | Considered as | -
] ' y "0 3741  SourRecvDist 1250
7 "Q 4 ) 4145 ZReceiver -442 Reciever Z
3 "‘,‘:ﬁ 45-49 ZSource 552 Shot Z
3 A0 6971 ElevScaler 1
L
900 ] "“’ﬁ Trace headers  |7173  CoorScaler -100
7 b
] % T 7377 XCDP1 300000 Shot X =
E | e YCDP1 0 Shot Y [7hs ]
= 81-85 ¥CDP2 175000 Reciever X Wy
cu | sss9 YCDP2 0 Reciever I A
| | 8%: Coorlnits 1 Set Shot X
103105 TotalStatic 0
| 115117 Samplesrace 62 Set Shot ¥
|| 117119 Sample inve: Set ShotZ
1100 | | 181188 XTa{  Setthe meaning Set Reciever X
|| 185188 ¥Tra{ - of a header -
(183193 InlineNumy EeReciEvegl
|| 193-157 CrosslineNumber 16 Set Reciever Z
- Minvalue -0.644427
1200 N Maot.value 1.01301 Copy
- Avgwalue -0.00019558 -
4 1 3
Min/Max/Avg value
« 2|

The key point for preparing a seismic file for loading is to select the headers™ cells which correspond to
the coordinates of the source and receiver. It is possible to allocate the coordinates of the source and the
receiver to any cell in the headers by clicking the right mouse button in any cell of the header. This
information (assign some header cells to the coordinates) will be saved in the file <name of the gather
file>.inf, and, from now on, it will be used by the program.

Preview of all the trace headers enables to look through the trace headers as a set of values without
name. You may specify the parameter offset to shift the starting point of displaying the headers.
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-
Trace 0 Offset
pd
(" Descriptive ™ Dump Offset: |1 :I
Word | Type | Value | Congidered as | -
|| 1-3 SHORT (2bt.) 0
|| / 15 SHORT (2bt.) 256
’Z 57 SHORT (2bt.) 0 =
29 SHORT (2bt.) 256
Word number | SHORT (2bt.) 0
in header 3 SHORT (2bt.) 256
5 SHORT (;
| 157 SHORT (2| Selecttype [
| 17s SHORT (2bry
| 1e SHORT (2bt.) 256
| 23 SHORT (2 bt. 0
D >15HoRT 2 o) IS
| 27 0
27-29 15 lede¥
BEEEE) BYTE (1bt) ey .
| 3133 SHORT (2bt.) 0
|| 3335 SHORT (2bt.) 256
|| 3537 SHORT (2bt.) 12288
|| 3739 SHORT (2bt.) -8
| 3941 SHORT (2bt.) 25855
|| 4143 SHORT (2bt.) 2 Reciever Z
| | 4345 SHORT (2bt.) -3385
| | 4547 SHORT (2bt.) -3 Shet Z
| | 4749 SHORT (2bt.)
| | 4951 SHORT (2bt.) Select meaning
| | 5153 SHORT (2bt.) o
4| [l 3

The trace header may be displayed in two modes: Descriptive mode and Dump mode. In the Descriptive
mode, only the headers with known names are listed. In the Dump mode, all headers are listed.

While looking through the header as a whole, the location of words is in the first column, the data type is
in the 2" column and the values are shown in the third column. As different data types have different
length of words, the lower part of the header is shifted automatically.

Tesseral Pro supports the following data types: CHAR (1 byte, -127~128), SHORT (2 bytes, -
32767~32768), LONG (4 bytes, -2147483647~2147483648).
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14 Map Frame. Stratigraphic Surface Maps

In Tesseral Pro, a model can be built from stratigraphic surface maps. The model is built automatically
as a vertical slice cutting through the calculated (loaded) surfaces vertically along the selected line.

More information about building models by using stratigraphic surfaces is described below. Firstly, let™s
describe the relevant capabilities for loading, calculating, displaying and processing surfaces.

372
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14.1 Load surface from text file

Tesseral Pro supports loading surface from text files in various formats (the command File > Load
Surface File). Itisalso possible to load grids in the following formats: XYV, isolines, separate
points, Integral+, Surfer, Schlumberger, Triple, ZMap, Paradigm, GeoQuest, Landmark and Charisma.

The user can also generate surfaces on his own, by introducing in a text file the XYZ coordinates of the
surface in 3 separate columns and then saving the file with an XYZ extension.

Replace

ij lﬂl &3 Find

= lect all
asert Editing
=

ERE R = S
=]

Is1710e
513974
511718
509364
s06912
504656
504362
502792
457750
457006
423278
422298
488865
487053
483372
483078
479743
4788E60
475322
472275
470916
4667396
449332

S3 -4

5045562
5041486
5041534
5042402
5042830
5043338
5042296
s043708
5044702
s0424858
5045525
5045794
5046476
s046827
s50475E8
sS047626
soa8288
s048464
5043166
5043634
5050043
sososez2
5051232

R - A -

a7s50
soco00
4750
4000
3750
3750
4000
4000
32750
2500
3000
2750
zs00
zs00
2750
2300
32750
4000
4000
3750
3500
3000
1iz2s0

-10- ¢+ -11- 0 -12- 4 13-+ 14 -+ 15k -16- 0 17 0 18-

Inthe standard File Open dialogue box, please select the surface file and specify the proper format

fromthe File type list for the selected surface file.
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1= Open ﬁ
Look in: |} 3D Model x| & &k Er
L_.‘ MName = Date modified
e b N i .
Places || CCAT(2)-local.grd 11/27/2007 2:51 PM
|| DELKPT(3)-local.grd 11/27/2007 2:50 PM
i || DWABAM{)-local.grd 11/27/2007 2:49 PM
Desktop || PRECAME(1)-local.grd 11/27/2007 2:52 PM
Lis,ari-eg Grid format XYV - CSV TXT DAT
lsolines - CSV, TXT.DAT
f | Separate points - CSV, TXT,DAT
& Grid format Integral+ GRD
Compuier Grid format Surfer GRD
ey Grid format Schlumberger GRD
'“. Grid format Triple TXT
Grid format ZMap TXT
Metwork Grid format Paradigm TXT
Grid format GeoQuest TXT
1| Grid format Landmarnc TXT 3
Grid format Charisma-YX TXT
File name: Grid format Charisma-XY TXT Cpen
All files
Files of type: | Grid format Surfer GRD | Cancel
[ Discrete values

You may select several files of the same type for a group loading.

Then, in the next dialogue box Calculate Isolines, please specify the parameters for calculating

the isolines or click Cancel, if you do not want isolines to be shown on the surface.

=)

Please see the results
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Calculate Isolines

Width

Lowwezt

Highest

Calculate izolines with step 50
Size of working area

129

Magnitude of waluesz

29821987
3295.04257

ok | Cancel

Height [113
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ﬁ Untitled - TesseralPro =B

File Database Edit View Model Map Seismic 3D View Run Help
PosE 22 S0 HEE 2R & & My i Bl )
A x| NG [# B =05 &8

A

3350 3300 3250 3200 3150 3100 3050
H H 1 5

PRECAMB(1/ocal grd

1 2 3 4

3250 = C—W 9\)\ M

Gy |

&

e

(| |;’

Synthetic seismograms creating: STEP 1: Create Velocity Model > ” STEP 2: Acquisition Geometry > ]l STEP 3: Run modeling > || Hide I

point: 76 x5 mm, 1 frames selected

Please repeat this operation to load other surfaces.

Tesseral Pro saves all loaded surfaces as a general block in a Tesseral Pro document. Please use the Map
Frame to display a surface. While deleting the Map Frame, the last showed surface in this Frame is not
deleted and it will remain in the block of the calculated (loaded) surfaces in the Tesseral Pro document.
You can show this surface in another Map Frame by selecting it from a list. Please use Map >
Manage/Delete Maps to manage the surfaces loaded in Tesseral Pro. More detailed information
can be found in the Section 14.2.5.

NOTE: The Undo and Redo commands do not apply to actions performed on surfaces
(loading, calculating, processing, deleting), but they do work for the changes related to the
Map Frame (selecting a surface for display, color adjustments, scaling, Frame re-size and
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14.2 Calculate surfaces using well data

To build surfaces by using the intersection of well layers, Tesseral Pro requires an existing MS Access
or MS SQL Server database with well coordinates, altitudes and/or inclinometry and stratigraphic well
depth values. More detailed information about how to load such information into the geophysical
database can be found below in the Section 17.
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14.2.1  Select fields for the project

As the database may include several independent fields, users need to select the “working” field before
surface building, which can be done using the command File > Project Properties. Please

also select the directions of the coordinate axis for the surface maps you want to build.

Project properties @

Measure units

.
ﬁ Untitled - TesseralPro

File Database Edit View Model Map 9§

p O & :-) E éé E Distance m

Velocity | m/s i
= P
P (@\ EE Hih + & Density  |kg/m™3

3350 ™ Select Project Fields [to frames Map)
Selected field Seismic files

~

- N~
shown in bold N@:abase (TesseralPro.
- General (m)

---CI Gerobeivskoje (ft)

E5535] General [m]

| E5535] Gorobcivskaie (1)

Direction of axis for all Map
Frames in the project

Cooudirrare Orientation \
¥ ¥,
s s l_’x ' s >?_[
o ES
e b

e *,
& s 1_’Y o s Y‘T
g ¥,
e ES
- If you change a systerm ol &z o helds all surfaces will

be removed from project

Z

AN

Cancel |

NOTE: Once Tesseral Pro is loaded, it is not yet connected to the database. Please use the
Load Database button in the left part of the window to connect to DBMS MS SQL
Server or to MS Access and to load the Tesseral Pro database. More information about
connecting to the database can be found in the Section 17.4.

NOTE: It is also possible to select a field using the command Select a field for
the project from the context menu by right-clicking the mouse on the field‘s name in
the database tree.
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14.2.2 Create Frame Map

Please use the command Map > Create Map (New Frame).Then, a map with the wells of the
selected field will appear.

ﬁUnliHed—TesseralPru =) e
File Database Edit View Model Map Seismic 3DView Run Help

P ODEH DRI NS %N
A x NAs B e =ik & &

B[] Project (Saveto cre » R =
-2 Model
- Map
B-S5 Seismic files
- f3 Database (TesseralF
5 o B v
81 1(DT)
;.01 10
-1 11(DT) 7140 7150 7160 7170 7160 7190 T200
7-£31 12 (DT)
751 13 (DT)
h.0 14
i3 15 (DT) ® 38
i1 16 (DT)

S CEC — 1

mn

510 510

i1 17 (DT) 500 & 12 500

B
B

B

E

E

[E

E

[

£ 18 (DD LA

&t 20m . 490) ®.15. 5 g 1 490
-3 20 *3 o7

E-C1 21 (0D e *22 A ® 2%
B

B

B

B

B

B

B

E

E

E

[

-

480 D 13 % 3T 480
-3 23 (D7 16 Lt

-1 23 (D) . L "es

470

.69 28 (DT) 23 )
001 29 460 » 10§ 5 P 460

450 450
q|F m » 7140 7150 7160 7170 7180 7190 7200 ,‘
‘ 4] [

Synthetic seismograms creating: STEP 1: Create Velocty Model > ” STEP 2: Acquisition Geometry > ” STEP 3: Run modeling > || Hide

point: 85 x9 mm, Top title size: 204 x5 mm

All commands for editing the map are located in the Map menu.
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14.2.3 Working area

The working area (the area where the surface is built) is defined by an interval (m or ft) along the X and

Y axis. The working area is defined in the Map Properties dialogue box of the Map Frame.

r ~
Map Properties @
g
Edit top title = —
Width 158 mm
Edit bottom title Palette...
Height 76 mm
g ¥ Background...
Project Properties and v Ruler
Coordinate orientation. .. | ok o i
Layers \
Active Layer |CCAT(2}_I0caI.g|'d J
Iv¥ show Grid (fill color)
[¥ Draw Isoline  Fontheight (%) |30 3: Isolines Properties |
I Database wells Acquisition Geometry
Well Title At collar - M Draw SRR I
v
Il Name Background
v ) =
¥ value Color Font height (%) | 80 El I Show picture
¥ Draw well Indinometry
Background Picture
Seismic plan view
™ Draw Seismic frames plan
I Draw sources from seismic file Load
Q OK | Cancel |

Work Area

X min | 35
X max |3955—
¥ min 35

' max |4515—

Cancel

A

The working area can also be selected visually by the mouse in the following modes: Map

> Zoom Mode or Map > Move Mode. In both modes the selection (displacement) of the

area is done by left-clicking the mouse on the Map Frame (press-drag-release).

the area again.

NOTE: If the area was selected incorrectly: (1) To cancel the last action, please use Edit
> Undo; (2) To zoom the area, use the command Map > Zoom Mode, and then select

Please see the results
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ﬁ Untitled - TesseralPro 51|
File Database Edit View Model Map Seismic 3D View Run Help
PoSE DS S0 HES % BRAQAQE™ W
B A
A x NE [« B Ed 4 |80 5 | 2= £
5] Project (Saveto cre » A |~
X
=-F) Database (TesseralF
=& General (m) Y
7150 7160 7170
: ® 2
490 .15 490
® 35 ® 7
P » 22
® 26
o3
= & 34 37
480 3091 . 480
& 16 ® 18
® s .
®6
& 20
.7
470 ®.04 470
17
. & 33
460 460
® 10 * 21 & 24
» 7150 7160 7170 -|
S i
Synthetic seismograms creating: STEP 1: Create Velodty Model > H STEP 2: Acquisition Geometry > || STEP 3: Run modeling > || Hide
point: 60 x6 mm, 1 frames selected
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14.2.4  Surface mapping

Surface mapping is based on the intersection data of well layers. Tesseral Pro supports 8 mapping
methods, such as the spline-approximation and Kriging.

To create new surface maps, please use the Map > Calculation of Horizon from Well
Tops menu command. Inthe Add new surfaces dialogue box please select the layers, for which
you want to build the surface maps.

Add new surfaces @
Select strata
Layer name Cre... | Wells Top/Bottom Strata name
Select layer(s) []an1 : Bottom 5 Bottom AN1 L
from list PE ] ANL : Top 5 Top AN1
[]AN2 : Bottom 5 Bottom AN2
[Janz2 : Top 5 Top ANZ
[[] aN3 : Bottom 13 Bottom AN3
[ aN3 : Top 13 Top AN3
[] a4 : Bottom 3 Bottom AN4
[Jan4 : Top 3 Top AN4 i
Use the list to select || ) r— E— I
layers automatically
l M |No j | OK Cancel

Al

Only by all wells
Only exists
Only tops

Only bottoms
Unselect

Next, select one of the mapping methods available from the list.

Choose mapping method Iﬁ
Method |Sp|ine-appm:-:irnation j
Analog |[do not uze) ﬂ Cancel

NOTE: Depending on the input data, the most suitable method is selected automatically
from the list.

The surface calculation for the selected layers will be done automatically by the selected mapping
method.

Please see the results
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1= Untitled - TesseralPro Li@u

File Database Edit View Model Map Seismic 3D View Run Help
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Synthetic seismograms creating: STEP 1: Create Velocity Model > " STEP 2: Acquisition Geometry > || STEP 3: Run modeling > ﬂ Hide

point: 55 x6 mm, 1 frames selected | [

N

NOTE: If you want to re-build surfaces using another mapping method or to build other
layer surfaces, please choose the command Map > Add New Horizon from
Well Tops again. The program will propose you to delete the existing surface if you
want to re- calculate it again.

[~ Al
TesseralPro [-e.a-]

| The bottom of AP11 layer already exists. Do you want to delete it?
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14.2.5 Handling surfaces

Please use the command Map > Manage/Delete Maps to delete and modify the properties
(name, top and bottom) of any surface displayed in the Map Frame.

r " R
Manage surfaces ﬂ

BP1-1:Top: 1 -
BP2: Bottom : 1

BP2:Top:1

BP3: Bottom : 1 :
BP3:Top: 1 , R B 8 e s g,
BP4 : Bottom : 1 T : ». 27
BP4:Top:1
BP5-0 : Bottom : 1
BPS0:Top:1 | W eSS 2 St T e
BP5-1: Bottom : 1 :
BP5-1:Top: 1
BP5-2: Bottom : 1
BP5-2:Top: 1

RP : Bottom : 1 3
F{mn.. T

Surface Properties I Delete surface |

Deselect |

m

40
® 295?3 21 ®

2962.4

120081

Cancel |

NOTE: The Undo/Redo commands are not supported while handling surfaces (creating,
loading, deleting).
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14.2.6  Surface display

The display parameters for the Map Frame can be changed in the Map Properties dialogue box

(the command Edit > Edit Frame Properties OfrMap > Map Frame Properties).

Surface selected from general

list and displayed in the frame
Layers

Show/Hide
information \ /

¥ Show Grid

Database wells
well Title At collar
[ Mame

v value Color Fa

raw Well Indlingy

Acquisition Geometry

™ Draw Geometry

Seizmic plan view

Display seismic
plan in map

I” Draw Seismic frames plan

[~ Draw sources from seismic file

[+ Draw Iscline  Font height (%

Map Properties ﬁ
Size
Font...
Width 145 mm
Palette...
Height 98 mm
< v Background...
v Ruler
=
Work area

lﬂ Project Properties and
= Coordinate origgtation. ..

Changing project param
delete all surfaces ind

eters will
ocument

eight (3t) | @0 EI:

Background

[~ show picture Map-substrate (picture)

oK
Load
Cancel

L%

NOTE: The Map Frame “does not contain” the loaded and calculated surfaces. All surfaces
are saved into a common block in the Tesseral Pro document (Map > Manage/Delete

Maps). The Map Frame is used to display any of the loaded (calculated) surfaces. It means
that, in any Map Frame, you can show any surface from the common list. Deleting a
surface from this list will lead to its “disappearing” from all Map Frames where this surface
was shown. The commands Map > Active Map (rotation, displacement, and
smoothing) can also change the surface data itself (not only its display in the Frame).

To change the palette of the surface, please select the Map Frame with the mouse and then use the
command Edit > Palette orclickthe Palette buttoninthe Map Properties dialogue

box.
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-

Palette

=)

M agnitude within |3251.508[ |2?2?.5393 [ Edit

Palette type |From brown to dark blue j
Glow (%] D
{100 ‘ J
[~ Edit palette Digcretization IS 3:

3200

3100 3000 2300 2800

RPF:Top:1

Cancel |

The displayed amplitude of the surface cannot be changed (scaled down) in the
Palette dialogue box. But it can be changed by using the command Map > Active Map>

Properties.

Surface properties

Name I PRECAMB(1)-ocal.grd

Surface type |top v

—Value interval

Min (depth) 3040.37800504
Max (depth) | 3380.94418419

cipping
ipping B

Auto I

;Gain (%)

| \
2 _1

Here, it is also possible to change the model*s name and the surface type. To change the surface itself
(not only its display), please use the commands Scale, Smooth, Rotate from the menuMap >
Active Map and in this case the commands Undo/Redo are not applicable.
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14.2.7 Build model from surfaces

Before building a model using surfaces, it is recommended to load or calculate these surfaces in Tesseral
Pro. You do not need to have all surfaces ready before building the model. This process can be iterative,
i.e., you can delete, add, re-calculate surfaces and re-build the existing model using the new surface data.

The steps to building a model from surfaces are as follows:

STEP 1. Select the wells for the section line (profile) — To select wells among those displayed in the

Map Frame, please right-click the mouse button on the well you want to add to the profile. Then, in the
context menu, select the command 2dd Well to Profile. The picture will not be changed after

selecting the first well. Please repeat the process to add the other wells.

Please see the results
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i3 31
701 32 3

h 4

470,

4 1 b 7150 7160, 7170 -
‘ L e

Synthetic seismograms creating: STEP 1: Create Velodty Model > ” STEP 2: Acquisition Geametry = ” STEP 3: Run modeling > || Hide

point: 84 x 6 mm, 1 frames selected

To delete a well from the profile, please use the command Delete Well from Profile inthe
context menu or the Map > Profile menu. To clean the entire profile, use the command Map >
Profile > Empty Profile.

STEP 2. Draw section line — Please select the mode Map > Section Mode. Then use the left
mouse button to draw (press-drag-release) a section line.

Please see the results
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STEP 1: Create Velocity Model > H STEP 2: Acquisition Geometry > H STEP 3: Run modeling = ||

Hide

STEP 3. Create a model — Please use the command Map > Transmit Horizons to Model to

launch the Wizard for creating a model. More detailed information can be found in the Section 3.1.3.

STEP 4. Support of thin layering — If you would like to fill the polygon*s parameters by the well log

data, you need to load these log curves to the wells in the model via the dialogue box Polygon
Properties (the command Model > Edit Polygon, after you select the polygon).

Inthe Polygon Properties dialogue box that opens, please select the acoustic log for automatic

parameter setting From Log for the polygons created by surfaces. The remaining parameters of the
Model Frame can be set right now or later via the dialogue box Model > Model Frame

Properties. More details can be found in the Section 3.1.
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Synthetic seismograms creating: STEP 1: Create Velocity Model > ” STEP 2: Acquisition Geometry > ” STEP 3: Run modeling = || Hide
point: 89 x5 mm, 1 frames selected

NOTE: Choosing the command Map > Transmit Horizons to model again

surfaces in the document.

when the Mode1 Frame already exists will cause the model to be automatically re-built (1)
from the selected section and profile in the map or (2) from the existing maps of the layer
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STEP 5. Adjust model — More details can be found in the Section 3.1.10.

NOTE: During the adjustment of the polygons® parameters that have been created
automatically from the Map Frame, please use the By default button inthe Polygon

Properties dialogue box to memorize these parameters; they will be automatically
filled next time you create polygons from the same layers.
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15 3D View Frame

© Tesseral Technologies -User Documentation-

In Tesseral Pro, the 3D View Frame is used for visualizing the spatial distribution of the data from a
database, a project or from a user file. To rotate the data contained in this Frame, please use the toolbar
buttons when this Frame is selected. The data are displayed in a cube. You can customize the scale of
each edge of the cube by using Object Properties. Use the linear Zoom slider to zoom the
display. For the axis, different scales may be adjusted (Horizontal/Depth Scale). To access
object properties, please double-click on the object or use the command 3D View > Object
Properties (inthe 2" case, the object should have been selected in advance by the mouse).

The data can be loaded into the cube using the 3D View menu. All the data loaded to the cube are
displayed together in a unified coordinate system. Let's describe the 3D View Frame in more details.

.
£ Untitled - TesseralPro =aic

File Datsbsse Edit View Model Map Sesmic 3DView Run Help
P DR 2SO BHEC 4w R &R QG0 =/

= S Saial G h Scal T S T
» X g0 [5H 6 Hoio J@|a “ ) o fimet + ) +auw
A

Scale

<« 7]

Synthetic seismograms creating: STEP 1: Create Velodity Model > || STEP 2: Acqisition Geometry > || STEP 3: Run modeling > | Hide

point: 171 x6 mm, Top title size: 244 x5 mm Y
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15.1 Seismic Data Visualization

The 3D View frame allows displaying seismic data in the SEG-Y, SDS-PC and TGR formats. To
load the cube, please use the command 3D View > Add Cube.The Add Cube dialogue box will
appear. Then, please load the target file. The receivers are shown as small blue crosses. Initially, the
whole area is covered by the selected receivers. To select a rectangular part of the whole area, please
draw the diagonal of the square you want to select while holding the left mouse button. Use the
minimum/maximum depth parameter to limit the depth range of the cube. By default, the depth range is
from the minimum to the maximum throughout the cube. After pressing OK, the Cube Properties
dialogue box appears for users to specify the cube properties. The parameter step is the distance between
the two neighboring nodes of the loaded grid along each of axis. This parameter can be increased to
speed up drawing. The other parameters in this dialogue box are used to adjust the color palette. By
default, the range of the palette is set from the minimum to maximum values obtained from the file. To
set the range of the palette automatically for the displayed data, please select the Auto fitting by
cube values option.

NOTE: Setting the “step” parameter too high decreases the drawing quality.
["add cube =5c=)

Scheme

5000 | 10000

Vertical boundary of the cube

Open file

Depth range

/ 5000\ 10000 N\
, 7 AN X
File name |E:\S he;d}wﬁ estingQfT eszeralProhT e&i.aISD Files\DUPLEX_VELOCITY_MODEl
Minimal Depth |0 Maximal Depth  |12800
] Cancel

The procedure of loading profiles is practically the same as described above.
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15.2 Surface Visualization

Surfaces are loaded from files in the same way. The command 3D View > Add Map > From

Project Isforloading surfaces from a Tesseral Pro project.

After clicking OK inthe Add Map From Project dialogue box, the Map Properties
dialogue box will appear for each loaded surface. The palette can be defined either from the active
surface or from any other surface (checkthe Filling by another surface option). The

interval of the palette can be set by the user (Set own interwval) or by the minimum and maximum
values in the surface (Auto fitting by surface values) or by the minimum and maximum
values in all surfaces in the Frame (Set general depth interval). Check the option Apply
to all toapply the palette settings to all available surfaces.

Add Surface From Project E‘ Surface Properties g|

All Layers (without already added):
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PKZ21
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: Top
: Top
Top
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: Top
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Tavdinskaya : Top
ud: Top
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|ﬂoeepxnocn> Ha cxeme |

Cancel
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450000

500000
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[~ &pply to 4l etz
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15.3 Visualization of inclinometry logs, well logs and layers

To load wells from the database, please use the menu command 3D View > Add/Remove Wells,
then in the Wwe11s dialogue box define the list of wells you would like to see in the Frame. To set
well properties, use the command 3D View > Well Properties.

Wells List of wells to display )

10000 15000
10 - T
11 H ° H
L o °8

________________________________________

1
T

noong
noons

10000

Configuration of the
wells in the scheme

ok Cancel
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15.3.1 “General” tab — General well properties

A well can be shown in form of a line or a 3D pipeline with a given radius (the Fictive Radius
parameter) by checking the Pipeline View option. If the Number of slices to form a
pipe parameter is increased, the image quality will be improved, however, this can affect the program
performance. The Length of a straight pipe section parameter is not for displaying the
inclinometry data saved in the database, but for selecting the values from the database, provided that the
distance along the well between the two neighboring values is bigger than the given value of this
parameter. This parameter affects performance of the program in the same way as the parameter
Number of slices to form a pipe. You can limitthe well in depth by using the parameters
Min and Max after checking the Depth range option.

The parameters Width of well-log display region and Stratum marker: fictive
radius are used to adjust the display of the corresponding well logs and layers and are described

below.
Wells, consisting of line segments "Volumetric" wells

I
[ B [
—_— —
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15.3.2

Toadda well log into the Frame, please use the Well Properties dialogue box, and then go to the
Logging tab. The Well-1og list contains the names of the curves to be displayed in the Frame. All
the options to the right of the list are for adjusting the active curve. The curves are added to the list by
using the Select Curves dialogue box. Initially, the list in the Select Curves dialogue box
contains all available curves from the wells in the Frame (if the Frame does not have any wells, the
dialogue box will contains the list of all curves in the database). To obtain the list of the curves for one
specific well, please select the required well from the list. The curve will be displayed in the Frame on
the left or on the right of the well. The width of each curve can be edited inthe Well Properties
dialogue box. A value of 0 means that the curve will not be smoothed and it will have the minimum
possible width. The curves with higher width values will be smoothed. The other settings for the curves
are similar to the ones described in Section 3.2.10. The width of the region for curve display can be
adjusted in the “General” tab by setting the Width of well-log display region parameter.

Well logs visualization

Wells Properties Current curve bLD_
Settings for
General Logging ]Stmta | current curve
WelHoc elHog orientation i Select Curves ﬁ‘
Add curve(s) to (" Left of well ]
list £ Right of wel wel |28 4—————={ Currentwell
25
Caler... Line width .S?S S?
= GR
Remove current 0 =]
X < Scale type RFO |29 .
curve from list +J : L 30 ¢—mo | Listof wells
|I|near ﬂ 7 in the frame
Value range <l wiellss
From: | To:[p
Delete aII_ I Erom miimum & List of curves
curves from list W e from current well

Ok | Cancel

Cancel |

OK-I
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15.3.3 Layer Visualization

You can display special marks at the intersections of wells with the tops of layers. To do this, go to the
Strata tabinthe Wwell Properties dialogue box. The list on the left of the dialogue box shows
available layers. The layers in the list on the right will be displayed in the Frame as circles on the wells.
You can define the circles™ width in the General tab by setting the Stratum marker: fictive

radius parameter.

396
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16 Annex A: Measurement units

To select the measurement units, the command File > Project Properties IS

used.

Measurement units
for the project

Different data types and different frame types handle the measurement units selected in the project
properties in a different way. For example, the database does not depend on the project, and each oil

i N
Project properties @
H-—p b eazure units
Distanze |m -
Welocity | m/s -

Density  |kg/m™3

[~ Select Project Fields [to frames Map)

[ 65535] General [m)
[ 65535] Goroboivekoje [f)
[ B5535] Mew Field

Coardinate Origntation
g T,
s s 1_’>< s s f_[
k3 -
s s
3 Ed
& C 1_’Y C C Y(_I
¥ ¥,
B Ed

If pou change a system of coordinates or fields all sufaces wil
be removed from project

Cahicel |

e

field (and even well) may have their own measurement units for depths and logging data depending on

initially loaded data. Each gather could have been created in metric or imperial system, but it should

correctly loaded into Tesseral Pro. Every kind of data can be “adjusted” to the chosen measurement units
by using the appropriate settings and commands in Tesseral Pro.

The following section describes how to convert various input data into the measurement units you need.
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16.1 Model Frame

Thevelocity and Density parameters determine the output units for velocity and density in the
model polygons™ properties. Distance represents the units for model“s length/width, coordinate
binding and acquisition geometry. If the measurement units are changed in the project, the Distance
may be re-calculated. If parameters Velocity and Density are changed, the polygons™ data
display is also changed.

1= Md2itpa - TesseralPro I=RICN X 1= Md2.tpa - TesseralPro =R X
File Database Edit VYiew Model Map Seismic Bun  Help Eile Database Edit View Model Map Seismic  Bun  Help
PosR o ESPo HEEHEARASW|[ ) osa 2 5P HE e BB Q& Q&6
Al |[<Hoselect: g1 9m X Al i |[eto select | giom X
A |~ A =
1800 2000 2600 28 6000 6500 i 8500 9000
g Metric system : : Imperial system
len 0 1000 2000 3000 4000 5000 6000 len 0 4000 8000 12000 16000 20000
N WW //7 N mx—/ _/—/_
| K I// ol S - \f__// ot
< Distance < Distance |
4000 400
2000 Pol 200 - Pol H
olygon parameters olygon parameters
2 ygon p — 8000 ygonp 80
4 3 4] »
Synthetic seismograms creating: STEP 1: Ctate Velodty Model > ” STEP 2; Acquisition Geometry > H STE] Synthetic seismograms creating: STEP 1 xabe Velodity Model > || STEP 2: Acquisition Geometry > ” STE
1 Palygon, Compression Velocity: 2200 (m/s), [P=2200, Q=2086, R=1270] |Z=1404 5 m 1 Polygon, Compression Velocity: 72178 (ft[P=7217.8, Q=130.22, R=4166.7] |7=41609 ft

If the model is loaded from other formats (File > Load Model), for which the measurement units
are unknown, users need to specify the measurement units (Metric or Imperial) in the dialogue box
below.

Change the Model Frame to Fit Import il

—The New Model Region

Top ¢ ID ft
- |

Left : ID ft a Right : I 1000 ft
Bottom :IBlDD ft

Input Units: " Metric (& Imperial

0K I Cancel the model region change and continie import

After that, the loaded model will be transformed into the project™s measurement units (if the file®s
measurement unit differs from the projects one). Additionally, the Distance of the loaded model may be
adjusted manually by the command Model > Scale. Itis possible to select the scaling coefficient for
the model and transform the measurement units from ft to m or vice versa.
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Scale
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Depth
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Re-size model by Scale
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oK I Cancel |

Separately, in a special way, units of measurement are configured for the database wells used in
constructing the model. Details below in the Database, Conversion of Units of Measurement section.
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16.2 Seismic Frame

If the measurement units are changed in the project, only the display in the current project™s Seismic
Frame is updated: gathers™ distance, velocity and density are shown in the chosen measurement units;

however, the data files themselves are not modified.

For example, if you have selected ft as distance units for the project, the display of trace coordinates will
change accordingly. For instance, if the Distance option in the project is set to meters, a SEG-Y file

is displayed as follows:
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File Database Edit View Model Map Seismic Run Help )
P DEE2CEHT0 P REB QR @ |/

J— W NA [k mak| B E @
A

4 35 -3 25 -2 -1.5 -1 -05 0 05 1 15 2 25 3

L R
\

<

S N 3
X 0 400 800 1200 1600 2000 2400 2800 3200 3800 4000 4400 4300 5200 5800 6000 6400 6800 7200 7600 8000
o ‘41000 '-500 0 ‘500 1000 ‘1500 ‘2000 ‘2500 ‘2000 ‘3500 ‘4000 '4500 '5000 ‘5500 '6000 ‘€500 7000
= A
- S
- o
£ L
S L
S o —
1000 = - 1000
= e
AR e &= >y
& =
- Coordinates in meters
- R L
' et
2000 2000
AR o4
R L 4
M|

Synthetic seismograms creating: STEP 1: Create Velocity Model > || STEP 2: Acquisition Geometry > ]l STEP 3: Run modeling > ]I

& Hide
¢

point: 97 x99 mm, Frame size: 203 x112 mm Z=1890.0 ms Val=0.000953

X=35000m

If the Distance option is set to feet, the same SEG-Y file is displayed as follows:
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When the displayed data is in seismic formats TGR or SEG-Y, and the data is velocity or density, then

their values will be scaled in accordance with the selected measurement units.

Please select the component of the seismic file to be displayed by specifying the Component

parameter inthe Seismic File Properties dialogue box which is invoked by Seismic >

Seismic Frame Properties.

Seismic Properties

Common | Units |Layaut I Profile I Zoom I F‘.ulersl

ExXH

Seismic File Properties

Seismic Data Type: [Seismogram

=)
SGY Headers

Component: ['u'ertiml Particle Velocity (Z)

=

Seismic File Measurement Unit

Z Axis: Time

Distance: [m - ]

Velocity:

Density:

The measurement units

Trace statistics

Zmin

\ Characteristics of gather data

Mof traces &0
Samples per trace  5o1
£step 2 ms

a Zmax 1000 ms

of data in the file

Reset Coordinates ]

[ QK. ] [ Cancel Apply
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16.3 Map Frame

If the project™s measurement units are changed, the loaded and computed surfaces will be deleted. To
transform the size of the loaded surface from m to ft or vice versa, use the command Map > Active

Map > Scale Boundaries.

-

Scale surface @

ik Hna: v Tnas

Fram rectangle

|25 | 2955 |25 4515

to rectangle

|25 | 2955 |25 4515
Corvvert from ft bo m | Cornvert from m to ft |

Cancel |

b

In the dialogue box above, please press Convert from ft to m Or Convert from m to
ft to convert the measurement units for the selected surface.

To convert the surfaces built by a database of well intersections, it is possible to change the distance

measurement units in the database (oil field or well), and then build the surface again.
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16.4 Database: transform the measurement units
Please see Section 17 for details about content and filling of the database.

The contents in the database do not depend on the selected measurement units in the project.
Furthermore, some data in the database (for example, a particular field) may contain data in the imperial
measurement system and other data may be in the metric one. To transform the data for such field from
one measurement system to another, please select the field with mouse in the database tree, and then
choose the command Database > Convert Units.

F |
Convert units ﬁ
Field:  ALL Well: ALL
Data to convert Direction

(* meters to feet
v Indinometry " feet to meters
¥ Strata

¥ Logs

Convert | Cancel |

b

In the dialogue box above, select the data you would like to convert and conversion direction (from ft to
m or from m to ft).

NOTE: Before well data is used for model building, the data must be converted to the
project’s measurement units (the command Database > Convert Units).

The values of curves loaded to the database may also be converted, but it has to be done one by one. To
do this, please select the needed curve in the database tree, and choose the command Database >
Data Properties.

© Tesseral Technologies -User Documentation- 403



g |
1 | Log Properties @
Field |Genera| (m)
well 1
File Mame |1.Ias Methed | DT
Descriph'on|

Position
Start | 200 Stop | 3200 Step | 0.2000000
Points | 1550 Vrmin 177.47500 Vmax | 305.453800
¥ EditLog [~ Manual Draw Smoothing | Delete |
W Show Initial Log [£ /75 Selectall |
177.47 305.45
=
2892 |
8% |
2900
2904 |
2908 |
2912 |
2916 |
2920 |
2924 |
hd
Scaling _« | |
Scale = 566
CK | Cancel |
.

Inthe Log Properties dialogue box, check Edit Log and press Transform.

In the next dialogue box Transforming Data enter the scaling coefficient.

r -
Transforming Data @
Multiply by: Add: |0
Apply to
" Interval f» Alllog
oK | Cancel
h

It is recommended to perform such data transformation for all the acoustic logs in all wells of the same
deposits, so that the same measurement units are used.

After having normalized the logging data, it is possible to choose the measurement units for all curves of
the model during model creation by well data, by specifying the Measurement unit parameter in

the Log dialogue box.
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Log ==

Wel-logs
Wwidth [mm] |10
Add wWelllogs » Log description
Delete Well-log <
elete Well-log Net
Delete All'welHogs <<
- Autocalculahon
c:ale -

DT
Specification | Campressian Yelocity or T j Measurement unit | usec/m

Fram Ta Scale

1282 o7 [urit/rnm] Top 9946 m
1 |0 o o Bottom |3271.8 i

2 |0 o o

3 fo E I0

Scale type  |Li
Line stvle P meat z By default

¥ v Scale autocalculation

Select Well ta Display 'Welog Infarmatic | 12 j

Cancel |

h

While the polygon’s parameters are filled with interpolated well data, the logging data are first converted
to the selected measurement units of the project (m/s, ft/s, kg/m3, g/cm3). To ensure correct conversion
of the measurement units, the measurement units for logging must be correctly set in the
Measurement unit parameter.
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17 Annex B: Geophysical database

To connect to the database, expand the upper node of the Database tree in the left pane of the Tesseral
Pro window.

F
ﬁ Untitled - TesseralPro

Eile Database Edit View Model Map Seismic 3D View Run Help

P DR 2SI HE S 4 n BB QAo
2% A
IEl Project (Save to create workspace) A

© Tesseral Technologies -User Documentation- 406



17.1 DBMS
Tesseral Pro uses DBMS MS SQL Server or MS Access to store well log data.
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17.2 Diagram of Classes

-
ﬁ Untitled - TesseralPro

Map
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fields Ay
g |id_fields File Database Edit View Model
name wells> )
field_cade R |id_uie } Ded =)= Eéé (
deposit_code ™ number 1 5
company_code [ |borehole E éé A. @
% _|bush @[] Project (Save to create workspace)
_ |weltype_rode #-E3 Model
field_code | [wellstate_code @ Map
%‘ﬂeld_cude company_code @SS Seismic files
narme " |service_code logs
[ — - g IPro.
id_fields (%] |d$g e € Database (TesseralPro.mdb)
T fuwi | |id_wells N & General (m)
T x | |filename =& 1(07
params oy method N € Strata
— | N
2 |id_params [ '_gkb [— s;\:rt
id_wells . jd — smp
code L[ .p
o | |points
vmin
name —
| |vmax
| |device
| |description
b data B 10
L € Strata
inclinometry ¢ strata €= g
id_wells F |id_strata 4 4
_depih I |id_wells SIATARCoS @0 Logs
|« [ |strats_code | B [strata_code -6 11(07
Ty "~ |iskottom | [name m A 12N
me — — e . compressional_velocity
— — - d i
zenith_angle narne — Ensmj e "
" |azimut " |depth | |shear_velocity Well data displayed
T curve T« | |anisotropy_epsiion in Tesseral Pro
~stretch — _amamh’opy_delta
— Zza — Z . anisotropy_phi
: authar : authar
| |version | |version stratum_type
| |activity | |activity 7 |stratum_type
narme
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17.3 Description of tables and basic fields

Tesseral Pro has the following well log data structure:

The upper level is Fields (Fields table). The database can contain several fields. The fields contain
wells (We1ls table). Each well may only belong to a single field.

Awell can contain:

Fields: The main attribute is Name

(name of the fields).

Stratigraphy (Strata table) with

stratigraphic well cuttoffs.

Well inclinometry (Inclinometry table).

Well logs (Logs table)

Field 1
Field 2
Well 1
Well 2
Well 3
—— Layers
—— Inclinometry
Well Log
t Log 1
Log 2
Well 4
Field 3
[ Fieid Properties =)
Name | General (m)

Cancel

Wells: Belongs to a field. The main attributes are:

Number —Well number (name)
%, y — Well coordinates

EBK — Elevation Kelly Bush (corresponds to the
Elevation Kelly Bush parameterin the

Well Properties dialogue box)

P

Well Properties

Field |Genera| {m)

MNumber | 1
x [w0s551
¥ | 7172923.5

Elevation Kelly Bush (EKE) |85.6

Bottom |0

Cancel

Borehole — Well bottom (corresponds to the Bot tom parameter in the Well

Properties dialogue box)
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Inclinometry: Belongs to the well. It contains the table

- . Incli &
with coordinates of the marks along the borehole. — A
depth
. Depth — Depth mark from the wellhead = ; . P
20 0 0 -05.0
o %, y — Borehole deviation from the wellhead at the “ : : s
current depth mark 80 0 0 5.6
100 0 0 14.4
. z — Absolute depth of the current well mark from - : : o
the sea level; positive values mean - 0 0 o
ce . . 200 0 0 114.4
,below the sea level”, negative otherwise 220 0 0 134.4
240 o] o] 154.4
260 il il 174.4
280 i} i} 194.4
300 0 0 214.4
320 0 0 234.4
340 o] o] 254.4
350 il il 274.4
380 i} i} 294.4
400 0 0 314.4
420 0 0 3344
440 o] o] 354.4
460 o] o] 374.4
430 i} i} 394.4
500 0 0 414.4
a4 1L} 3
Close

Strata: Belongs to the well. It contains the table of the well*s layer-intersections. The main attributes

are:

o Well strata isthe name of layers

o Type defines the stratigraphic type (layer/mass/suite/stage and etc) of the current

layer. The table of allowed database*s stratigraphic types is strata type
o Strata code is the layer code in the database™s code table strata code. Itis
used for automatic building of surfaces by using the layer-intersections

o Depth is the depth of layer intersection

. x, vy, z are the absolute coordinates of the layer intersection

° Is Bottom —,1“for bottom, ,,0 for top

[ Well Strata List =5=)

Field strata | Well strata Depth | Type Is Bottom bs i z | -
14 (atimskaya) Atlimskaya 354.1 stratum 1] 490454.8 7172923.5 268.5
14 (Atmskaya) Atlimskaya 393.0 stratum 1 430454.5 7172923.5 307.4
15 (Tavdinskaya) Tavdinskaya 395.1 stratum 0 490454.8 7172923.5 309.5
15 (Tavdinskaya) Tavdinskaya 454.3 stratum 1 4904548 7172923.5 368.7
16 (Lulinvorskaya) Lulinvorskaya 456.9 stratum i} 490454.8 7172923.5 3713
16 (Lulinvorskaya) Lulinvorskaya 6534.8 stratum 1 490454.8 F172923.5 599.2
17 (Taliskaya) Taliskaya 539.8 stratum 0 430454.5 7172923.5 604.2
17 (Taliskaya) Taliskaya 855.0 stratum 1 490454.8 7172923.5 7689.4
1 (Gankinskaya) Gankinskaya 859.4 stratum 0 480454.8  F172923.5 773.8
18 (Gankinskawval Gankinskava 1102.6 stratum 1 4901454.7 F172923.5 1N17.0 S
Field strata {

StLrata Code: Belongs to the layers (stratigraphy). It contains the table with the codes of field layers.

The main attributes are:

Number is the layer code in the database’s code table strata code

Name is the name of the layer code
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o n.of wells is the number of wells, where a layer with the specific code is

used
r ~
B | Strata Code @

Mumber Mame n.of wells | -
1 Kz 5 1
2 K 6 3
3 il ]

4 T1(dr) &

5 C2m -]

[ Cb [

7 Cls2 ]

3 Cisl ]

9 Clv2 [

10 D3 3

11 D3fr 3

12 Ci{vi+) 5

13 D3fm 4

14 Atimskaya 20

15 Tavdinskaya 22

16 Lulinverskava 48 i

Delete Cancel
h

Strata type: Belongs to the layers (stratigraphy). It contains the table of layer types.

The main attributes are:

A A [ B ' Log Properties &
° stratum type is the layer’s code in
the layers codes table of the database Fild | General (m)
strata code: el !
° name — iS the Iayer name File Mame | Llas Method |DT
Descriptionl
Logs (log curves): Belongs to the well. || . ..
It contains the table of the well logs. Stert | 200 2 e Step | 0-2000000
Th . tt b t Points | 1550 Vmin | 177.47500 Vmax | 305.45300
€ maln attriputes are:
[ EditLog - | |
o Method isthe layer’s name " | |
. Start, Stop are the curve’s top and V747 305"‘%‘
bottom 2892 ]
. . 2896 |
J Step is the curve’s sampling step 00
. Vmin, Vmax are the curve’s amplitude rang ig; ]
2912 |
2916 |
2920
2924 7
=
Scaling 4 | |
Scale = 566
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17.4 Database connection, creation and copying

Connection to the database is established automatically while loading Tesseral Pro or by using the
command Database > Connect.

7~

Connect to database ﬁ
SOL Server MS Access [*MDB)
. i
" | Provider |SQL Server 2005 Express (local] J File Mame:
Server. | |E: “Tesseral TechnologieshTesseral Pro* Browse...

Database:

Custam Connection String

Provider=microsoft Jet OLEDE. 4.0.0 ata Source=C:4T esseral TechnologieshT esseral Pro%T esseralPro.mdbalet OLEDE:Syst

Authentication

Logi: |
Paszzword: |
Default Connect... | Cancel |

A

Please select the DBMS you would like to connect to, and adjust the connection parameters. The MS
Access test database TesseralPro.mdb with several wells is included in the installation.

To back up the Database, please use the command Database > Backup. For MS Access:

It creates a copy of the “.mdb” file by using the standard Ssave As dialogue box. For MS SQL Server:

Backup Database... i'

Database Mame: | TesseralPro

— Data Properties

Backup to:

ram Files' Tesseral ProtTesseralPro.bak Erowse, ., |

This path is local o SQL Server. If you are using
Tesseral Pro and Microsoft SOL Server on different
computers, please use the path on SQL Server
computer. This is why Browse button is disabled.

Cancel | Backup I

Please provide the full path and name for the backup copy. It is recommended to back up the database
before operations that could lead to data loss like loading and deletion, so that, in case of any incorrect
actions, the database can be recovered from the backup copy.

To create or restore a Database, please use the command Database > Create/Restore.

MS Access creates a new “.mdb” file while creating a new database by using the standard

Save As dialogue box. Restoring such Database is not supported, so please use the command
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Database > Connect to connect to another “.mdb’ database.

When MS SQL Server creates a new database, please enter the Database Name, and then select

Create Empty Tesseral Pro Database. To restore a database from the backup copy, please

select Restore Backup, and then define the full file path and the name of the backup created

previously.

Create /Restore Database...

Database Mame: | TesseralPro

— Data Properties

¢~ Create Empty Tesseral Pro Database

Collation ICyriIIic_GeneraI_CI_AS

& Restore Backup

[

Browse button is disabled.

IC:\Pngram Files\Tesseral ProtTesseralf  Browee, . |

This path is local to SCL Server. If wou are using Tesseral
Pro and Microsoft SQL Server on different computers,
please use the path on SOL Server computer. This is why

Cancel |

NOTE: All current data will be lost while restoring the database from a backup copy
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17.5 Dataloading

The data is loaded into Tesseral Pro either from LAS files (to the Logs table) or from text files to the
tableswells, Inclinometry, Strata and Strata code. Data can either be loaded to an

existing well, or loaded to a field, in which case the program “distributes” the data from the file over the
existing wells or creates new wells automatically.

Data in text files (TXT, CSV, and TAB) must be presented in the form of columns (the columns are
separated by spaces, tabs or semicolons). It is preferable that each column has its own header. For
example,

Well Number X y ekb borehole
1 490454.8 71729235 85.6 3502
2 482493.0 7160560.5 96.4 3812
5 484796.1 7155446.5 89.7 3555
6 475956.6 71585335 100.0 3456
7 472471.0 7156297.5 100.4 2544
8 476867.3 7163649.5 91 3514
9 477733.9 7156292.5 98.2 3098
10 459056.6 7146075.5 92 3113
11 496123.6 717966674.9 11 3221
12 498422.6 718709668.9 12 2801
13 480333.9 7165486.5 877 4121
14 470601.8 71534475 105.6 3434

The first column is the obligatory well number where the data is to be loaded. To prepare data for
loading, please use the command Database > Prepare Text Tables. To load prepared text
files or files in LAS format, please use the command Database > Import Data.

STEP 1. Create a field — Please use the command Database > Add Field, and then set the name
of the new field in the pop-up dialogue box

STEP 2. Load well coordinates, elevations and well bottoms — Please use the mouse button

to select the field into which you would like to load the data, and then choose the command
Database > Prepare Text Tables

[ Text Table Loader [
File Edit Table
Data toimport: (ISR ~ |  Field: |General (m) j well: |-:A|T-_: . J
| | | | | | -
Well Number

| T T T T T T T T T T T ) ) | 3

-

T 3

Import | Cancel
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Inthe Data to import list, please select wells.

If you have a text table with the necessary information, please use the command File > Open inthe
Text Table Loader dialogue box. If the data are in Microsoft Excel or Word format, use the
Copy/Paste commands to transfer the data from the MS Office document to Text Table
Loader via the Clipboard.

12 4510 4650 518 4554

i 1 I

Column with well number. Must Columns with data
be filled

4 I 2

Import | Cancel |

' |
[ Text Table Loa| Table where the data @
File Edit Tabfl IS to be loaded Field to load
Data to import: | wells -|  Field: |General (m) j el [oane |
4 Database attribute names
I I I I Bk/ : :
|| Well Number x ¥ ekb borehol I
i Wel X i EH Bottomq__| Header from the file | |~
n & 2580 3180 995.4 4N being loaded. It can
| 8 5030 3210 1015 5230 contain any text
n 9 3270 5830 942 4832
n 10 3850 3070 59.1 4600
n 11 3620 3660 100.1 4768
¥

A

The first column from the text table is obligatory and contains the number of wells into which the data is
to be loaded. The light green (second) row is optional and it is intended for the headers from the input
file. In the first yellow row, all the attribute names of the columns you want to load should be entered.
Click the mouse inside each of the cells to select the attribute, into which the data from the column are to
be loaded.

It is not necessary to load coordinates, bottom of the hole, and altitude all in one table; sequential data
loading (amending) to the wells from several files is supported.

Please use the command File > Save as textin the Text Table Loader
dialogue box to save the prepared table as a text file.

NOTE: There isno Undo/Redo command inthe Text Table Loader dialogue
box. Therefore, it is recommended to save partial results periodically by using the File >
Save command.

When the table is ready, please press Import to load the data into the selected field.

After data has been imported, it is recommended to QC the result; use the mouse to select any loaded
well and then choose the command Database > Data Properties.

Well Properties ﬁ

Field |General {m) j
Mumber | 1 Elevation Kelly Bush (EKBE) | 85.6

X | 49045481 Bottom |0
¥ | 7172923.5

Cancel |

S
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Inthewell Properties dialogue box, you can modify any data and save them to the database
using the OK button.

STEP 3. Load inclinometry. Generally, loading inclinometry is similar to loading well coordinates.
Please select a field where you would like to load the inclinometry data by the command Database
> Prepare Text Table,andthenselect inclinometry fromthe Data to import list.

F |
[E| Text Table Loader &J

File Edit Table

Data toimport:  [incinometry v |  Field: |General (m) | wel: [<anys ~|
| | | | | | -

| Well Number depth x ¥ z zenith_angle azimuth of

|| WellNumber Diepth X Y il k-

n 1 0 0 0 -85.6

n 1 20 0 0 656

n 1 40 0 0 -456

n 1 &0 0 0 -256

n 1 20 0 0 -56

n 1 100 0 0 144

n 1 120 0 0 M4

n 1 140 0 0 544

n 1 160 0 0 744

n 1 180 0 0 544

n 1 200 0 0 1144

n 1 220 0 0 1344

M 1 240 0 of 1544 i

] I 3
Import | Cancel |

To use the inclinometry data in Tesseral Pro, the columns depth, x, y, z need to be filled. The
remaining columns are only informative and they do not influence the borehole shape. Apart from the
first column (well number), the order of the other columns is not important. The rows order for
a single well is also not important, but it is not recommended to have the data in the file related to the
same well shaped like “blocks”; it is better to sort all wells

by well number.
Once the table is ready, please press Import to load the data into the selected field.

After loading, it is recommended to check the loading result. For this purpose, please select the
Inclinometry branch for any of the loaded wells, and then choose the command Database >
Data Properties.

r ~
1 ' Inclinometry @
depth X y | z -
0 0 0 -85.0
20 0 0 -65.6
40 0 0 -45.6
&0 ] ] -25.6
80 0 0 -5.6
100 0 0 14.4
120 0 0 34.4
140 0 0 54.4
160 ] ] 744 -
4 11 b
h

For correct mapping, the table ITnc1inometry must be filled (for the wells you want to use for
mapping). If you have no inclinometry data, the wells can be assumed to be vertical, and
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then the inclinometry data can be generated automatically; this can be done by the command

Database > Create Inclinometry.

i N
Create vertical inclinometry &J
Field: Select wells:
|General {m) j iD -

1
12
13
14
15
15

Create indinometry | |17
13

2

m

Select wells without indinometry

Select wells with altitude and bottom ‘

In this dialogue box, please select the wells for inclinometry generation from the list on the right, and
then press Create inclinometry. Forautomatic creation of inclinometry, the information about
the well’s altitude and bottom hole is used from the we11s table. While creating inclinometry in the
absence of this data, you will be prompted to enter the altitude and bottom of the hole manually in a
dialogue box.

Use the buttons Select wells without inclinometry and Select wells with altitude and bottomfor
automatically selecting the wells in the list.

The result of executing Create inclinometry isshown below for a well.

r ~
i Inclinometry lé]
depth | X y | z
2] 0 0 -68.9
3280 0 0 32111

b

NOTE: In case that the selected well already had inclinometry data, the old data will be
deleted.

NOTE: If you do not like the results of loaded inclinometry, please select the field with the
mouse and then use the command Database > Delete from Field >
Inclinometry and repeat loading again.

STEP 4. Load stratigraphy. Generally, loading stratigraphy is similar to loading well coordinates and
well inclinometry. Please select the field you want to load the stratigraphic lay- outs with the mouse and
then choose the command Database > Prepare Text Tables. Please select strata from the

Data to import list.
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| Text Table Loader &J

File Edit Table

Data toimport:  [strata -|  Field: |General (m) ﬂ wiell: | <Any> j

| | | | | | -

| Well Number isBottom depth name I
| WellNumber |zBottom Depth Name 3
n 3 1 140 Kz

] g 1 225 K

n 3 1 £B5 J

] § 1 1232 T

n 3 1 1620 C2m

n 3 1 2240 Cb

n 3 1 2352 Cls2

n 3 1 3255 Cls1

n 3 1 3950 Civ2

n 3 1 EARD D3fr

n 3 1 3950 D3

] 7 1 135 Kz

n 7 1 283 K il

4 B : i I b
Import | Cancel |

The main attributes are name (layer name), depth (layer-intersection depth along the borehole),
isBottom (1-bottom, O-top). If the absolute coordinates of the layer-intersection are available, it is
worth loading them into the database. Otherwise these coordinates will be calculated automatically
every time before calculating a layer surface map.

Apart from the first column (well number), the order of the other columns is not important. It is
recommended to sort the rows in advance by well numbers.

Once the table is ready, please click Import to load the data into the selected field.

During the loading process, if a layer name is not found in the strata code table, you will be
prompted to assign/create a layer code for this layer in the dialogue box below.

r ~
Assign a value @

Mew strata name found! You can create new strata or assign it to
existing strata.
Strata nameis: KZ

K -
]

Ti{dr)

C2m

cab

Cls2

Cisl

Clv2
n2

™ Apply to all new

Create new | Assign | Assign Empty | Cancel |

b

Create New is for inserting a new row into the database®s layer code table. The new layer code in
the well is assigned to this row.

Assign isto assign the layer code in the well selected from the list.

Assign Empty is for setting the layer code in the well to “0”.

Cancel for no action
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NOTE: The layer code is of great importance for surface-layer building by layer-
intersection data and automatic creation of polygons in the model. The attribute name is
ignored in both cases and only the strata_code isused. Thus, it is recommended,
whenever possible, to identify the new layer name with an existing code from the Assign

It is recommended to check the results of the loaded Stratigraphy by selecting the Strata branch of
any loaded well and then choose the command Database > Data Properties.

s ~
i Well Strata List [
Field strata Well strata Depth Type Is Bottom X Vi z | -
1(KZ) KZ 426.5 stratum 1 0.0 0.0 0.0
2{K) K 320.2 stratum 1 0.0 0.0 0.0
3 1 2329.4 stratum 1 0.0 0.0 0.0
4 (T1(dr)) T1(dr) 4068.2 stratum 1 0.0 0.0 0.0 E
5 {(C2m) C2m 5124.7 stratum 1 0.0 0.0 0.0
& {(C2b) C2Zh 7299.9 stratum 1 0.0 0.0 0.0
7 (C1s2) Cls2 8021.7 stratum 1 0.0 0.0 0.0
8(C1s1) Cls1 10455.9 stratum 1 0.0 0.0 0.0
g (Civ2) Civ2 14042.0 stratum 1 0.0 0.0 0.0
12 (CAfw 1+ Cifwl+ 14977.0 stratim 1 n.n n.n n.n S
Close
h

NOTE: If you do not like the results of the loaded stratigraphy, please select the field with
the mouse and then use the command Database > Delete from Field >

Strata and repeat the loading process again.

STEP 5. Load well log data — The well logging curves are loaded from LAS files for a well or a field
with the command Database > Import data. A selection of multi LAS files is supported in the
dialogue box. After having selected the file(s) and clicking the Open button, a dialogue box will appear
for loading the curves into the well.

Import Logs ﬁ

File: |E: “SheldortTestingDIT ezzeralPratS onicOnly laz
Static

21—

WIGR Stat:  [35p Step:  |0.2000000
Stop: 2303 Count: 9774

Irnpart | Skip | Cancel |

A

Please click Import to load the selected curves into the database.

For QC of the loaded result, please select a curve from the Logs branch of the well, and then choose the
command Database > Data Properties.
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-
B Log Properties

Field I General (m)

well I 11

File Name Ill.las Method I

Description J

Position

DT
Start | 2573.1399 Stop |3325.1999 Step ID-ZDDDDDD

Points |2118 rnir I 127.74800 Ymax |362. 18798

I~ EditLog [ Manual Draw Smoothing | Delets |

[¥ show Initial Log Transform | Select Al |

127.74% 362.18

2904
2908
2912
2916
2920
2924
2928
2932
2936
2940

=

Scaling _4 |

Scale = 566

Cancel

B ENE
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17.6 Data editing

A partial editing of the data loaded from LAS or text files for fields and wells can be done by using the
dialogue box (Database > Data Properties).

r ~
i Well Strata List [
Field strata Well strata Depth | Type Is Bottom % y z | -
1(KZ) KZ 426.5 stratum 1 0.0 0.0 0.0
20K K 820.2 stratum 1 0.0 0.0 0.0
300 ] 2329.4 stratum 1 0.0 0.0 0.0
4 (T1{dr)) Ti{dr) 4068.2 stratum 1 0.0 0.0 0.0 =
5 (C2m) C2m 5124.7 stratum 1 0.0 0.0 0.0
& (C2h) Czb 7299.9 stratum 1 0.0 0.0 0.0
7(C1s2) Cis2 80217 stratum 1 0.0 0.0 0.0
8 (Ci1=1) Clsl 10465.9 stratum 1 0.0 0.0 0.0
9 (C1v2) Clv2 14042.0 stratum 1 0.0 0.0 0.0
12 (0101 +0 C1iut14+8) 145977.0 afrahim 1 n.n n.o n.o S
Field strata
h

In the Wwell Strata List dialogue box, the layer codes in the database can be inserted,
deleted or modified by using the Field Strata button.

r ~
B | Strata Code @

MNumber Mame n.of wells | -
1 Kz 5 1
2z K 6 3
3 ] ] s
4 T1(dr) &

5 C2m =]

] C2b ]

7 Cls2 ]

3 Cisl ]

9 Clv2 [

10 D3 3

11 D3fr 3

12 Ci{vi+) 5

13 D3fm 4

14 Atimskaya 20

15 Tavdinskaya 22

16 Lulinverskava 48 i

Delete Cancel
h

NOTE: To change the layer code name, please double click on its current name and then
change the name in the edit field.

To edit the log curve, choose the command Database > Data Properties and select the
curve name from the database tree.
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v EditLog [~ Manual Drap'/ : %

IV Show Iny:igl Log Transform\~l Select Al |
S

177.47.

7
z ol
2892 ,' Smoothed
28%6 /’ interval
2900 VA

7
2w | g —"

2
Deleted
anomalous
values

2924 “ J
Scaling _« | 1 |

Scale = 566

3

0K | Cancel |

r - r -
1 | Log Properties @ 1 ' Log Properties @

Field | General (m) Field |General (m)

well 1 well 1

File Name | 1.las Method | DT File Name | 1.las Method |OT

Description | Description |
Position Position
Start | 200 Stop | 3200 Step | 0.2000000 Start [200 Stop | 3200 Step | 02000000
Paints | 1550 Vmin | 1/?;4?50'3 N ymax | 305.45800 Points | 1550 vmin [177.47500  vmax [305.45800

|v EditLog

¥ Show Initial Log

177.47

2892
2896
2900
2904
2908
2912
2916
2920
2924

Scaling _¢ | |

Scale = 566

o]

Cancel

=
|
|

A

Inthe Log Properties dialogue box, please check Edit Log checkbox to enter the log editing
mode. Then select the log interval by the mouse (press-drag-release), or use the button Select A1l
to select the entire log. The selected log interval can be smoothed by using the Smoothing button or
scaled by using the Transform button, or deleted by using the Delete button. A log interval can be

drawn manually by using the mouse (press-drag-release) while the Manual Draw checkbox is

checked.
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F ™
1 | Log Properties u 1 ' Log Properties u

Field I General (m) | | Field | General m;

well I 11 Transforming Data

File Name | 11.Jas Method Multiply by: |2 Add: |-0.5] Method IDT
!
Descripﬁon] J Apply to
1
Position : " Interval is Alllog

kte step | 0.2000000
Start [2873.15%5  Stop |3325.1999 B p [3325. 1999 p |
Points |z113 Vmin |12?.?4800 Ibmax oK Cancel | h |127.74800  vmax |723.87597

- 1 b
v Edit Log [~ Manual Draw Smoothing I i — T Sy armardraw Smoothing I Delete I
~
¥ show Initial Log Tranﬁrm | Select all | W Show Initial Log Select all |
~
127.74 362.18 127.74 RIS 723.87
- N -
2904 | 2904 | ~
2908 | 2908 |
2912 ] L 912 | Scaled
1 . 1 cale
218 < Initial log  PHE——P Y
2920 2920 9
2924 | 2924 |
2928 | 2928 |
2932 ] 2932
2936 | 293 |
2940 = 2940 =
Scaling _¢ | | = (] Saling «f T = = o
Scale = 566 Scale = 566
Ok I Cancel | oK | Cancel |
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18 Annex C: Licensing policy

Tesseral Technologies Inc provides several ways to license Tesseral Pro. For detailed information
about license policy, please contact support@tetrale.com .
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18.1 Single-user License

A local alpha-digital key is bundled to a particular computer. Licensing with the alpha- digital key does
not allow using this key in any other computers. This may be the most suitable choice for the package™s
trial license, a public standalone PC or permanent user-independent workplaces like a computer class at
a training facility.

A local hardware key (HASP) provides the licensing when the HASP is plugged into a USB port of a
computer. User can install the same Tesseral product on other workstations and use the same key. So
this type of licensing is the most suitable for occasionally using Tesseral package on multiple work-
places, e.g. both at home and in the office.

425
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18.2 Network License

A network license is unique for the client's network. The license key is usually installed on one of the
network PCs called a Server. It may be the best choice for bigger or scattered companies. Due to the
increasingly toughening policies in Windows system administration, it may require some additional
network administrating efforts (eliminating possible interference with particular network security
features and local network Firewall settings) to support such configuration, but this type of licensing
allows multiple users to utilize the common license directly from multiple network PCs, but a program
must be initially installed on each of computers where Tesseral is running.

o A network alpha-digital key license is unique for the client's network. The license key
is installed on one of the PCs from the network (a Server PC); it may be a virtual
machine because this type of licensing does not require special hardware.

o A network hardware (HASP) key provides licensing when HASP is plugged into a
USB port of any computer in the local network or VPN (Virtual Personal Network) to
which the user's computer is connected.
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18.3 Mixed Licenses

Any combination of the types of keys mentioned above can be used by the client for licensing Tesseral
products. For example, a network HASP key for 3 workplaces, 2 local USB HASP keys and 2 alpha-
digital keys can be purchased and used together as a license for 3+2+2=6 workplaces. Each type of key
may be accompanied by a particular variant of the Tesseral product.

Licensing for evaluation period is usually done with local alpha-digital key.
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18.4 Setting up a license

Licensing with Hardware key (HASP) allows users to run the Tesseral package by plugging an
electronic USB device (called the HASP key — “Hardware Against Software Piracy”) supplied by
Tesseral Technologies Inc into a computer’s USB port. The HASP key (Guardant) driver is Microsoft-
certified.

A HASP key is initially coded for the latest version of a particular Tesseral product and configuration
and might not work with future versions released as the package is developed. Upon the user request and
payment for upgrade, this key can be coded for the upgraded version and product configuration via e-
mail (users will receive necessary instructions in this case).

HASP key can be coded for un-limited period (permanent) or limited period (trial or leasing period),
and, after this period, the package will not work until user gets a new permanent HASP key from
Tesseral Technologies Inc or a code from Tesseral Technologies Inc via e-mail.

A HASP key is not bundled with a particular Tesseral installation CD.

The user must keep the HASP key and not lose it, because the company does not provide replacement of
the HASP key, because it is impossible to verify the number of licenses actually used in this case. If a
HASP key is damaged, users must inform company's Customer Service by e-mail and then send it via
mail to the provided address to get a replacement key for its market price (about US$ 50 for shipping
and handling).

The green indicator on the USB device means that the drivers are correctly installed.

IMPORTANT NOTE!
The new (2008) HASP drivers are strictly linked to the Windows™ (not computer’s!) bit number (32 or
64 bit). During the installation, the program recognizes the Windows type and installs the corresponding
drivers. Insert the USB key only after the installation has finished. You can't mix 32-bit with 64-bit
drivers if you have to install them manually.

The first time you run Tesseral Pro, the Registration Dialogue (see figure below) request users to specify
corresponding license information.

Depending on the license type, you have several

. rE Register Tesseral Pro Q
options: - — =
Alpha-digital key
(1) Enter the alpha-digital key and press ing Code:
113 : 99 (1) Please email this outgoing code to the Customer
Regl Stel‘ Selvpce, and then enter the incoming key you
(2) Insert the USB key and preSS “II’ISGIT Key” Incoming Key: IWZHSKTNMX4M497MUSXNHA><SES
Please, visit http://www.tesseral-geo.com for
information of how to obtain trial evaluation key.
3) Enter the address of a Network Ke , :
( ) . . y (2) Regis! (3) Cancel
Server and press “Connect e e
o  Network Address: [—
| ' Insert Key P 3 o
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18.5 Installing Guardant Network Services
To use network USB keys, it is required to install the Guardant Network Services on your computer that

will serve as the key server. If you are not using network license, you may skip this section.
The Guardant Network Services can be downloaded for free by following this link:

http://www.geopoisk.com/tesseral/download/GuardnetNetServices.zip

Detailed guide for installing Guardant Network Services can be downloaded by following this next link:

http://www.tesseral-geo.com/documentation/en/license/ TesseralNetworkLicenselnstallation.pdf

More technical details are described in the key vendor's manual: http:/www.tesseral-

geo.com/documentation/en/license/Guardant LAN_Guide.pdf Unzip and run the installation program:

STEP 1. Click Next >

& Guardant Net Services 10 x|
J File Edit View Favorites Tools  Help |i

J FBack = = - | Phsearch [ Falders  {HHistary | P r i >

Address |ﬁ Guardant et Services j Pran
1 d =y %
o U =
- Guardnethets
Guardant Net ervices exe
Services

Select an item to view its
description.

S also!

[y Dacuments

Iy Metwork Places

[y Computer
|1 ohiject(s) 5,76 MEB |@‘ My Computer v

ﬂ-!) Guardant-Net Services Setup = | ——‘ll‘.l

Welcome to the Guardant-Net
Services Installation Wizard

It is strongly recommended that you exit all Windows programs
before running this setup program.

Click Cancel to quit the setup program, then close any programs
you have running. Click Next to continue the installation.

WARNING: This program is protected by copyright law and
intemational treaties.

U horized ion or distribution of this program, or any
portion of it, may result in severe civil and criminal penalties, and
will be prosecuted to the maximum extent possible under law.

STEP 2. Select the Destination Folder and press Next >
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http://tesseral-geo.com/documentation/en/license/USBKeyRemoteUpdate.pdf
http://tesseral-geo.com/documentation/en/license/USBKeyRemoteUpdate.pdf

{i Guardant-Net Services Setup B =121 x|

Destination Folder é
Select a folder where the application will be installed. ~—<

The Wise Installation Wizard will install the files for Guardant-Net Services in the
following folder.

To install into a different folder, click the Browse button, and select another folder.
‘You can choose not to install Guardant-Net Services by clicking Cancel to exit the Wise
Installation Wizard.

o Ealc

D roiger
[C:\Progam Files\Guardant-Net Services\ Browse I ’

o [T _owe |

STEP 3. Insert your USB key and then press Next >

& Guardant-Net Services Setup: i =100 x|

Please, insert Guardant
Network key now

Please, press
the Next button after
you insert your key

<ok [THews | _ Cancel |

a) You may run “Network key monitor” to check if your key is working properly

Windows 2000 Professional

Rstort || (] @ 3 || _IGuardank Net Services |

b) ... and check: The “Host name”
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»= Guardant Net Monitor 9 (=]

| servers view Hep

18R 2

] Found servers:

3185

Guardant Net Server on SERVER

Server monitoring Administration

8¢ SERVER (127.0.0.1,192.168.0.2:3182)
[EQ IKGLOSW
/ # Guardant Net Il (2288818D

This is the information
about your key

Get client ini file

%g Guardant Net Server Pledse remember
the Host name

Host name: SERVER
Data send timeout (1..120 seconds); 20
Data receive timeout (1..120 seconds): 20
IP address: 127.0.0.1,192.168.0.2
TCPAP port 3182

UDP port for incoming datagrams: 3183
UDP port for outgoing datagrams: 3184
Dongle cache enabled: Yes

Use LPT dongles: Yes

Dongle lock timeout {1..600 seconds). 60
Lifetime of inactive sessions (1.49 days): 1
Web page update period (seconds). 30

STEP 4. To use the Remote USB key, please enter the “Host name” in the Tesseral registration

dialogue box and press “Connect”

-
{5 Register Tesseral Pro

(S5

[~ Alpha-digital key -
Outgoing Code:

Incoming Key:

- HASP key

Please email this outgoing code to the Customer
Service, and then enter the incoming key you
receive.

|W2H9KT T1MX4M437MUSXNHAXECE

Please, visit http://www.tesseral-geo.com for
information of how to obtain trial evaluation key.

coes_|

>
~ Network HASP key
Network Address:

! Insert Key I iﬂd
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18.6 Troubleshooting
Read this part only when you encounter problems
1. Technical information for system administrators

e Guardant Network Services use the following TCP/IP ports (both ingoing and
outgoing):

- 3182/TCP

- 3183/UDP

- 3184/UDP
e Configuration files for advanced settings:
— For server: NNKSRV32.INI (in Guardant Net Services directory)
— For client: GNCLIENT.INI (In Tesseral Directory)

2. Setting up the Firewall for system administrators
a. Open Start > Settings > Control Panel then Windows Firewall

£ Control Panel I ) S [=[ S
Fie Edt View Favorites Tools Help J ar
Qeack ¥ & v ¥ | P search [ Folders | (v
1
Address [ control Panel = Bco
u" Control Panel 2 ﬂ' § E ‘W % —
avast! 4 . AC3 Filter Accessibility ~ Add Addor  Administr... Automatic Broadcom Broadcom Date and
Antivirus B switch to Category Options  Hardware Remov.. ~ Tools  Updates ASF Con... Control..  Time
e View > [ ~n A
L v 0O 2 e B & @& %
WORD 4 See Also A Display Folder  Folder Size ~ Fonts Game Intel(R) Internal NIC Internet Java
Options Controllers GMA Driv... Configura... ~ Options
% windows Update LS o3 < X
@ Help and Support & ) % o E’ .y *‘t‘; =2 Q
Keyboard ~ Mouse  Network  Network Phoneand  Phone Power  Printers  QuickTime

Connecti... Setup... Modem... Monit... Options  and Faxes
- 3 A <3 .
e 8 9 © ¥ 9 w W @A

Regional ~ Scanners Scheduled ~Security ~SigmaTel Soundsand Speech  System  Taskbar

and La... and Ca... Tasks Center Audio Audio De... and St...
. B il ) F
2 B e &€ < @
User Windows Windows  Wireless Wireless Mouta
Accounts  CardSpace  Firewall Link Netwo...

@ Set Program Access and Defautts
‘& Windows Catalog
% Windows Update
& WebMoney Keeper Classic 3.6.0.6 |3 My Computer

Programs »
¢ Favorites
|5 Documents

B Settings *|®- Control Panel

& Search * & Network Connections &
@) Help and Support 2 Printers and Faxes &
& Run... &, Taskbar and Start Menu

2] Log Off Vadi...
(2] Turn Off Computer...

b. Setting up the Firewall: Click “Advanced” tab then “Settings” button
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% Windows Firewall Edlll % windows Firewall x|

'onsl Advanced I General I Exceptions Advanced |

~ Metwork Connection Settings

Windows Firewall is enabled for the connections selected below. To add
exceptions for an individual connection, select it, and then click Settings:

ot protected: tum on Windows

Windows Firewall helps protect your computer by preverting unautherized users
from gaining access to your computer through the Intemet or a network.

Local Area Connection 2

SE-WK nopt-MTS
@ 9 SE-kafens-MTS
Wireless Metwork Connecti
This setting blocks all outside sources from connecting to this [ Wirsloss Netwo nnection
computer, with the exception of those selected on the Exceptions tab.
 Security Logging
[~ Don? allow exceptions You can create a log file for troubleshooting purposes. Settings... |
Select this when you connect to public networks in less secure
locations, such as airports. You will not be notified when Windows
Firewall blocks programs. Selections on the Bxceptions tab will be ~ICMP
e With Intemet Control Message Protocol (ICMF), the Seftings...
computers on a network can share emor and status =
@ " Off {not recommended) information.
Avoid using this setting. Tuming off Windows Firewall may make this
computer more vulnerable to viuses and intruders. ~ Defaut Settings
To restore all Windows Firewall settings to a default state, Regiore Default
click Restore Defaults. TESOE e

What else should | know about Windows Firewall?

0K | Cancel | ok | Cancel |

C. Click “Add”, then enter connection data for ©“3182” port, then click “OK”
2
Senvices | iCMP |

Select the services running on your network that Intemet users can
acCess.

Services

[ Intemet Mail Access Protocol Version 3 {(IMAP3)

[ Intemet Mail Access Protocol Version 4 (IMAP4) Service Settings 7| |
O Intemet Mail Server (SMTP)

[ Post-Office Protocol Version 3 (POP3) Description of service:
[0 Remote Desktop ITessemI Metwork Key 1
[ Securs Web Server (HTTPS) Name or IP address for example 192,168.0.12) of the
net Server computer hosting this service on youl . X
[ Telnet S hosting th
[ Web Server (HTTF) IP address of the M oo 16501 Settings from “Technical
remote computer _'I — information” section

/@eﬁﬂ’mﬂr this service:
|3132 &~

+ TCP (" UDP

Intemal Port number for thig service:

Cre Dl _ v | |\F=

ok | conce | Q_ ok D cance |

P

d. Repeat for the “3183” and “3184” ports
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20

Services | ICMP |

Select the services running on your networls that Intemet users can
access.

Services
W FTP Server

O Intemet Mail Access Protocal Version 3 {IMAP3)
[0 Intemet Mail Access Protocel Version 4 {(IMAP4)
[ Intemet Mail Server (SMTF)

[ Post-Office Protocol Version 3 (POP3)

[J Remote Desktop

[ Secure Web Server (HTTFS)

[ Telmet Server

[ Web Server (HTTP}

<D T

oK | Cancel |
g5 TP riceserimas T

Description of service: Description of service:
ITesserclI Network Key 2| ITessemI Network Key 2
Mame or IP address for example 152.168.0.12) of the Mame or IP address for example 192.168.0.12) of the
computer hosting this service on your network: computer hasting this service|
Note:
152.168.01 152.168.0.1 .
I I 3182is TCP,
3183, 3184 are UDP
Exdemal Port number for this service: Edemal Port ni for this serwice;
[z183 " ICP  UDP EE C ICP @ UDP
Intemal Port number for this service:

Intemal Port number for this service:
|3133 |315u14

ok | cancel | 0K | Cancel

Questions and Answers:

a. Q: Network key monitor shows “blank” window

+m Guardant Net Moniter P (=
Jsum View Help

EAELE

| ronsomer: |

Please, try following:

— Check if the green indicator in the USB key is lit. If not, please download and
install the latest drivers.

—~ Try to reboot your server
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- Check your firewall (please see 2 in Section 18.6)
b. Q: Tesseral 2D/Pro does not “see” the network key

rﬁ Register Tesseral Pro g

Alpha-digital key
Outgoing Code: |

Error i M

——

y l& Unable to connect the network server!

LS 4

Please, try the following:
- Check your firewall (please see 2 in Section 18.6)
- Check the configuration in gnclient.ini file in Tesseral program directory
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