RadEXPro

Tutorial on VSP Data Processing
In the RadExPro software

(Revised 13.11.2025)

RADEXPRO SEISMIC SOFTWARE LLC
Thilisi, Georgia

Belgrade, Serbia

www.radexpro.com

E-mails:
support@radexpro.com
sales@radexpro.com



http://www.radexpro.com/
mailto:support@radexpro.com
mailto:sales@radexpro.com

seismic software Www.radexpro.com

Table of Contents

TABLE OF CONTENTS ...ttt bbbttt bbbt e bt b e s e e 2
INTRODUGCTION ...ttt b ettt et bbb bbb et e b b st e e bt ettt eaneene e e s 3
INPUT DAT A ettt bbbt b bt e Rt e A b e b e b b e bt e bt bt e Rt e s b e s b et e nb e e b s bt e be e b e e st et nes 4
CREATING A RADEXPRO PROFESSIONAL PROJECT ..ot 4
ZERO-OFFSET VSP PROCESSING ...ttt nta e nnra e naaeannne s 9
Data input into the project (010 — data 10ad) ...........cccveiiiiiiiiece e 10
Data visualization (020 — VIEW JALA) .........ccvevieiiiiieiie ettt sae e e e sae e srees 20
Picking P-wave first arrivals (030 — ThPICK) ......ooviiiiiiiiiiieee e 23

Orienting towards the source point and picking S-wave first arrivals (040 — 3C orientation+S pick). 28

Using direct wave to determine the wavelet for deterministic deconvolution (050 — signature for

(o L=Tot0] 0¥ o] (0110 o) F PSSR 35
Testing deterministic deconvolution parameters (060 — deconvolution test.) ..........ccccvcvvvriininieninenn. 43
Reflected PP wave field separation (070 — UG PP) ..ccuoriiiiiiee e 47
Building a velocity model (080 — velocity MOdel) ..........ccooveiieiiiic e 67
Reflected wave field visualization and NMO-corrections (090 — ug and ug nmowaves display)..... 72
Building a corridor stack trace (100 — cor stack trace and 110 — COr SUM) ......eevvvreerverirnieneenieeie e 76

Preparing VSP data for tying to seismic survey data (120 — ug vsp nmo waves for well tie and 130 —

COP SEACK TOIr WEIT TIE) ...ttt e e e s re e steenesreenre e 81
OFFSET VSP PROCESSING ..ottt sttt st sttt ettt st abeeneane e s e e 85
Building migrated VSP and VSP-CMP sections (080 — Migrations).........ccccoevevveiieeniiesiiesieeniee s 87
TYING VSP DATA TO SEISMIC DATA (WELL TIE) w.cveieiece et 92
Loading seismic data into the project (010 — seismic data 10ad) ...........cccoeveeriverviiniierece e 92
Tying VSP data to CMP seismic reflection survey data (020 — Well tig)........ccoeveveiiieniniiiiiicienn 94
Printing the processing results (030 — PIOTHING) ....covvveiieiie e 99



seismic software Www.radexpro.com

Introduction

This tutorial is designed for users who are beginning to process Vertical Seismic Profiling (VSP)
data with . It guides you through the standard stages of basic VSP processing,
from data input to building a subsurface velocity model and tying VSP data to seismic survey data.

The tutorial assumes that you are already familiar with the fundamentals of the VSP method and
the basic techniques used in VSP data processing. For detailed theoretical background on VSP and the
processing procedures applied, refer to the following literature:

Hardage B.A. Vertical Seismic Profiling: Principles, Pergamon, 2000

All examples in this tutorial are based on real data, which can be downloaded from our website:

http://radexpro.ru/upload/File/tutors/vsp/InData.zip

The archive includes the following source data for processing:

o Offset and zero-offset VSP seismograms in SEG-Y format (sp0_raw.sgy, spl_raw.sgy)

o Text files containing geometry (sp0_geom.txt, sp1_geom.txt)

o Logging traces in LAS format (AK.las, RK.las)

e A synthetic seismogram in SEG-Y format (seismic data.sgy) generated from logging data and
used for VSP-to-seismic tie
Additionally, you can download a completed project that contains the results of all steps

described in this tutorial: http://radexpro.ru/upload/File/tutors/vsp/MyVSPProject.zip

Please note that the program’s functionality extends beyond the modules described in this
document. Detailed information on module parameters, as well as an overview of other features available
in , can be found in the User Manual, which is available for download

from our website.


http://radexpro.ru/upload/File/tutors/vsp/InData.zip
http://radexpro.ru/upload/File/tutors/vsp/MyVSPProject.zip

Input data

The input data set includes the following files:

Near Shot Point (SP):
e sSpO_geom.txt

e sp0_raw.sgy

Far Shot Point (SP):
e spl geom.txt

e sSpl_raw.sgy

Logging Data:
o AKlas
e RK.as

Seismic Data:

e seismic data.sgy

Logging data files must follow a specific format:
e The first line must begin with the symbol ~A.
e This line must contain the DEPTH header (cable depths), followed by the headers of the

logging curves.

Creating a RadExPro Professional project

All VSP data processing in is carried out within projects. A project combines input

data, intermediate results, final outputs, and processing flows into a single database managed by the
environment.

Each project is stored in a separate directory on the computer’s file system. When a new project
Is created, its directory is generated automatically. Projects can be transferred between computers by
simply copying the corresponding directory, provided that all required data are stored within it.

Launch the Project Manager by clicking on the desktop icon or Start Menu shortcut.
Alternatively, you can launch the Project Manager by running Starter.exe from the program’s installation
folder. If you did not create the desktop icon or Start Menu shortcut during installation, you can pin

Starter.exe to the Quick Access Toolbar for easier access.
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| 7| Manage RadExPro_2021.4
Home Share View Application Tools
r% U & cut x IEII 7 New item =
w-| Copy path * ﬂ Easy access =
Pinto Quick Copy Paste _ Move Copy Delete Rename Mew
access [e] Paste shortaut 4o+ o~ @ folder
Clipboard Crganize MNew
« v » ThisPC » Local Disk (C:) » Program Files » RadExPro_2021.4 v | 0
~
Mame Date modified
» 3 Quick access Log mm s P

> @ OneDrive - Personal

» [ This PC

> [_} Metwork

463 items

1item selected 128 KB

SrmpPred.dil
SrmpPred2.dll
SrmpRet.dl
SSAA.dII
starlel.e_we
Statics.dll
Stolt3D.dll
Stolth.dll
STransform.dll
Subtr_m.dll
svml_dispmd.dll
SweepGen.dll
swellfit.dll
swresample-2.dll
swscale-4.dll
SymbDef.dll

SymbolChooser.ocx

R Tapeloader.exe

12/20/2021 12:14 PM
1272072021 11:53 AM
12/20/2021 12:14 PM
1272042021 12:10 PM
127202021 12211 PM
12/20/2021 12:08 PM
12/20/2021 11:534 AM
12/20/2021 12210 PM
12/20/2021 12:01 PM
12/20/2021 12210 PM
11/12/2020 9:21 AM
12/20/2021 11:53 AM
127202021 12211 PM
%/11/2016 2257 PM
9/11/2016 2:57 PM
12/20/2021 12:07 PM
1272042021 12:11 PM
1272072021 12:07 PM
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FH setect an

10 Select none

E‘F_‘ Invert selection

. [®z] Open ~
Edit
Properties

=2 History

COpen Select

2 Search RadExPro_2021.4

Type Size

e R
Application exten... 235 KB
Application exten... 237 KB
Application exten... 102 KB
Application exten... 113 KB
Application 129 KB
Application exten... 174 KB
Application exten... 216 KB
Application exten... 69 KB
Application exten... &1 KB
Application exten... 118 KB
Application exten... 18,717 KB
Application exten... 66 KB
Application exten... 72 KB
Application exten... 336 KB
Application exten... 518 KB
Application exten... 66 KB
ActiveX control 75 KB
Application 113 KB

==

Launching the Project Manager opens a dialog box displaying the list of registered projects.

RadExPro 20214 Project Manager — O >
Reqistered
Project name Date created Date modified
Create new...
Select from disk...
Remove from list
Save list... Load list...
Project directory:
| | oK Cancel

Click Create New, then select the parent directory in the file system where the project

subdirectory will be created. A dialog box will then prompt you to enter a project name.



RadEXxPro seismic software www.radexpro.com

Mew database >

Title | My VSP Project |

Create subfolder

Ensure that the Create subfolder option is selected, then click OK. A subdirectory with the same
name as the project will be created in the chosen directory, and the project will be added to the list of

available (registered) projects.

RadExPro 2021.4 Project Manager - O x
Registered
Project name Date created Date modified

My VSP Project 11.03.2022 12:19 11.03.2022 12:19 Create new...

Select from disk...

Remove from list

Save list... Load list...
Project directory:
[ Exwy VsP Project | oK Cancel
Select the project and click OK. The main window will open, displaying the project

tree. At this stage, the tree is empty.
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RadExPro 2021.4 »»» My VSP Project - O X

Database Options Tools Windows Help

3 Processing &) Database Navigator

Project tree X || Processing flow % All modules X
im} o= o

v I Areal Data I/O "
~ = Linet Real-Time
2 Flowd Static Corrections
Geometry/Headers
Interactive Tools
Signal Processing
Data Enhancement
Deconvolution
Velocity
Stacking/Ensembles
Migration
Trace Editing
VSP
Qc
3C Processing
Modeling
Data Manipulation
Auto Picking
Interpolation
Marine
Surface Wave Analysis

Actions ¥ || 53 Flow status 8 x

MB1 - Move modules; Ctrl+MB1 - Copy modules; MB1 x2 - Module parameters; MB2 - Toggle modules; Ctrl+MB2 x2 - Cut modules; Shift+MB1 - Paste modules

The main window contains the following panels:
e Project Tree — displays the structure of the current project.
e Processing Flow — shows the active processing flow.
e All Modules — lists all available processing modules.
e Actions — displays a history of user actions.
e Flow Status — shows the execution status of the processing flow.
The database has three structural levels:
1. Project Area (upper level)
2. Profile (middle level)
3. Processing Flow (lower level)
Each project can include multiple Areas. Each Area can include several Profiles, and each Profile
can contain several Flows.
By default, the Project Tree (located on the left side of the main window) contains one area with

one profile and one processing flow: Areal — Linel — Flow1l.
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Project tree =

» 2 =

4 To Areal
4[5 Linel
|5 Flowi|

Right-click the name of an Area, Profile, or Flow to rename it, or press F2 as a shortcut. In this
example, the area is renamed to My Borehole.

Project tree x
¥ & =
4 |[z] Arpail
a [0 Create line...
View map...
Set color...
Clear color
Rename
Copy Ctrl+C
Paste Ctrl+Y
Delete Del
Project tree x
b 2 [[___l;

v [ My Borehole
v = LineT
2 Flow

Next, rename Linel to match the name of the first shot point, SPO.
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Project tree x

¥ o [[__,l;l

v T My Borehole
v [=] SPO
F Flow1

Finally, rename Flow1l to 010_data_load

Project tree X

¥ & [[__,|;|

v [ My Borehole
v [=] SPO
€% 010_data_load

Because Professional organizes the names of database elements alphabetically, it is

recommended to number the flows to ensure they appear in a logically meaningful sequence.

Zero-offset VSP processing

The purpose of zero-offset VSP processing is to isolate the reflected P-wave field, create a
velocity model and build a corridor stack trace.
Click the 010_data_load flow in the project tree and observe the center and right panels of the

main window.

Processing flow ¥ | All modules x

] | HE ~ %o ~ I b » =

F Datal/O »
Trace Input
Trace OQutput
|SEG-Y Input |
SEG-Y Output
SEG-D Input
RAMAC/GPR
SEG-B Input
noruc
SEG-2 Input
G551 Input
5C53 Input

suner Gather

m
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On the right side of the screen, the All Modules panel displays a list of available processing
modules, grouped by function: Data I/0O (Data Input/Output), Geometry/Headers, Interactive Tools,
Signal Processing, and others.

The current flow is shown on the left in the Processing Flow window, which is initially empty.

Processing modules will be added to this flow and executed in sequence.

Data input into the project (010 — data load)

We will create a flow consisting of the SEG-Y Input, Trace Output, and Screen Display modules.
SEG-Y Input and Trace Output are located in the Data 1/0O group, Screen Display is located in the
Interactive Tools group.

This flow will read data from a SEG-Y file stored in the file system and save it to the project
database as a dataset.

Modules are added to the flow one at a time. To add a module to the flow, drag it from the library
on the right to the Processing Flow area on the left. When a module is added, a Module Setup dialog box
will open (you can also open this dialog later by double-clicking the module in the flow). Modules
already in the flow can be repositioned by dragging them up or down.

Find the SEG-Y Input module in the Data I/O group and add it to the flow. When you add the
module, a dialog box will open, prompting you to specify the data reading parameters. To select the file,
click on the File... button and select the data file. The parameters related to the file format

will be filled in automatically.

SEG-Y Input d
File( ozt Sample interval | 1
s 1 ‘ [ Take format from file
[ 11012 C 14 & pg | Number of races |876
___ | | [ 1BM Floating Point Trace length | 4000
[ Take byte order from file |Use trace
{* Big-endian byte order (SEG-Y standard) v weighting

factor
" Litde-endian byte order

Sorted by FFID:OFFSET

* Getall 1 Selection | ==

{* 30 Survey f 2D Survey ProfieID i

[ Remap header values
RECMNO,41,,181/ SOURCE, 41, 185/ ILIME_NO,41,, 189/ ¥LINE

File... | Mask... ‘ Delete | Load list... ‘Saue Iist...|

[~ Frombatchlist [ Usenumeric sort [ Save EBCDIC headers to folder: | J

0K ‘ Cancel |

10
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After adding the SEG-Y Input module, add the Trace Output module. This module saves the data
read by SEG-Y Input to the database. Name the database object and place it on the second
database level in the SPO profile.

Note. Names of all database objects (seismic datasets, processing flows, etc.) should clearly reflect their content rather than
being arbitrary combinations of letters. Seismic dataset names should consist of two parts: the source data identifier and the

current processing stage. In this example, was chosen to represent the field data input stage.

Select dataset... X

Object(s): |5p0_raw| |

» A [] Show objects from sublevels g Set filter text (you can use

v 15 My Borehole MName Location Trace count Sorted by Created
v = spo
%% 010_data_load

£ >
Cancel
Advice: To prevent accidental overwriting of the dataset, comment out the Trace Output

module after the first run.
To monitor the flow execution, add the Screen Display module to the flow after Trace Output

and configure its parameters as shown in the figure below.

11
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[%d Display parameters

Fromt=|0.0 to |0.0 [ tscale | 10
Mumber of traces Ij_mg| [ % scale I 10

[T Rokate
[ Ensemble boundaries

[T Enable backward Frame scralling

Ensembles to scrol I 1
[~ Variable spacing Field |

[T Space to maximum ensemble width

*

—WT/VA display mode
WA

O wWT

VA

" None

Marmalizing Fackor
are

%' Entire screen

€ Individual

Gain IF
Biias( ) |D—

—

Show every
I-th krace

—Variable density display mode
o« Grey
" RfB

" custom  Define. . |

" None

MNormalizing factor
" Mone

¥ Entire screen
" Individual

Gain I?
Bias(%a) I 0

[ Show palette

Ensembles’ I 2
Semes gap Datafvelocity
™ Muliple panels Ilj {* Display data
p j v I —— Palette range
i Display velocity et velocity. .,
v Use excursion Iz,a fraces Min.vel fm/s) [ 500.0
e, vel (mfs) | 1500.0
Axis. .. I Show headers... I (=}
Plot headers... I Header mark... I
Picks/polygons settings... |
Save Template I Load Template | Ok I Cancel
The resulting flow should look like the following:
RadExPro 20214 »>> My VSP Project - o x
Database Options  Tools Windows Help
& Processing £ Database Navigator
Project tree *  Processing flow > > My Borehole / 5P0 / 010_data_load X All modules x
» & b] fB~ =~ Bk » 2
v El My Borehole SEG-Y Input <- spO_raw.sgy Data I/O "
=R ) Trace Qutput -> sp0_raw Real-Time

@ 010_data_load Screen Display

Actions % 52 Flow status
Add module Screen Display from the list »

Add module Trace Output from the list

Add module SEG-Y Input from the list

Rename flow Flow1 -> 010_data_load at t

Load flow Flow1 < SPO < My Borehole ¥
< >

S N N .

Static Corrections
Geometry/Headers
Interactive Tools
Signal Processing
Data Enhancement
Deconvolution
Velocity
Stacking/Ensembles
Migration
Trace Editing
VSP
Qc
3C Processing
Modeling
Data Manipulation
Auto Picking
Interpolation
Marine

Surface Wave Analysis

2 X

MB1 - Move modules; Ctrl+MB1 - Copy modules; MB1 x2 - Module parameters; MB2 - Toggle modules; Ctrl+MB2 x2 - Cut modules; Shift+MB1 - Paste modules

To run the flow, select the Run (@) menu command. The Screen Display window will open and

show the input data as they are read from the file and saved to the database. The Screen Display window

12
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should look like this:

[%d 010_data_load < SPO < My Borehole < My VSP Project  [16:46:41] = [m] X

Zoom Common parameters.. View Tools Exit/Stop flow Exit Help

G08ceaCheeEi s W i

1000

20001

Trd442 Sam:0 Amp:0 t:0ms | 4"

Note. If the dataset is very large (approaching or exceeding the installed RAM, or simply above 1 GB), use Framed Mode
to read the data in smaller frames rather than loading it all at once. You can enable this mode and set the frame size via the
Framed Mode option in the flow editor.

Assigning geometry

Assigning geometry to VSP data involves specifying a number of geometry-related values for
each trace, which are then stored in the corresponding dataset header fields in the project database. The
required values and their associated header fields are:

e DEPTH - cable depth

e« SOU_ELEV - source absolute depth
e SOU_X —source X coordinate

e SOU_Y —source Y coordinate

e REC_ELEV - receiver absolute depth
e« REC_X-receiver X coordinate

e« REC_Y —receiver Y coordinate

e CHAN - channel number

13
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Import of source and receiver position coordinates from a text file

The Geometry Spreadsheet tool in Is used to manage seismic data header field values.
It allows importing headers values from text tables.

Select the Database/Geometry Spreadsheet menu item and choose the dataset.

RadExPro 2021.4 >>> My VSP Project - 0 X
Database Options Tools Help

&) Processing ) Database Navigator

St asbeend ot mdeedior
v I&l My Borehole Name Location Trace count Sorted by Created Modifi¢
v Bl spo - 876|FFID : OFFSET | 2022-03-19 1..

& 01 0_data_load

The figure below shows the Geometry Spreadsheet window.

14
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Edit Tools

2 ;ot assigned
3 not assigned
4 not assigned
5 not assigned
6  notassigned
not assigned
8  notassigned
] not assigned
10 not assigned
11 not assigned
12 not assigned
13  not assigned
14 not assigned
15 not assigned
16  not assigned

17  not assigned

TRACENO

151

152

151

150

149

150

149

146

145

146

145

sp0_raw - Geometry Spreadsheet

FFID

CHAN

OFFSET

not assigned
not assigned
not assigned
not assigned
not assigned
not assigned
not assigned
not assigned
not assigned
not assigned
not assigned
not assigned
not assigned
not assigned
not assigned
not assigned

not assigned

SOU_X

not assigned
not assigned
not assigned
not assigned
not assigned
not assigned
not assigned
not assigned
not assigned
not assigned
not assigned
not assigned
not assigned
not assigned
not assigned
not assigned

not assigned

REC X

not assigned
not assigned
not assigned
not assigned
not assigned
not assigned
not assigned
not assigned
not assigned
not assigned
not assigned
not assigned
not assigned
not assigned
not assigned
not assigned

not assigned

K [

Click the toolbar button E on the right to open the list of available headers. You can select

headers and drag them into the table using the left mouse button. For more details on working with the

Geometry Spreadsheet editor, see the

User Manual.

Add the VSP geometry headers to the editor window. To do this, select the following headers
from the list on the right (to select multiple headers, press and hold the Ctrl key): DEPTH (cable depth),
SOU_X (source X coordinate), SOU_Y (source Y coordinate), SOU_ELEV (source absolute depth),
REC_X(receiver X coordinate), REC Y (receiver Y coordinate), REC_ELEV (receiver absolute depth),

and CHAN (channel number).

After adding these headers, the editor window should appear as shown below:

15
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sp0_raw - Geometry Spreadsheet

Edit Tools
DEPTH S0U_X SOuY SOU_ELEV REC_X REC_Y CHAN L

1 10.000000 not assigned not assigned not assigned not assigned not assigned

2 20.000000 not assigned not assigned not assigned not assigned not assigned not assigned 1

3 30.000000 not assigned not assigned not assigned not assigned not assigned not assigned 1

4 40.000000 not assigned not assigned not assigned not assigned not assigned not assigned 1

5  350.000000 not assigned not assigned not assigned not assigned not assigned not assigned 1

6  60.000000 not assigned not assigned not assigned not assigned not assigned not assigned 1

7  70.000000 not assigned not assigned not assigned not assigned not assigned not assigned 1

8  80.000000 not assigned not assigned not assigned not assigned not assigned not assigned 1

9  90.000000 not assigned not assigned not assigned not assigned not assigned not assigned 1

10  100.000000 not assigned not assigned not assigned not assigned not assigned not assigned 1

11 110.000000 not assigned not assigned not assigned not assigned not assigned not assigned 1

12 120.000000 not assigned not assigned not assigned not assigned not assigned not assigned 1

13 130.000000 not assigned not assigned not assigned not assigned not assigned not assigned 1

14 140.000000 not assigned not assigned not assigned not assigned not assigned not assigned 1

15  150.000000 not assigned not assigned not assigned not assigned not assigned not assigned 1

16  160.000000 not assigned not assigned not assigned not assigned not assigned not assigned 1

17 170.000000 not assigned not assigned not assigned not assigned not assigned not assigned 1

v

To import header values from a text file, select Tools — Import. The import setup dialog box

will open. In this dialog, open the sp0O geom.ixt file and specify the rules for completing the header

fields.

16
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OtkpbiTne
o « 3arpyskm > InData > InData v (&)
Ynopsgounte ¥ Hogeas nanka
Wma [ata namerneHuna Tun
s Beictpbiii goctyn _
[ ] AK Kouduryp...
@ OneDrive - Personal [ RrRK Konduryp...
- J 78.09.2009 13:58 yaiin "CGY"
[ 3ror xomnbioTep _.f: seismic data 28.09.2009 13:58 ®aitn "SGY
[ sp0_geom 13.02.2008 13:04 ®aiin “TXT"
wa USB-naxonutens (F) " <p0_raw 13.02.2008 13:56 ®aiin "SGY'
—
sp1_geom 13.02.2008 1 Qaitn "TXT"
@¥ Cem ["—‘( P9 '
. %5 spl_raw ®aiin "SGY'
Wma daitna: [spo_geom W l

The contents of the file will be displayed in the import window:

Mowmck: InData

13 897 Kb
17 Kb

3 529Kb

All files

Otmena

B! Import Headers
Matching fields Assign fields Lines 1 1 rpolatior T | inite 1
Add... | Add... | From ‘ 0 -I I -
I | To | 0 & I v
Ll
el
Q # Text table type c
@ Delimited re 10
Multipher Muitipiier " Fixed width
(1, 1) Column: 1
DEPTH SoU_x sou_v SOU_ELEU REC_X REC_V REC_ELEU ~
16.00808 -108.88000 57 .440800 -21.38000 0.00000 0.000080 -29.110808
20.00008 -168 .88008 57.44000 -21.38000 0.00000 0.00000 -19.110008
30.000800 -1608 .88008 57 .440080 -21.38000 0.00800 0.00880 -9.11888
hi.000808 -108.88000 57 .4h0008 -21.380008 0.00008 0.000008 -B8.890080
S8.00000 -108 .88008 57 .44000 -21.38008 #.00000 a.000080 10.880080
66.00800 -108 .88000 L7 .4408080 -21.38000 0.0060080 0.00000 20.88000
76.0080808 -108.88000 57 .4h0808 =21.380808 0.00088 B.00088 36.880080
B0.0p000 -108 .88008 57 .44000 -21.38008 8.00800 a.00800 4B.870080
D6.00000 -108.88000 57 .44800 -21.38000 0.00000 0.00000 L8.87000
100.00000 -108 .88008 57.44008 -21.38000 0.00008 0.00000 60.86000
110. 00000 -108 .88008 57 .440800 -21.38000 6.00800 0.00000 70.86000
120.000008 -108.88000 57 .4h00808 -21.38000 0.00008 0.00008 #06.85000
130.00000 -108 .88008 5744000 -21.38000 0.00000 0.00000 90.85000
140. 00000 -108 .88000 L7 .448080 -21.38000 0.00000 0.00000 100.84000
158. 000808 -108.88000 57 .44 0808 -21.38080 0.00088 B.00688 118.84008
160. 00000 -108 .88008 57 .44000 -21.38000 8.00000 0.00000 120.83000
170.000008 -108.88000 57 .440800 -21.38000 0.00000 0.00000 130.83000
180. 000008 =108 .88008 57 .44 000 =21.380008 B.0000880 B.000088 140.83000
190. 00000 -108 .88008 57 .44000 -21.38000 0.00000 0.00000 150.83000
200.00000 -108.88000 57 .4h0008 -21.38000 0.00008 0.000080 160.82081
218.00000 -108 .88008 57.44000 -21.38000 0.00000 0.00000 170.82001
220.00000 -108 .88000 L7 .44080 -21.38000 0.00000 0.00000 180.82001
230.00000 -108.880008 57 .44 000 -21.38080 0.00088 0.00088 198.82001
240. 00000 -108 .88008 57 .44000 -21.38008 8.00000 8.00000 200.820Mm o
| concel | Load template... | Save template... | [ Fe. |

There are two lists in the upper part of the window (both are still empty): Matching fields sets

17
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the headers by which the program will match the data in the table with seismic traces, and Assign fields
are the headers of which values will be assigned for the matched traces. We need to set both lists, and
then assign each of the headers to their respective columns in the file.

To set this up, first add the DEPTH field to the Matching Fields list (click Add and select it from
the list). Next, add the fields SOU_X, SOU_Y, SOU_ELEV, REC_X, REC_Y, and REC_ELEV to the
Assign Fields list.

After that, specify which columns in the text file correspond to each of the fields listed above the
Set column buttons. Tip: if you select the header field by left-clicking on it, then place the cursor in the
correct column, left-click, and then click Set column, the column number will be filled in automatically.

Finally, define the line range from which the program should read values using the Lines: From—
To parameters. An example of properly completed parameters is shown in the figure below.

B | Import Headers X
Matching fields Lines ™ Load with 1D interpolation I
Add... From |2 EPTH P =l
Delete To 293 f
_ocete_| | . =]
~
el Text table type ¥
1 @ Delimited
Multiplier | 1 " Fixed width
(293, 43) Column: 3
DEPTH SOU_X SOU_v SOU_ELEV REC_X REC_Y REC_ELEU ~
10. 00800 -168.88000 L7.44000 -21.38000 0.00p00 8. 00000 -29.11008
20.00800 -1608 .88000 57.44000 -21.38000 0.po000 8. 00000 -19.11008
d0.0n00n -188 88000 57 .44080 -21.38008 B.00808 0.08008n -9.110688
40.00008 -168 .886808 57 .44080 -21.38008 B.080808 0.A000A -f.89060
50.00800 -1688 88000 57 .hh0B0 -21.38008 b.00808 8. 00000 10.88000
G0.00800 -188.88000 57 .h4000 -21.38008 b.008080 8. 00000 20.88000
70.00000 -168.88000 L7 .44000 -21.38000 0.00000 8. 00000 30.88000
80. 00000 -1608 .88000 57.44000 -21.38000 0.poe00 8. 00000 Lp.87000
90.08008 -188 88000 57 .440080 -21.38008 B.00008 0.000600 50.87000
180.006808 -168 880808 57 .44080 -21.38008 B.080808 0.A000A 60.86000
110.00008 -1088 88000 57 .hh060 -21.38008 b.00800 8. 00000 70.86000
120.00008 -188 .88000 57 .hh0060 -21.38008 b.00808 8. 00000 80.85000
130. 00000 -188.88000 L7.44000 -21.38008 0.00p00 8. 00000 90.85000
140. 00000 -1688 .88000 57.44000 -21.38000 0.p0p00 0. 00000 100.84000
150. 00808 -108 88000 57 .4840080 -21.380008 B.00008 0. 0o00n 110.84000
160.00808 -188 .88000 57 .44080 -21.38008 B.00808 0.080000 120.83000
170.006808 -168.880600 57 .h4080 -21.380080 B.00808 0.80000 136.83 008
180.00008 -188 .88000 57 .hh0B0 -21.38008 b.00B0e B.00000 140.83000
190. 00000 -1688.88000 57.44000 -21.38008 0.00000 0. 00000 150.83000
200.00000 -1608.88000 57.44000 -21.38000 0.00000 8. 00000 160.82001
210.00000 -108 .88000 57 .44000 -21.38000 0.p0000 8. 00000 170.8200m
220.00008 -108 .88000 57 .44080 -21.380008 B.00008 0.080000 180.820Mm
230.00008 -168 .88000 57 .h40680 -21.380080 B.00808 0.80000 198.820M1
2h4B.00008 -188 .88000 57 .hh0B0 -21.38008 0.0oB0a B.00000 200.820Mm v
oK Cancel Load template... |  Save tempiate... | Fle... |

When importing header field values from a text file, the program performs the following steps:
all fields used to identify traces (Matching Fields) and all fields to be updated (Assign Fields) are read
from the specified columns of each text file line. The program then identifies all traces in the selected
seismic dataset whose Matching Fields exactly correspond to the values in the line and assigns the other
values from the line to the specified Assign Fields for these traces.

Before importing the geometry, click Save Template... in the lower-right corner of the dialog

box. In the new dialog, select My Borehole in the Location field and enter as the
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Object Name. This will save all selected header values to the database as a template.

Save template...

Object(s): l geometry_template

v [5| My Borehole
v [= spo

€3 010_data_load

[[] show objects from sublevels U

Name

o] o

Location

After saving the template, click OK in the Import Headers dialog box. Then, in the sp0_raw —

Geometry Spreadsheet window, double-click the DEPTH field to sort the depths in ascending order. You

will notice that each depth value is repeated three times, once for each channel.

sp0_raw - Geometry Spreadsheet *
Edit Toocls
DEPTH SoU_X
1 10.000000 -108.880000
2 10.000000 -108.880000
3 10.000000 -108.880000
4 20.000000 -108.880000
5 20.000000 -108.280000
6  20.000000 -108.880000
7 30.000000 -108.280000
8 30.000000 -108.880000
g 30.000000 -108.280000
10 40.000000 -108.880000
11 40.000000 -108.280000
12 40.000000 -108.880000
13 50.000000 -108.280000
14  50.000000 -108.880000
15  50.000000 -108.280000
16 60.000000 -108.880000
17 60.000000 -108.280000

SOUY
57.440000

57440000
57.440000
57.440000
37.440000
57.440000
37.440000
57.440000
37.440000
57440000
57.440000
57.440000
57.440000
57440000
57.440000
57440000

57.440000

SOU_ELEV

-21.379999
-21.379999
-21.379999
-21.379999
-21.379999
-21.379999
-21.379999
-21.379999
-21.379999
-21.379999
-21.379999
-21.379999
-21.379999
-21.379999
-21.379999
-21.379999

-21.379999

REC X
0.000000

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000

RECY
0.000000

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

0.000000

REC_ELEV
1-29.110001 !

-29.110001
-29.110001
-19.110001
-19.110001
-19.110001
-9.110000
-9.110000
-9.110000
-0.890000
-0.890000
-0.890000
10.880000
10.830000
10.880000
20.8799%9

20879999

CHAN

-

You can save the changes to the database by selecting Edit — Save Changes, or by clicking Yes

when prompted to save changes upon exiting the Geometry Spreadsheet.
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Save headers

Mo

X

o Do you want to save modified dataset header data?

Data visualization (020 — view data)

Create a new flow in the project tree and name it 020 — view data.

This flow consists of two procedures:

RadExPro 20214 >>> My VSP Project

Database Options Tools Windows Help

& Processing B Database Navigator
Processing flow >> My Borehole / SP0 / 020_view_data X  All modules

] BB~ %o~ s I

Trace Input <- spO_raw
Screen Display

Project tree 3
» & (IO

v 15 My Borehole
v [Z] SPO
{2 010_data_load
% 020_view_data

5= Flow status

Actions x
Add module Screen Display from the list ~
Add module Trace Input from the list

[ TR . P TR, T T, QO S NS T .

< >

Trace Input
In the module setup dialog, select the dataset

Data /O *
Static Corrections
Geometry/Headers
Interactive Tools
Signal Processing
Data Enhancement
Deconvolution
Velocity
Stacking/Ensembles
Migration
Trace Editing

VSP v

8 x

MB1 - Move modules; Ctri+MB1 - Copy modules; MB1 x2 - Module parameters; MB2 - Toggle modules; Ctrl+MB2 x2 - Cut modules; Shift+MB1 - Paste modules

. In the Sort Fields field, specify CHAN

and DEPTH so that data are sorted first by channel number and then by depth within each channel. In

the Selection field, enter *:* to read the entire data range for both headers.
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Trace Input X
Data Sets Sort Fields
PO ' CHAN Number of Ensemble Fields
""" Note: Ensembles will be defined
iL il' by this number of sort fields.
Add dataset... Delete |
Datasets masks Add... Delete

* Selection

Add mask... | ‘
" Select from file | |

I~ Load headersonly |~ From batch list

\ " Database object I
[~ Memory resort Buffer size (MB) ’7 I
& Il
’TI ot | Get al

Note
Input VSP data may include components (X, Y, Z), control instrument readings, and auxiliary channels. This
information is stored in headers such as CHAN and COMP. Typically, the X, Y, Z components can be selected by sorting
the dataset.

However, in some cases, sorting alone is insufficient. The Trace Header Math module can then be used to calculate
header values using equations (see the User Manual for a detailed description).

For example, if channels 1-3 contain control instrument readings and the remaining channels contain X, Y, Z
components, the following expression can be used to populate the COMP header with the X, Y, Z component indices (if not
already assigned):

comp = cond(chan > 3, fmod(chan-(3+1),3)+1, -1)

Here, cond(c, x, y) returns X if the condition c is true, otherwise y, and fmod(x, y) returns the remainder of x
divided by y. After applying this transformation, COMP = 1 corresponds to the X component, COMP = 2 corresponds to
the Y component, COMP = 3 corresponds to the Z component. Subsequent flows and modules working with the X, Y, Z
components will use the COMP header for sorting.

In this simplified example, the first three channels correspond directly to X, Y, and Z components. From this point,
the COMP header will be used for sorting the data.

Screen Display

The visualization parameters are shown below:

21




RadEXxPro seismic software

WWW.radexpro.com

Display parameters

Frnmt: 0.0 to |o.u ™ tScale |1u
Number of traces |gog I~ XScale |10

V¥ Ensemble boundaries

[~ Enable backward frame scrolling
Ensembles to scroll 1

[~ Variable spacing Field I
I™ Space to maximum ensemble width

[~ Muliple panels |0_

¥ Use excursion 2.0 traces

AXis... ] mnwheaders...l

Plot headers... I Header mark... |

Picks fpolygons settings... I

WT/VA display mode
 WT/NVA

CWT

VA

" None

Variable density display mode
* Grey

C RB

" Custom Define. ., I

" None
Data/velodty

X
'.II'II.. I_'l.-.ll_: :-'I kot
" None 2=l |°-3
{* Entire screen as(o%)
%) o
r ]—'l-ilII |-| 15
Show every I_
M-th trace !
Normalizing factor — .
- Gain In.3
{¥ Entire screen Bias(%) IO
" Individual
[~ Show palette

% Display data
" Display velodty

Nax,vel (mfs

Palette range

Min.vel (mfs) |500-D
| IlSUO.U

saveTempiate | LoadTemplate || ok |

Cancel I
Click the Axis button to configure the axis parameters.
Axis Parameters
Time Traces 1
. alues
dt  values Lines DEPTH C Different ¥V
pimaryines | [m0 W Lo ] € interval [4000 W
+ Multiple
Secondarylines || 100.0 [ [ (+ Different
CHAN__ | 1nterval [To00 @
" Multiple
Font size |15 ~Margins
(o] o | | om 2 F m

To run the flow, select the Run menu command. The result should appear as shown below:
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(@ 020_view_data < SPO < My Borehole < My VSP Project  [11:30:01] = m] X
Zoom Common parameters... View Tools Exit/Stop flow Help

~
74
000 306 fE8506 60 00 66 06 We

IDEPTH 400 800 1200 1600 2000 2400 2800 400 800 1200 1600 2000 2400 2800 400 800 1200 1600 2000 2400 2800
ICHAN % 2 3

22001

32001

Tr659 Sam:0 Amp:0 t0ms 4N

The data are now displayed sorted by channels (components).

Picking P-wave first arrivals (030 — fbpick)

Create a new 030-fbpick flow containing the following modules:
e Trace Input
e Resample
e Trace Length

e Screen Display
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RadExPro 20214 >>> My VSP Project

Database Options Tools Windows Help
{3 Processing ) Database Navigator
Project tree x
» a (B

v 15 My Borehole
v [=1 sPO
{2 010_data_load
% 020_view_data

& 030_fbpick
Actions x
Add module Screen Display from the list ~
Add module Trace Length from the list
Aded ommdiiln Dol ammemlo frmmn bban s v
< >

Processing flow »> My Borehole / SP0 / 030_fbpick
fE - %o~ 22
Trace Input <- spO_raw

ReSample

Trace Length
Screen Display

5= Flow status

X All modules x

Data /O *
Static Corrections
Geometry/Headers
Interactive Tools
Signal Processing
Data Enhancement
Deconvolution
Velocity
Stacking/Ensembles
Migration
Trace Editing

VSP v

8 x

MB1 - Move modules; Ctri+MB1 - Copy modules; MB1 x2 - Module parameters; MB2 - Toggle modules; Ctrl+MB2 x2 - Cut modules; Shift+MB1 - Paste modules

In the Trace Input module, configure the parameters as shown below. Sort by CHAN:DEPTH,

as in the previous flow. Only the Z component is processed in this flow, which is achieved by limiting

the selection to the third channel: enter 3:* in the Selection field.

~Number of Ensemble Fields

ac

Note: Ensembles will be defined
by this number of sort fields.

Trace Input
Data Sets Sort Fields
‘j’ AN E
’
Add dataset... Delete |

Datasets masks Add... | Delete |
* Selection
3:*

addmask... | see | C seectfomfie  rie. ||

[~ Memory resort

[~ Load headersonly [ From batch list

Buffer size (MB) I 0

(" Database object .- ||

" Getal

o]

Cancel |

To improve the accuracy of first arrival times, resample the data to a smaller sample interval

using the Resample module. In the module parameters dialog, set the New sample rate to 0.1.
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ReSample S
New sample rate 0.1
Number of threads @ 0

OK Cancel

Since only the first arrival times are of interest at this stage, limit the recording length to 2000 ms

to speed up flow execution. Enter this value in the New trace length field of the Trace Length module.

Trace Length *

New trace length  2000.0

OK Cancel

The final module in the flow is Screen Display, which allows interactive viewing of the first

arrivals in the module window. Configure the module parameters as shown in the figure below.

@ Display parameters K
~WT/VA display mode - :
Fromt=[0.0 to [0.0 [ tscale [10  WTNA e sain [0.3
Wt N e
Number of traces |3()g [~ XScale | 10 VA ? : Screen B ’_[.
Individua
r * None
V¥ Ensemble boundaries M-th . l. =
I_ Enable backward frame Sﬂd.rﬂ ~Variable density display mode N izina factor .
Ensembles to scrol | 1 * Grey ™ Nome Sl 0.3
. ) (o )
[ variable spacing Field R/ (# Entire screen gias(%) |0
r ble wid € custom Defne || € ndvidual S
= n ensembile width " None [~ Show palette
Erwembles’ gap | 2 Data/velocity
[~ Muliple panels |g * Display data _
¥ Use excursion 2.0 traces " Display velodty —II Min.vel (mis) Is.;..;.,.;.
Aasx, vel | 1500.0
Axis. .. I Show headers. .. I |
Plot headers... | Header mark... |
Picks/polygons settings... |
Save Template | Load Template || Ok I Cancel

Click Run. The results of the flow execution are presented below:
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[ 020_fopick < SPO < My Borehole < My VSP Project  [11:39:35]
Zoom Common parameters... View Tools Exit/Stop flow

/V

©

DEPTH 200 400 600 800 1000 1200 1400 1600 1800

800+
10001
12001
14001
16001

1800+

Tr16  Sam:2320 Amp:118  :232.0ms

2000

2400 2600 2800

For first arrival picking, adjust the image zoom using the Zoom menu item. Create a new pick by

selecting Tools — Pick — New Pick (or press the hotkey N). Use Tools — Pick — Picking Parameters

to set the picking parameters.

Help

ii\.i\ii\.@\@@ :

Hig

[ 030_fbpick < SPO < My Borehole < My VSP Project  [11:58:44]
Zoom Common parameters...  View  Tools  Exit/Stop flow  Exit
e Approximate >
RO @ac
Spectrum >
Pick * |+~ Edit picks
QC paolygons > New pick
DEPTH Wells... Delete pick
o7 Static corrections > Load pick...
Apply procedure > Load pick w/interpolation...
200+ Amplitude editing > Collect picks
Trace Header Math... Save pick
Syncronize > Save pick as...
Blaigate i Load from header...
Reflect header changes in... Save to header({dataset)...
Reflect ident. fields... Save to header(flow)...
Text hint... Export pick...
8007 Impart pick
Save image parameters... mpart preke.
Save image (Ctrl + I} Pick headers...
1000
Picking parameters...
1200+ Project
Srooth
1400+ Undo
Redo
1600+
1800+
Tr68  Sam:0  Amp:0 t0.0ms
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We will pick the trough of the wavelet in auto-tracing mode between the points. To do this, set
the following picking parameters (detailed information on picking parameters and working with picks is
available in the Rad=xPro User Manual):

Picking parameters b
Mode Hunk options

" Manual " Hunt Correlation Test Local maximum 0.3

Halt threshold | 0-5 Correlation window (ms) | 50

" Linear Fill  Eraser [ Ensemble boundaries Hunt direction

" Draw along phase g == o
Parameters Smoothing

" Peak " Zero: Neg2Pas Window length 3 points

* Trough (" Zero: Pos2Neg ey

Guide window length | 30 [ Marks anly Line style Label picks
OK

Perform picking of first arrivals as shown below (a zoomed-in window is shown as well):

[2d 030_fbpick < SPO < My Borehole < My VSP Project  [11:58:44] - o X

Zoom Common parameters.. View Tools Exit/Stop flow  Exit Help

CEEEEEeER ”

DE PT:_ 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800

200

10007

12007

16007

Tr29  Sam:0  Amp:-7.37  £0.0ms | A

The auto-fill algorithm as configured above picks the first minimum of the wavelet. For the
following flows, the pick needs to be exactly on the first arrival. To shift the pick from the minimum to
the first break, hold Shift, right-click on the pick and drag a few milliseconds so that the pick is on the
first arrival:
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— T

Use Tools — Pick — Save As to save the pick under the name on the second database
level (SPO). In , picks are normally tied to traces using two headers, which usually ensures a
unique trace identification (for example, channel number and cable depth in VSP, or CMP number and
offset in CMP seismic reflection surveys).

In this case, however, we want the pick to be tied only to the cable depth so it can be applied to

all components. For this, select DEPTH for both the left and right fields in the Pick Headers tab.

B Save pick to... X

Object(s): |fopick] |

Set filter text {you can use * and ? wildcards) H

» 2 ‘ [[] show ohjects from sublevels D

v I My Borehole Name Location Length Headers Style
v [= spo
{C¢ 010_data_load
5F 020_view_data
% 030 fbpick

Save all
[~ Append Pick headers: | DEPTH ~| i |DEPTH ~

Cancel

Save selection

Orienting towards the source point and picking S-wave first arrivals (040 — 3C

orientation+S pick)

A convenient method for more accurately determining first arrivals of P- and S-waves is to
convert PM-VSP (polarization method) seismograms to the PRT system. In this system, the energy in
the first-arrival window is maximized for the P-component, which orients this component towards the
source and concentrates the P-wave energy on it. The R-component, perpendicular to P, contains the
maximum of the S-wave energy, making it suitable for picking the downgoing and reflected S-waves.
The T-component primarily contains noise and a small amount of residual wave energy.

To convert a VSP seismogram to the PRT system and determine the S-wave first arrival times,
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create a 3C Orientation+S pick flow.

RadExPro 20214 >»> My VSP Project - u] X

Datsbsse Options Tools Windows Help

 Processing &1 Database Navigator
Project tree X Processing flow >> My Berehele / SPO / 040_3C_Orientation+5_pick X | All medules x
» a O FR~ Ty~ = » =2

v & My Borehole Trace Input <- sp0_raw Data I/O "

~ =1 spo SSAA Real-Time

3C Orientation Static Corrections

Trace Qutput -> sp0_PRT Geometry/Headers

Data Filter Interactive Tools

£ 030_fbpick Screen Display Signal Processing

& 040_3C_Orientation+S_pick Data Enhancement

Deconvolution

Velocity

Stacking/Ensembles

Migration

Trace Editing

VsP

Qc

3C Processing

Modeling

Data Manipulation

Auto Picking

Interpolation

Marine

% 010_data_load
% 020_view_data

Surface Wave Analysis

Actions X | 53 Flow status 8 x
Add module Screen Display from the list ~

Add module Data Filter from the list

Add module Trace Qutput from the list

Add module 3C Orientation from the list

Add module SSAA from the list c
< >

MB1 - Move modules; Ctrl+MB1 - Copy modules; MB1 x2 - Module parameters; MB2 - Toggle modules; Ctri+MB2 x2 - Cut modules; Shift+MB1 - Paste modules

The flow consists of the following procedures:
e Trace Input
o SSAA
e 3C Orientation
e Trace Output
e Data Filter
e Screen Display

The main module of this flow, 3C Orientation, converts PM-VSP seismograms to the PRT system
by maximizing the energy in the window containing the downgoing P-wave on the P-component.

To perform the conversion, the module sequentially retrieves traces at the same depth from the
X, Y, and Z components. The energy calculation window is specified in the module setup dialog and
begins at the first arrival time of the P-wave for each trace, which should be recorded in the FBPICK
header field.

Before using the 3C Orientation module, include the Trace Input module (to provide properly
sorted data) and the SSAA module (to transfer the first arrival pick to the FBPICK header) in the flow.
After conversion, the seismic traces are saved to a new dataset, and the result is displayed on the screen.

In the Trace Input module setup, select the dataset and sort by DEPTH:CHAN, as shown

in the figure below.
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Trace Input *
Data Sets Sort Fields
DEPTH Number of Ensemble Fields
1 -
Note: Ensembles will be defined
by this number of sart fields.
Add dataset... Delete |
Datasets masks Add... Delete |
{+ Selection
t: =
Add mask... | |
" Select from file |
I Load headersonly [ From batch list
~ .
[~ Memory resort Buffer size (MB) |0 Flalhaseibiect |
" Getal
OK | Cancel | =ta

The SSAA module calculates seismic attributes within a user-specified window along a given
horizon and writes the results to seismic trace headers. In this example, the module is used to record first
arrival picks from into the FBPICK header field for each trace.

Select the Peak Amplitude Time attribute to be calculated and saved to FBPICK and set the
window length to 0.0 to ensure the exact first break times to be saved to FBPICK. Select the
horizon in the Horizon parameter.

The module setup dialog should appear as shown below:

SEAL
Attribute Carnpute? Save o nealer
1 Peak frequency Mo (0] -
2 Cenlroid Mmeguency Ma (2] -
3 Apparent frequancy ko [0) -
A Wisible freguency Mo () -
4 Hardwidch Mo (0]
0 Peak amplibde Mo (0] -
4 Peak amplinede time fes (1}~ FBPICK
Atributes & Trough amplitude NafD] -
8 Traugh amplitde time Ma (2] -
10 Max. zbsolute amplitude Mo (o) -
11 M, absulule ampliude Lme Mo (2] -
12 RMS amplitude fo (0] -
13 Pick ampitude Mo (0]
14 5/M ratk Mo (i)
15 Resolution Mo (0] -
Horizon o Py Borehole! SPOVopick H | =
Window length [ms] 0,0
window pasitian Symmulric
QK Caaneed

In the 3C Orientation module setup, set the Window length to 10 ms. This defines the window
(from the first arrival downward) inside which the energy is measured. The window length should match
the P-wave first arrival wavelet length. A window that is too small may cause unstable results, while a
window that is too large may include additional waves, such as reflections from adjacent boundaries or

waves refracted at boundaries with mode conversion.
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Leave all other parameters (XY Rotation, YZ Rotation, ZX Rotation) unchanged. These
parameters, specified in degrees, allow additional rotation of the coordinate system in the respective

directions.
The module setup dialog box should appear as shown below:

Window length: |'I 1]

R Rokation: |0.000000

Y2 Rotatior: |0.000000

#Z Rotation: |0.000000
Ok | Cancel

After running the procedure, traces with CHAN = 3 will contain the P-component, CHAN = 2

will contain the R-component, and CHAN = 1 will contain the T-component.
Next, add the Trace Output module to the flow to save the orientation results to the database on

the SPO level under the name , @s shown in the figure below:
Select dataset... X
Object(s): |sp0_PRT] |
) - [] show objects from sublevels ﬂ Set filter text {you can use * and ? wildcards) ‘
v T&[ My Borehole Mame Location Trace count Sorted by Created
v [=] spo SPO < My ... 2022-03-11 1...

2% 010_data_load

¥ 020_view_data

% 030 fbpick

33 040_3C_Orientation+5_pick

Cancel

The remaining parameters ensure reliable display of results on the screen. The Data Filter module
allows selecting traces based on header field values. In this example, we display each component

separately. The figure below shows the module parameters configured to select only the R-component

from the data:
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Made Keep selection
Header
1 CHAN
Selections

Take values from file  No (0
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8 x

Selection

DO D8
5]

<
5]

oK Cancel

The flow should end with the Screen Display module to visualize the data. Configure the module

parameters as shown in the dialog box below:

[%d Display parameters

X

—WT VA display mode —
Fromt= 0.0 to |u.u [T t5cale | 10  WTNA Nﬂrhnglljlzgng Fackor . |—°-3
& wr & Enti
Mumber of traces ISUU [~ %Scale I 10 Entire screen Bias(%) I—D
VA € Individual
[T Raotate " None .
Shaw ever I
™ Ensemble boundaries M-th tracev !
[ Enable backward Frame scrolling —Variable density display mode
Mormalizing factor .
Ensembles to saroll I 1 ¥ Grey Noneng Gain |0.3
[ variable spacing Field I i ¥ Entire screen Bias(%) Ig
. . " Custom  Define. .. | ¢ Individual
[T space to maximumn ensemble width ¢ None I Show palette
Ensembles’ gap I 2 Data/velocity
[ mMuliple panels I % Display data
ple pa 0 ~ splay I E—— Palette range ——————
) i i et velocity. .. |
¥ Use excursion IZ-U traces D - Fim.wel {mys) I 500.0
Ma.vel imis) | 1300.0
Axis,.. I Show headers... | {m/=)
Plot headers. .. I Header mark. .. |
Picks /polygons settings. .. I

Save Template I Load Template | Ok I Cancel
Axic Parameters
Time —Traces i e
dt  values Lines " Different
" Interval v
Primary lines Imolg ¥ I IZUU.U
¢ Multiple
Secondary lines IlUU-U | " Different
field | & interval Imu,n v
" Multiple
i 15
Font size I ~Margins
Left axis Top axis
Ok I Cancel I e 20 mm morgin IE 0

By changing the CHAN value in the Data Filter module, you can display the corresponding P,

R, and T component images, as shown in the figures below:
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CHAN=3 (P-component)

[16:24:58]
Help

oo eneeEe® |

1600 1800 2000 2200 2400 2600 2800
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Help

~

(4 040_3C_Orientation+S_pick < SPO < My Borehole < My VSP Project [16:25:21]
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Next, use the PRT-oriented data to pick downgoing and reflected S-wave arrivals
To trace S-wave first arrivals, configure the Data Filter module to select only the R-component

and display it in the Screen Display window.
Pick the downgoing S-wave arrivals using the Tools — Pick menu commands, following the

same procedure as for downgoing P-wave picking described earlier. The result is shown in the figure

below:
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ICHAN 2
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A

Make sure that the S-wave pick is tied to cable depth (same as downgoing P-wave pick

described above). Then save the pick under the S wave down goingl name:

7 save pick to... >
Object(s): |S wave down goingl| |
» 2 ‘ [] show objects from sublevels E‘Set filter text (you can use * and ? wildcards) H
v 5 My Borehale Mame Location Length Headers Style
v El spo . fopick  SPO < My Borehole 292 DEPTH : DEPTH
i 010_data_load
2% 020 view_data
i3 030 fbpick
2% 040_3C_Orientation+5 _pick
£ >
Save all
Append Pick headers: |DEPTH vl |DEPTH i
Save selection
[ ok ] cance |

Using direct wave to determine the wavelet for deterministic deconvolution (050 —

signature fordeconvolution)

Create a new 050 — signature for deconvolution flow containing the following modules:

e Trace Input
e Amplitude correction

o Apply Statics
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e Amplitude Correction
e Screen Display
e Ensemble Stack
e Screen Display

e Trace Output

Www.radexpro.com

RadExPro 20214 >> > My VSP Project

Database Options Tools Windows Help

% Processing B Database Navigator

Project tree % | Processing flow >> My Borehole / SP0 / 050_signature for_deconvolution % | All modules

(] EB~ o~ o Wk » =
Trace Input <- sp0_raw

Amplitude Correction

Apply Statics <- fbpick

Amplitude Correction

» &
v T My Borehole
v [£ spPo
% 010_data_load
£ 020_view _data
& 030_fbpick
¥ 040_3C_Orientation+S_pick Screen Display

i 050_signature_for_deconvolution Trace Output -> sp0_decon_impulse

Screen Display
Ensemble Stack

52 Flow status

MB1 - Move modules; Cérl+MB1 - Copy modules; MB1 x2 - Module parameters; MB2 - Toggle modules; Ctrl+MB2 x2 - Cut modules; Shift+MB1 - Paste modules

Data lyO *
Real-Time
Static Corrections
Geometry/Headers
Interactive Tools
Signal Processing
Data Enhancement
Deconvolution
Velocity
Stacking/Ensembles
Migration
Trace Editing
VsP
Qc
3C Processing
Modeling
Data Manipulation
Auto Picking
Interpolation
Marine

Surface Wave Analysis ,

g X

In this flow, a wavelet will be generated for use in the deterministic deconvolution procedure. To

obtain the wavelet, the following preliminary steps are performed: apply a correction for spherical

divergence, align the first arrivals using static corrections, and, if necessary, equalize amplitudes in

regions where gain changes abruptly. After these corrections, all traces in the flow are summed in-phase

to produce the wavelet estimate.
First, create a flow with the following modules:
e Trace Input
e Amplitude correction
o Apply Statics
o Amplitude Correction

e Screen Display

Select the CHAN:DEPTH sorting in the Trace Input module parameters. In the Selection field,

specify the 3:400-50000 selection range. The number 3 ensures that only the Z-component (traces with

CHAN=3) will be processed. The depth range of 400-50000 excludes the uppermost noisy traces (cable
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depths up to 400 m) and extends beyond the maximum cable depth to include all relevant data.

Trace Input

Data Sets

Add dataset...

Delete ‘

Datasets masks

Add mask... |

[~ Load headers only

[~ Memaory resort

o]

[~ From batch list

Buffer size (MB) |0

Cancel |

*
Sort Fields
CHAM ‘ Mumber of Ensemble Fields
| =
. Mote: Ensembles will be defined
‘ by this number of sort fields.
Add... Delete |
i+ Selection
3:400-50000

" Select from file |

" Database object |

" Getal

The Amplitude Correction module is used to correct for spherical divergence. Enable the

corresponding option in the module dialog box as shown below:

Ampitucs Camaction

B Time: raiss to powar

T Feponential corection [Rfms]
~  Normalization

MNormalization type

Constant time Q

Maximum application tima Q

~ ] Automatic gain conkrol

Operator length [ms|

Type of AGC scalar

Basis for scalar application

Save AGC coeffidents o datasel

~ ] Trace equalizatian

Basis for scaling

Time gate start timea [ms]

Time gate end dme [ms]

~ ] Time variant scaling

Spedify gain furdion along Lrace (ms]) @

1.0

0.0

Constanl Lime

0.0

0.0

0.0

MEAR

CENTERED

MFAN

0.0

S

oK Cancc

Next, use the Apply Statics module to introduce static shifts so that the direct wave occurs at the
same time across all traces (100 ms in this example). The shift applied to each trace equals the difference
between the P-wave arrival time recorded in and the specified constant time (100 ms). Configure

the module parameters as shown in the figure below:
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Apphy Statics Ed
Herizon Q My Borehole)\SPOYfbpick H | . 1 ... T=
B Relative to time 100.0
Subtract statics Mo (0}

Apply fractional statics Yes (1) >

Maximum number of threads @ 0

QK Cancel

After applying the static shifts, equalize the trace amplitudes to compensate for intervals with
substantially lower gain. Add another instance of the Amplitude Correction module to the flow and

enable the Trace Equalization option within the 80-400 ms time window.

Amplitude Corection x
O] Time raise to power
] Exponential correction [dB/ms] a.0

~  Normalization

Mormalization type Constant time
Constant time e 0.0
Mexdirmurm application Lime e a0
v [ Automatic gain contral
Operator length [ms] .0
Type of AGC scalar MEAN
Basis for scalar application CENTERED

Save AGC coefficients to dataset

~ B Trace equalization
Basis for scaling MEAN v
Time gate start time [ms] 80.0
Time gate end time [ms] 400.0

v [ Time variant scaling

Specify gain function along trace {tfms]) e

: Ok Cancel

View the results of the procedures using the Screen Display module, configured with the

parameters shown below:
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[%d Display parameters hd

—WT/VA display mode
Gain I 0.3

Fromt=|0.0 to IlClUU.I [ tscale Im  WTiVA

Matrializing Factor
Maone

= WT & Edi
Mumber of traces I 300 | XScale I 10 Entire screen Bias(s) I_D
C va  Individual
[ Rotate ¢ MNone :
Show every I
Iv Ensemble boundaries :

I-th krace

Gain l?
Bias(%) I 0

[~ Enable backward frame scroling —Variable density display mode
Ensembles to scroll I 1 & Grey

[~ Variable spacing Field | C rjB
¢ custom  Define.., |

MNormalizing factor
Mone

{* Entire screen

" Individual

[ Space to maximum ensemble width

~ Mone [ Show palette
Ensembles' gap I 2 Datajveloity
[~ Muliple panels I 0 * Display data

 Disp . e—— Palette range ————
[v Use excursion IT traces Dyai Ak —I'3 i,

Mim, el (mfs) | 500.0

Mae, vel (myfs) | 1900.0

Axis... I Show headers... |

Plot headers. .. I Header mark... |

Picks/polygons settings... I

Save Template I Load Template | Ok I Cancel

Run the flow. The result should look like the following:

@ 050_signature _for_deconvolution < SP0 < My Borehole < My VSP Project  [17:25:08] - o x

Zoom Common parameters... View Tools Exit/Stop flow Exit . Help
oV eV} ISR S =R

IDEPTH 600 900 1200 1500 1800 2100 2400 2700
ICHAN
0

- " gl gt ”» >y
s 2 g . o i ,:‘ﬁum','l

Ll I I
) s _aar _an 4‘ ’
s00l MAes N S AL ) s it ol N

e Rt e v o Py ” ‘ - >
!

1000-
T:100 Sem:0  Amp:-0.00689 t-Oms

Next, sum the traces to obtain a seismic wavelet. Summation reinforces the in-phase direct wave
while suppressing most other waves and noise.

Comment out the Screen Display module and add the Ensemble Stack module to the flow.
Configure the module parameters as shown below. The Alpha trimmed parameter removes the specified

percentage of minimum and maximum amplitude values before summation, reducing the effect of high-
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amplitude bursts and noise.

Ensemble Slack S
Stack mode Alpha trimmed
Alpha [%] 30.0
Treat zero as the result of muting Yes (1) ~
Mumber of threads @ 0
K4 oK Cancel
In , traces are grouped into ensembles according to the first sorting field specified in

the Trace Input module. In this case, this sorting field is the CHAN header. Since all traces in the flow

have the same CHAN value (equal to 3), they will all be summed together during the execution of the

Ensemble Stack module.
Finally, the Trace Output module saves the resulting dataset to the database under the name

Select dataset... X
Object(s): |sp0_deccn_impulse |
» -3 [] show objects from sublevels E|Set filtter text (you can use = and ? wildcards) |
v T My Borehole Name Location Trace count Sorted by q
v [=] spo sp0_raw SPO < My ... 876 FFID : OFFSET 2022
£+ 010_data load = sp0_PRT DEPTH : CHAN | 2022

e 020_view_data

i 030_fbpick
i3% 040_3C_Orientation+5_pick
Lie 050_signature_for_decon...

Cancel

Next, the Screen Display module with parameters shown in the figure below is used to visualize

the results.
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[ Display parameters

Fromt=|0.0 to |500.0 [~ tScale | 10
Nurnber of traces Ij_g [~ %scale I 10

v Rotate
Iv Ensemble boundaries

[ Enable backward frame scrolling

Ensembles to scroll I 1
[~ Variable spacing Field |

[~ space ko maximum ensemble width
IZ_

IEI_

IT traces

Ensembles' gap
[ Muliple panels

Iv Use excursion

*

—WT/NVA display mode
& WTiva
& owr
A
~ Mone

Gain IF
Bias(%) Ig—

—

¥ Entire screen
" Individual

Show every
N-th trace

Axis. ., | Show headers... I
Plot headers. .. | Header mark... I
Picks /polygons settings... |

 Grey
i RfB
" Custom DeFine...l

& None

—Variable density display mode

Marmalizing Factar
Mone

Gain IF
Bias( %) I 0

[~ show palette

% Ertire screen
€ Individual

Data/velodty
¥ Display data

: Palette range ——————
" Display velocity Sef velocity, |

M. wel (mfsy | 500.0

e, vel (mfsy | 1900.0

Save Template I Load Template I Ck I

Cancel I

Select the wiggle trace method for trace display (select WT/VA in the Display mode field). The

Rotate option allows displaying the trace horizontally.

Click the Axis button to configure the axis parameters:

Axic Parameters
e [Tracss dx Values
dt  values Lines DEPTH | " Different
" Interval Vv
Primary lines Img W I 200.0
&+ Multiple
Secondary lines IlUU-U | % Different
CHAN 1 Interval I 1000 W
" Multiple
Font size I 15 )
—Margins
Left axiz Top axis
Ok I Cancel I margin mm margin IE 0

The resulting flow should look like the following:
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RadExPro 2021.4 >>> My VSP Project - u} X
Database Options Tools Windows Help
{3 Processing B Database Navigator
Project tree X Processing flow >> My Borehole / SP0 / 030_signature_for_deconvolution X All modules x
» & |0 ] BB~ %o~ o » =
v Bt My Borehole Trace Input <- sp0_raw Data IO *
v & spo Amplitude Correction Real-Time
Apply Statics <- fbpick Static Corrections
% 010_data_load PPl P
Geometry/Headers

Amplitude Correction

£ 020_view_data Screen Display Interactive Tools

i 030_fbpick Ensemble Stack Signal Processing
Data Enhancement
Deconvolution
Velocity
Stacking/Ensembles
Migration

Trace Editing

VsSP

Qc

3C Processing
Modeling

Data Manipulation
Auto Picking
Interpolation
Marine

&% 040_3C_Orientation+S_pick Screen Display
i 050_signature for_deconvolution Trace Output -> sp0_decon_impulse

Surface Wave Analysis ,,
Actions X 55 Flow status 8 x

Edit parameters of the module Screen Display ~

Add module Trace Output from the list
Edit parameters of the module Screen Display
Drag'n'drop modules

Insert module Screen Display at position & v
<

>

MEB1 - Move modules; Ctrl+MB1 - Copy modules; MB1 x2 - Module parameters; MB2 - Toggle modules; Ctrl+MB2 x2 - Cut modules; Shift+MB1 - Paste modules

Run the flow. The expected result is shown in the figure below.

- O X
Help

@ 050_signature_for_deconvolution < SP0 < My Borehole < My VSP Project  [17:37:25]

Zoom Common parameters... View Tools Exit/Stop flow  Exit

S0 ea@ .@.... SEGae® @ W

DEPTH
1] \P.v 300 500

Looking at the stacked trace, we observe that the effective wavelet is about 80 ms long, with its

origin around 100 ms. To check its frequency content, you can open the visualization window for the

stacked trace and choose Tools — Spectrum — Average (hot key on toolbar Q). With the tool active,
drag with the left mouse button over the part of the trace you want to analyze. A pop-up window will

appear showing the amplitude spectrum of the selected segment.

A(%)

100—
r/\'\

Q_Hllllllllnln

e I e e O
0 25 50 75 100 125 150 175 200 f {HZ:I'
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Testing deterministic deconvolution parameters (060 — deconvolution test.)

Create a test flow titled 060-deconvolution.
This flow will consist of the following modules:
e Trace Input
e Amplitude Correction

e Custom Impulse Trace Transform

e Screen Display

RadExPro 2021.4 >>> My VSP Project

Database Options Tools Windows Help

{3 Processing £ Database Navigator

Project tree X Processing flow > > My Borehole / SP0 / 060_deconvolution_test % All modules
» A D [B] EB~ =0~ to | » =
v [l My Borehole Trace Input <- sp0_raw

~ & spo Amplitude Correction

 010_data_load Custom Impulse Trace Transforms

4 020_view_data
% 030_fbpick
& 040_3C_Orientation+S_pick

S 050_signature_for_deconvolution

Screen Display

% 060_deconvolution_test

55 Flow status

MEB1 - Move modules; Ctrl+MB1 - Copy modules; MB1 x2 - Module parameters; MB2 - Toggle modules; Ctrl+MB2 x2 - Cut modules; Shift+MB1 - Paste modules

Data l/O ™
Real-Time
Static Corrections
Geometry/Headers
Interactive Tools
Signal Processing
Data Enhancement
Deconvolution
Velocity
Stacking/Ensembles
Migration
Trace Editing
VsSP
Qc
3C Processing
Modeling
Data Manipulation
Auto Picking
Interpolation
Marine

Surface Wave Analysis ,

= 4

Set the Trace Input module parameters as shown in the figure below:
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Trace Input x
Data Sets Sort Fields
CHAN Mumber of Ensemble Fields
""" Mote: Ensembles will be defined
il_ ;I' by this number of sort fields.

Add dataset... | Delete |

Datasets masks Add... | Delete |

i+ Selection

3:0-50000

Add mask... | |
" Select from file |

| Load headers only [ From batch list

" Database object
[~ Memaory resort Buffer size (ME) |0 1 |

~
oK | Cancel | el

Using the Amplitude Correction module, introduce the correction for spherical divergence

(enable the Time raised to power option with a power of 1).

Ampitucs Camaction

S

B Time: raiss to powar 1.0 a
1 Prponential correction [dRyfms] 0.0
~  Normalization
MNormalization type Constant lime =
Constant time @ oo
Maximum application tima @ oo
~ ] Automatic gain conkrol
Operator length [ms| o0
Type of AGC scalar MEARN
Basis for scalar application CEMTERED
Save AGC coeffidents o datasel
~ ] Trace equalizatian
Basis for scaling MFAN
Time gate start tima [ms] 0.0
Time gate end dme [ms] L]
~ ] Time variant scaling

Spedify gain furdion along Lrace (ms]) @

oK Cancel

Deterministic deconvolution can be performed using the Custom Impulse Trace Transform
module. In the module parameters, specify the name of the wavelet dataset created during the previous
step. In general, the trace with the wavelet should have the same sampling interval as the traces to which
deconvolution will be applied. This is true, as in this case the wavelet was obtained directly from the
dataset without any resampling.

The module parameters are shown in the figure below:
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n Custom Impulse Trece Transform ®
Wavelet source Get wavelet from dataset
~  Parameters of wavelet a
Dataset My Borehole\SP0ep0 decon impulse . - |
Matching header names dt H..
Get time from Manual input
Time interval [ms] @ oo 180.0
Get zero time from Manual Input =
Zero time [ms) 0.0
~ Application window parameters
Get time from Manual input =
Tlme Interval [ms] o a.0 — 10000040.0
Usz tapering Na (0]
~  Amplitude spectra parameters a8
Operation Divide 2]
Damp @ oz
~ Phase spectra parameters
Operation Subtract a
Additional time shift [ms] 0.0
Preserve trace amplitudes Mo (0]
Mumber of threads ® o

ok | con

To display the processing results on the screen, add the Screen Display module to the flow.
Display the traces using the variable density method in grayscale palette (Grey) and set the number of

traces on the screen equal to 300.

[Ad Display parameters *
WT VA display mode
Fromt=|0.0 to |0.0 [ tScle [ " WTNVA fa 0.3
O OwWT "ol
Mumber of traces  [3pg [ XScale [1n 0
: " va .
r * None
[ Ensemble boundaries £
r ) -
Variable density display mode =
Mormalizing factor :
Ensembles to scroll 1 * Grey ™ None . Gain f0,3
. . " RB -
I variable spacing {* Entire screen Bias(%:) |0
= " Custom 4 " Individual
" None ™ show palette
Ensembles' 2
Sembles’ gap Datafvelodty
™ Muliple panels 0 {+ Display data

) " Display velocity Q
¥ Use excursion 2,0 traces 500.0
1500.0

AXiS... | Show headers... |

Plot headers... | Header mark... |

Picks/polygons settings. ..
Save Template | Load Template | Ok | Cancel |

To compare the deconvolution results with the original data, comment out the Custom Impulse
Trace Transform module and run the flow.

Before deconvolution, the data look like the following:
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| Zoo porameters_. View Jools Ext/Stopflow Exit Help
| | = | AR X A
800 PPE 080G EL N Oe W
CHAN 3
DEPTH 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800
— =~ __—__ 2 = P = & o = _
500
1000
15007
2000
25001 4 Spectum -2 - o x
File View Scale Parameters
> A(%)
30001 sa0-
35001 “"i
5 \\n..
S TR (AL TN
Tr246 Semi1842 Amp:112  t1842ms

Now, without closing the Screen Display window, go back to the flow, uncomment the Custom
Impulse Trace Transform module and run the flow once again. Another Screen Display window

containing the deconvolution results will open:

4 Spectrum -2

File View Scale Parameters

%,
3000, g
; 'M
%= I
i W,
=] ™
| Ny
0-; ........ ;IIW. ------- ét:r;”'—;“l;v'ol ------- :1';0‘ ........ f(HZ)

Tr236  Sem:i1374 Amp:-0.0663 ©1374ms

Now that the deconvolution flow has been completed, you can compare the input and output data

directly. Open the visualization windows for both datasets and switch between them to see how the
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deconvolution has sharpened the events. If you want to examine spectral changes, use the Tools —
Spectrum — Average command in each window to display the amplitude spectrum of the selected

records. For easier analysis, you can synchronize the windows using the “sight” icon on the quick access

panel (@) so that zoom, cursor position, and selected areas are aligned in both displays.

Reflected PP wave field separation (070 — ug PP)

Next, P-P reflected wave field needs to be separated for corridor trace computation. This wave
field is estimated on the Z-component. In general, the procedure of reflected wave separation consists of
picking a travel time curve for a noise wave (any wave other than the reflected one), flattening the noise
wave using static corrections, subtracting this wave from the wave field using a two-dimensional spatial
filter, and introducing inverse static corrections.

Create a new flow for reflected wave field separation: 070 — ug PP.

Let us analyze the input data first. To do this, construct a flow consisting of the following
procedures:

e Trace Input
e Amplitude Correction
e Screen Display

The parameters are shown below.

Trace Input
Trace Input *
Data Sets Sort Fields
CHAM Number of Ensemble Fields
1 -
Note: Ensembles will be defined
by this number of sart fields.
Add dataset...
Datasets masks Add... | Delete |
* Selection
3:0-50000]
Add mask... | |
" Select from file |
I Load headers only [ From batch list
~ .
[ Memory resort Buffer size (MB) |0 Flalbaseibiect |
" Getal
OK | Cancel | =ta
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S

B Time raize to powar 1.0 -
T Feponential morrection [ciRy =] 0.0
~  Normalization
MNormalization type Constant lime i a
Constant time @ oo
Maximum application tima @ oo
v T futomatic gain control
Operator length [ms| o0
Type of AGC sealar MEAM
Basis for scalar application CEMTERED
Save AGC coeffidaents bo datasel ot ..
w T Trace squalizatian
Basis for scaling MFAN
Tirne gate start time [ms] 0.0
Time gate and time [ms] 0.0
~ T Time variant scaling
Spedly gain furedion along Lrace (1ms]) e
oK Canccl
|4 Display parameters st
—WT VA display mode =
Fromt=[0.0 to [0.0 [ tsale [ ; WTVA m’i’é”g factor con [o5
WT {* Entire screen .
Number of traces W [~ % Scale Ilu—  va P Bias(%) IO_
[ Rotate " None
¥ Ensemble boundaries zﬁ;wtre;:ew ll_
[~ Enable backward frame scroling ~Variable density display mode —
Ensembles to scroll ll— " Grey NDrF\jngaEng o Caly lF
[~ Variable spacdng C R/B ¥ Entire screen

Figld |

™ space to maximum ensemble width
IZ—

ID—

IT traces

Ensembles’ gap
[~ Muliple panels

¥ Use excursion

Axis... I Show headers... |

Plot headers. .. I Header mark... |

Picks/polygons settings. .. I

" Custom Define...l

& None

€ Individual

Biiast %) I 0

[T show palette

Data/velocity
¥ Display data

_ Palette range ——————
" Display velocity Set welocity. .. |

Min.vel {mfs) | 500.0

Mae,vel (mfs) | 1500.0

Save Template I Load Template | Ok I

Cancel

The result of running this flow is shown in the following figure:
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(2d

Zoom Common parameters.. View JTools Exit/Stop flow Ex

80 Beacaa Ue W

Downgoing S-wave

4°°| = Upgoing S-wave (SS) £
600

l Downgoing P-wave

2200

== Upgoing P-wave (PP)

|76 Sam:1971 Ampiid8  £1971ms
|

From the figure it is clear that the data contains different types of waves — downgoing and
reflected P- and S-waves. It is also noticeable that the overall amplitude level varies from trace to trace:
some traces show much lower gain than others.

The first step is to equalize trace amplitudes using the Trace Equalization option of the Amplitude
Correction module. This function computes the average amplitude for each trace within a chosen time
window, then scales all samples of the trace by this average value. For this equalization to work correctly,
the window must include events of the same type on all traces.

In this case, we use the downgoing P-wave for balancing. To achieve that, we first apply static
corrections to flatten the downgoing wave. Next, we perform amplitude equalization in the time window
containing the direct wave. Finally, we restore the traces to their original timing by applying the inverse
static corrections.

Add the following modules to the flow:

Apply Statics — select the first-arrival pick as the reference and set the correction to occur
relative to the time of 100 ms. For each trace, the applied shift equals the difference between the picked

P-wave arrival and this constant reference time.
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Apply Statics
Harizan o

@ Relative to time
Subtract statics
Apply fractional statics

Maximum number of threads 9

My Borehole\SPOVfbpick

100.0
Mo ()
Yes (1)

0
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| oK Cancel

Amplitude Correction — enable the Trace Equalization option. Set the time window so that it

covers the downgoing P-wave, which will have been shifted to 100 ms after applying the static

correction. The window should not be too narrow, otherwise the average amplitude calculation may

become unstable. Configure the parameters as shown in the figure below.

Amplitude Correction
[ Tirmne raise to power
[ Exponential correction [dB/ms]
~ MNormalization
Mormalization type
Constant time
Maximum application time
~ [ Automatic gain control
Cperator length [ms]
Type of AGC scalar

Basis for scalar application

1.0

0.0

Constant tme

@ oo
@ oo

0.0

MEAN

CENTERED

Save AGC coefficients to dataset

L4

B Trace equalization
Basis for scaling
Time gate start time [ms]
Time gate end time [ms]

~ [ Time variant scaling

MEAN
80.0
400.0

Specify gain function along trace {t[ms]) o

[

Ok Cancel

Add another instance of the Apply Statics module to introduce inverse static corrections. Its

parameters should be the same as in the first instance, except for one difference: the Subtract static option

needs to be enabled to introduce inverse static corrections:
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Py St 3
Horizon @ My Borehole\SPO\fbpick H| ][ | =
B Relative to time 100.0
Subtract statics Yes (1)
Apply fractional statics Yes (1)
Maximum number of threads @ 0
] o cance
At this stage, the flow should look like the following:
e Trace Input
o Amplitude Correction
e Apply Statics
e Amplitude Correction
e Apply Statics
e Screen Display
The results of flow execution are shown in the figure below:
2
AA[EE ST ISEIER =S
oepTH

1000 2000 3000 4000

Spectrum - 2

zooo| File View Scale Parameters
2200 A%)
| 100-
2400 H
2600 502
2800
| :HD “ ID 7' h.'llD |I 1‘0 Hi"lf‘Em“m f(HZ)
i >

Tr104  5am:2889 Amp:0.0756 +2889ms

That gain of different traces is equalized as a result of applying these procedures.

Next, perform the deterministic deconvolution of the data with the parameters selected in the

previous flow. The result is shown in the figure:
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7]

Zoom Common parameters... View Jools Exit/Stop flow  Exit

e ScaesEEes
DEPTH

File View Scale Parameters

A(%)

100~

Tr130  S5am:3237 Amp:0.00105 £3237ms i

After deterministic deconvolution, the downgoing P-wave wavelet approaches a zero-phase

shape. As a result, first arrival times now correspond to the wavelet’s central extremum rather than the

initial zero crossing. Consequently, the first zero crossing is shifted to earlier times. Since this first arrival

pick will later be used for muting, it must be adjusted to smaller times, as shown in the figure below, to

preserve the wavelet shape during subsequent muting.

[ 070_ug_PP < SPD < My Borehole < My VSP Project  [17:3418]

Zoom Common parameters... View Tools Exit/Stop flow  Exit

e ShGoeEea

2000
ey,

[Tr:94  Sam:1489 Amp:-0.00118 £1489ms
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To adjust the first arrival pick, load the
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pick using Tools — Pick — Load pick. Move the

pick to the desired location by holding Shift and pressing the right mouse button simultaneously. Save

the modified pick under the name

on the second database level.

B Save pick to... X
Object(s): |ﬂ)pid<_afber_deconvoluﬁon |
» = [] show objects from sublevels g Set filter text ( an use * and dcard: |
v T My Borehole ( Location Length Headers Styl
v [=] spo SPO < My Borehole DEPTH : DEPTH
bie 010_data_load S wave .. SP0O < My Borehole 292 DEPTH : DEPTH
e 020_view_data
i 030_fbpick
i 040_3C_Orientation+S..
Lie 050_signature_for_dec...
% nan decanualition test ¥ | [€ *
Save all
Append Pick headers: | DEPTH ~| = |DEPTH ~
Save selection
Cancel

Next, the downgoing P-waves need t

o be removed from the record. To achieve this, the

downgoing P-wave travel time curve must first be flattened using static corrections (Apply Statics). Then

the wave is subtracted from the wave field usin

g a two-dimensional spatial filter (2D Spatial Filtering),

and finally, inverse static corrections are applied (Apply Statics).
Add these procedures to the flow sequentially and observe the results after each step:

Apply Statics:

Aoply Statics

Horizon 0 My Borehole\SPO\fopick after deconvolution H || | us
8 Relative to time 100.0
Subtract statics Mo (0} ™

Apply fractional statics Yes (1)

Maximum number of threads 0 i}

QK Cancel

The result of applying the procedure is shown below:
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2 070_ug_PP < PO < My Borehole < My VSP Project  [17:44:22]

Zoom Common parameters... View Tools Exit/Stop flow  Exit

e S S

In the

DEPTH

(Tr71  Sam:1033 Amp:0.000159 £1033ms

2D Spatial Filtering

>

~  Filter type

Type Alpha-Trimmed Mean

Rejection [%] 30

~  Filter size

Mumber of traces 11
Number of samples 1

Filter mode Subtraction v

oK Cancel

module setup, select the subtraction mode (Filter mode: Subtraction).

In this mode, the average value calculated within the window is subtracted from the central sample of

the window. Choose the Alpha-Trimmed Mean filter type to minimize the effect of occasional high-

amplitude bursts on the result.

The result of applying the procedure is shown below:
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[ 070_ug PP < SPD « My Borehole < My VSP Project  [17:47:13]

Zoom Common parameters... View Tools Exit/Stop flow  Exit

500 1000 1500 2000 2500

Tr162  Sam:2036 Amp:-0.000113 £2036ms

G ce@caa e emaes

3500 4000

We can see that the downgoing P-wave was successfully subtracted from the record.

Now, inverse static corrections are needed to return the remaining waves to their proper times.

To do this, add another instance of the module to the flow:

E Apply Zzatcs

Hurizon @ My Burehule\SPO\bpick afler decarwolution I1 |
B Reletive ta time 1.0

Subtract statics Yes (1)

Apply fracticnal statics Yes (1)

Maximum number of threads 9 Q

The result of running the procedures is shown below:

QK

I
2EEe 8

8

Canegl
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[ 070_ug PP < SPD < My Borehale < My VSP Project

DEPTH

Trd3  Sam:2579 Amp:-0.000809 £:2579ms

Zoom Common parameters.. View Tools Exit/Stop flow  Exi

0 s Bed@

[17:49:48]

it

1000 1500 2000

2500

20000 0 Ce W

3000

Help

3500 4000

The processing flow should look like the following at this stage:

IS RadExPro 2021.4 >>> My VSP Project

Database Options Took Windows Help

Processing £ Database Navigator
Project tree
- My Borehole

v SPO
2 010_data_load
020_view_data
030_fbpick
040_3C_Orientation+5_pick
050_signature_for_deconvolution
060_deconvolution_test

£ 070_ug_PP

X | Processing flow >> My Borehole / SPO / 070_ug_PP

Trace Input <- sp0_raw
Amplitude Correction

Apply Statics <- fbpick
Amplitude Correction

Apply Statics <- fbpick

Custom Impulse Trace Transforms

Apply Statics <- fbpick_after_deconvolution

2D Spatial Filtering
Apply Statics <
Screen Display

o) Flow status

fbpick_after_deconvolution

X All modules

- O b4
x
Data ljO *

Real-Time

Static Corrections

Geometry/Headers

Interactive Tools

Signal Processing

Data Enhancement

Deconvolution

Velocity

Stacking/Ensembles

Migration

Trace Editing

VSP

Qc

3C Processing

Modeling

Data Manipulation

Auto Picking

Interpolation

Marine

Surface Wave Analysis
Refraction «

F x

MB1 - Move modules; Ctrl+MB1 - Copy modules; MB1 x2 - Module parameters: MB2 - Toggle modules; Ctri+MB2 x2 - Cut modules; Shift+MB1 - Paste modules

Note that the data fragment circled in red in the figure below contains a low-frequency component
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that is not present in the rest of the record.

WWW.radexpro.com

[@ 070_ug_PP < SPO < My Borehole < My VSP Project  [16:13:03)

Zoom Common parameters... View Tools Exit/Stop flow

DEPTH

1630 Semidd0 Ampi-0.00862 £440ms

Sto, Exit
S0 eeecaanas W

Therefore, before performing noise wave subtraction, it is necessary to apply band-pass filtering

in the selected window. First, create a pick that outlines the area containing both the low- and high-

frequency components (as shown in the figure below). This pick will define the window for filtering.

Save it under the name gate for filtering. Then apply the Time Variant Bandpass Filtering module,

which performs band-pass filtering restricted to the specified window.

57



seismic software

=]

Zoom Common parameters...  View

Tools  Exit/Stop flow  Exit
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80eas S eeaes

24 Spectrum -1

Al%)

100-

File View Scale Parameters

Help

Tr115  5am:3999 Amp:0.000409 t:3999ms

The pick divides the data into two windows, and we need to apply filtering only to the window
which contains the low-frequency component. Open the module and
set its parameters so that filtering is applied exclusively to the zone below the pick. Adjust the band-pass

limits according to the figure below, leaving the fragment above the pick unchanged.

Timme Variant Bandpass Filtering ®
~ = Horizons
1] @ My Borehole\SPDigate_for_filtering H || M. | 1= 2

~ = Windows
v 1] ~

Window usage Yes (1) v

Filter type Ormsby bandpass filter

~ Ormsby bandpass
Low-cut ramp: 4.0
Low-cut Famp: 6.0
High-cut rarmp:  250.0
High-cut ramp:  250.0
v [2] ~
Window usage Yes (1)
Filter type Ormsby bandpass filter v
v Ormshy bandpass
Low-cut ramp: 15,0
Low-cut ramp:  17.0
High-cut ramp:;  250.0
High-cut ramp:  250.0
Tapering length [%4] 0 10.0
Windows overlap [ms] 10.0
Number of threads @ 0
L Cancel
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The pick defines the boundary between two processing windows. The
parameters for both windows are written on one line, separated by a colon. For each window, set Window
usage = 1 (filtering active). Then assign the pass band values: 4-6-250-250 Hz for the first window
(before the pick) and 15-17-250-250 Hz for the second window (after the pick), exactly as shown in
the figure.

The result of applying the procedure is shown below:

[4d 070_ug PP < SPO < My Borehole < My VSP Project  [15:34:20] - O

Zoom Common parameters.. View Tools Exit/Stop flow  Exit

Geeceacarcc@Enem s

Tr0  Sam:2599 Amp:0.00954 +2599ms

Now we proceed with subtracting the downgoing S-wave from the record, following the same
method as used earlier for the P-wave. Because this wave is much slower, applying static corrections
directly could cause data loss — useful signal samples might be shifted outside the trace range.

To avoid this, first extend the trace length by inserting the Trace Length module into the flow

and setting the new trace length to 9000 ms.

Trace Length x

New trace length  9000.0

OK Cancel

After that, flatten the S-wave travel time curve at a time of 2500 ms, subtract the wave, and
introduce inverse static corrections.

The resulting flow should look like the following at this stage:
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e Trace Input
e Amplitude Correction
o Apply Statics
e Amplitude Correction
o Apply Statics
e Custom Impulse Trace Transform
o Apply Statics
e 2D Spatial Filtering
e Apply Statics
e Time Variant Bandpass Filtering
e Trace Length
o Apply Statics
e 2D Spatial Filtering
e Apply Statics
e Screen Display
Parameters of the modules needed to subtract the S-wave are shown below:

Apply Statics
G Apply Statics *
Horizon 0 My Borehole\SPO\S wave down goingl H | ﬂ | .. | =
B Relative to time 25000
Subtract statics No (0) “
Apply fractional statics Yes (1) =7
Maximum nurmber of threads e 0

] K | Cancel
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2D Spatial Filtering

2D Spatial Filtering
~ Filter type
Type
Rejection [%]
v Filter size
Number of traces
Mumber of samples

Filter mode

EE
Apply Statics

Apply Statcs

Horizon 0

B Relative to time 2500.0
Subtract statics Yes (1)
Apply fractional statics Yes (1)

Maximum number of threads @ 0

4lpha-Trimmed Mean -

30

11

1

Subtraction

OK

My Barehole\SPO\S wave down goingl

.

SNNEDN

()

Cancel

The result of applying the procedures is shown in the figure below:

Www.radexpro.com

=@
Cancel

[4d 070_ug_PP < SPD < My Borehole < My VSP Project  [16:07:40]

Zoom Common parameters.. View Tools Exit/Stop flow  Exit

S0eaaaa

DEPTH

1000

1000
120IJ|
14DD|
1SDD:

1800
|

Tr73  Sam:1562 Amp:0.000649 t:1362ms
<

2000

200G eh s W&

3000

Help

4000
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It can be observed that the wave field still contains some downgoing S-wave fragments after the
downgoing S-wave subtraction. Perform the picking on one of such fragments as shown in the figure

below. Save the pick on the second project level under the name

[4d 070_ug_PP < SPD < My Borehole < My VSP Project  [16:07:40] m] X

Zoom Common parameters.. View Tools Exit/Stop flow  Exit Help

800@AE 800 BB ELWEE A8

500 1000 1500 2000 2500 3000 3500 4000

Tr68  Sam:2258 Amp:-0.000778 £2258ms
< >

Use the same set of modules to subtract those fragments: Apply Statics (
pick, Relative to time 4000), 2-D Spatial Filtering (filter type: Alpha-Trimmed Mean, window size: 9
traces per sample, Subtraction mode), and another Apply Statics (same parameters as for the first one,
but with Subtract Statics enabled).

The result of applying the procedures is shown in the following figure:
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[ 070_ug_PP < $P0 < My Borehole < My VSP Project  [16:22:28] - m] X
Zoom Common parameters.. View Tools Exit/Stop flow  Exit Help
e ceeeacnEE s

DEPTH

Tr136  Sam:2678 Amp:-0.000818 t:2678ms
< >

Next, we introduce several “cosmetic” steps into the flow to improve the signal-to-noise ratio
and ensure the reflection polarity is correct. Begin with the Burst Noise Removal module, which
suppresses short, high-amplitude localized noise bursts. Configure the module according to the

parameters shown in the figure below.

G Burst Noise Removal *
Window size for average value calculation [traces] 11
Rejection [%] 20.0
Da not change amplitudes 50

lower than threshold of the average [%]
Modify values when exceed average in more than N times 3.0

MNumber of threads 9 1

oK Cancel

The result of running the procedure is shown in the figure below:
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[ 070_ug_PP < SPO < My Borehole < My VSP Project  [16:52:29] - O X

Zoom Common parameters.. View Tools Exit/Stop flow  Exit Help

e ceeeacnEE s

1000 2000 3000 4000

T34 Sam:2516 Amp:0.000124 £:2516ms
< >

Next, use the Bandpass Filtering module to apply band-pass filtering to the data in a wide
frequency band. Select the Ormsby filter (Ormsby Bandpass Filter) with 5-10-70-150 Hz frequencies in
the module parameters.

Bandpass Filtering bt
Filter type Ormsby bandpass filter ~
v Filter parameters

Low-cut ramp: 0% [Hz] 5.0

Low-cut ramp: 100% [Hz] 10.0

High-cut ramp: 100% [Hz] 70.0
High-cut ramp: 0% [Hz] 150.0
Tapering [%] ® 10
Number of threads o 0
OK | Cancel

To follow the polarity convention used in exploration seismology—where reflections from
positive boundaries (an impedance increase downward) are displayed on Z-component seismograms as
positive extrema—we need to invert the phase of the wave field. This is done by multiplying every trace

by —1. Add the Trace Math module to the flow and set its parameters as shown in the figure:
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Trace Math X
Mode Trace/Scalar
Trace/Scalar operation  Multiply by Scalar
~ Scalar settings
Setting mode Constant
Value -1.0
OK Cancel

Www.radexpro.com

Next, perform seismic trace muting before the first arrivals by running the Trace Editing with the

parameters shown below. Use the first arrival pick shifted after deconvolution

as the horizon defining the muting.

Trace Editing

Processing mode Muting
~ Muting parameters
Muting Top muting

Taper window length [ms] 0.0

Harizan o My Borehole\SP0\fopick after deconvolution H

o

The result of running the procedures is shown in the figure below:

Cancel

[@d 070_ug_PP < SPD < My Borehole < My VSP Project  [16:59:15]

Zoom Common parameters.. View Tools Exit/Stop flow  Exit

3000

1000

2000

Trd5  Sam:2822 Amp:-0.000584 £2822ms
<

e ceenercEnEE s

- ] X

4000

Finally, save the resulting

using the Trace Output module:

reflected P-wave field to the database under the name
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The resulting flow should look like the following:

WWW.radexpro.com

55 020_view_data

i 030_fbpick

i3% 040_3C_Orientation+5_pick
e 050_signature_for_decon...
bie 060_deconvolution_test

&% 070_ug_PP

I

Select dataset... *
Object(s): |sp0_P_wave_ug |
» 2 [] show objects from sublevels E Set filter text {you can use * and ? wildcards) ||

v 17 My Borehole MName Location race cour Sorted by Crea
v [= spo = spO_raw SPO < My Bo... 876 | FFID : OFFSET 2022-03

%% 010_data_load = spO_PRT SPO < My Bo... 876 DEPTH: CHAN  2022-03

sp0_decon_impulse SPO < My Bo...

1 CHAN:DEPTH  2022-03

[oc ]| conee

Trace Input
Amplitude Correction
Apply Statics
Amplitude Correction
Apply Statics

Custom Impulse Trace Transform
Apply Statics

2D Spatial Filtering
Apply Statics

Time Variant Bandpass Filtering
Trace Length

Apply Statics

2D Spatial Filtering
Apply Statics

Apply Statics

2D Spatial Filtering
Apply Statics

Burst Noise Removal
Bandpass Filtering
Trace Math

Trace Editing

Trace Output

Screen Display
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Note that the process of the reflected wave field separation may be improved by adding new
procedures for the subtraction of remaining noise waves (such as S-waves with slightly different slope
from the picked travel time curve). The process of reflected wave field separation can be iterative.

Building a velocity model (080 — velocity model)

Next, create a new flow to build a velocity model based on the separated reflected wave field —
080 — velocity model. The flow will consist of the following modules:
e Trace Input
e SSAA
e Advanced VSP Display

RadExPro 2021.4 >> > My VSP Project - o X

Database Options Tools Windows Help

@i Processing B Database Navigator

Project tree X | Processing flow >> My Borehole / SP0 / 080_velocity_... X | | All modules X
» 2 O qE » =, - 7 » 2
~ & My Borehole Trace Input <- sp0_P_wave_ug Data I/O *
~ [ 5po SSAA Static Corrections
Advanced VSP Display Geometry/Headers

&% 010_data_load
& 020_view_data

Interactive Tools
Signal Processing

£+ 030_fbpick Data Enhancement
{4 040_3C_Orientation+S_pick Deconvolution
& 050_signature_for_deconvolution Velocity
% 060_deconvolution_test Stacking/Ensembles
& 070_ug_PP Migration
= Trace Editing

& 080_velocity_model VSP
QcC

3C Processing
Madealina ¥

52 Flow status & X

MB1 - Move modules; Ctrl+MB1 - Copy modules; MB1 x2 - Module parameters; MB2 - Toggle modules; Cirl+MB2 x2 - Cut modules; Shift+MB1 - Paste modules

In the Trace Input module, select the dataset created by the previous flow containing the reflected

P-waves — . Select one sorting key — DEPTH — and enter * in the Selection field to read

the entire data range.
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Trace Input

Data Sets Sort Fields

Add dataset... Delete |

Datasets masks

{+ Selection

MNumber of Ensemble Fields

P

Note: Ensembles will be defined
by this number of sart fields.

=

I Load headersonly [ From batch list

" Getal
OK | Cancel | =ta

Add mask. ..
| | ™ select from file |
‘s .
[~ Memory resort Buffer size (MB) ID— Database object |

The actual velocity model building takes place in the Advanced VVSP Display module. The

seismogram input into the module should contain the downgoing P-wave first arrival times in the

FBPICK header field. We use the SSAA module to copy those times from the

pick.

Select the Peak amplitude time attribute (time corresponding to the maximum amplitude in the

window) on the first tab of the SSAA module dialog box. Since the exact pick time is needed, enter 0 in

the Window length field (search window length). Select the FBPICK header field where the values will

be written from the drop-down list on the right. Specify the
SSAA.

SSAA
Attribute Compute?
1 Peak frequency MNa (0) ~
2 Centroid frequency Na {0)
3 Apparent frequency Na {0)
4 Visible frequency Na (0)
5 Bandwidth Na (0) ~
6 Peak amplitude Na {0)
7 Peak amplitude time Yes (1)
Attributes 8 Trough amplitude Na(0) ~
9 Trough amplitude time Na (0) ~
10 Max. absolute amplitude Na {0)
11 Max. absolute amplitude time Na (0)
12 RMS amplitude Na (0)  ~
13 Pick amplitude Na {0)
14 5/M ratio Na {0)
15 Resalution Na (0)
Harizan o My Borehole\SPO\fbpick

Window length [ms] 0.0

Window position Symmetric b

first arrival pick as the Horizon in

< FBPICK

Save to header

OK Cancel
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Now, add Advanced VVSP Display to the flow. Select the following parameters:

Logging data (LAS) file | D:\InDatal\AK. las Browse... |

LAS column name(s) |ak Edit...

Load model file | Browse...

i bl

Save model file | D:\InData\My VSP P-wave model.mdl Browse...

Depth Time
StartZ {m) |0 Start time {ms) |0
EndZ {m) |0 End time {ms) | 3000
Altitude correction |0
Trace Display
Trace scale | 0.5 Trace step (m) |10
Welodty Attenuation
Interval velodty |3
calc, base (rec) Get amplitudes from :
Regularization parameter | 0.15 | CCP Browse... |
oK | Cancel |

Specify the name of the file on the disk where the model will be automatically saved in the
Save model file field.

ATTENTION: After running the flow for the first time, it is recommended to specify the same model file name in the Load
model file field as in the Save model file field. This will allow resuming the work from one run to the next. Besides, since the
model output file is saved automatically when the user exits the Advanced VSP Display module, specifying it as the input

file will help avoid undesirable loss of the previously created model.

Run the flow. An Advanced VSP Display module window similar to the one shown below

will appear:
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& vsP Display - [m} x

File Edit LayVelocity View LogDisplay Qualitydisplay Amplitude Zscale Help

7 s i |
z WV, mims T, ms
25 50 < 5 < c 5 5 < c <
(NERN N RN NN NN [
T o=

ZE-UU—E

| p7soz

Z= -13.80,L= 2531, T= 83.00 Vmean= 149, Vint= 130, Vlay = 2.60|Q = -nan(ind)

Building the velocity model includes adding and editing layer boundaries.
Editing layer boundaries
Layer boundaries can be added, deleted or moved.
e To add a layer boundary, place the mouse cursor over the spot in the seismogram
window where you want to add a boundary and click the left mouse button.
e To move a layer boundary, “grab” it using the left mouse button, drag the boundary
to the new position, and release the mouse button.
e To delete a boundary, double-click on it with the right mouse button.
Adjusting the axes
The scales of the depth, time and parameter axes can be changed. To adjust the scale, place the
cursor over the start value of the axis, press the left mouse button, move the cursor to the new end value
while holding down the mouse button, and release the mouse button. To revert to the original scale on
the selected axis, right-click on the appropriate axis.

The results of building the velocity model should look like the following:
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& vsP Display
File Edit LayVelocity View LogDisplay Qualitydisplay Amplitude Zscale Help

7 s i |
z WV, mims T, ms
25 5.0 250 2 750 1000 1250 1500 1750 2000 2250 2500 2750 30
(NERN N RN NN NN
BEE

2502

500= 4

bs00=

p7s0=

Z= 373.92,L= 41314, T= 24900 Vmean= 165 Vint= 207,

These results can be exported to a text file using the File — Export result menu item.

B VSP Display
File Edit LayVelocity View LogDisplay Quality display Amplitude Zscale Help
f =
Export results V. mims
Exit
-
25 0
el 1
0= i
E P
3 E
250=
E +
E f
5002 4
E %

When you select this item, a dialog box will open, prompting you to specify the names of the text

files where the results will be exported.

Export results files X
Lay model file | Browse...
Per-trace file | Browse...
oK | Cancel |

Lay model file — file containing the layered velocity model
Per-trace file — file containing the per-trace table with two-way vertical travel time curve values

as well as average and layer velocity values.
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Reflected wave field visualization and NMO-corrections (090 — ug and ug nmowaves

display)

RadExPro 2021.4 >>> My VSP Project
Database Options Tools Windows Help
€ Processing ) Database Navigator
Project tree
» & |0
~ [&l My Borehole
v = spPo
% 010_data_load
% 020_view_data
¥ 030_fbpick
£¥ 040_3C_Orientation+S_pick
£ 050_signature_for_deconvolution
£ 060_deconvolution_test
£ 070_ug_PP
el 080_velocity_model
el 090_ug_and_ug_nmo_waves_display

X || Processing flow >> My Borehole / SP0 / 090_ug and_ug_nm... X || All modules

Bl EB- %o~

Trace Input <- sp0_P_wave_ug
Amplitude Correction

Trace Editing <- fbpick_after_deconvolution
VSP NMO

Trace Length

Trace Qutput -> sp0_ug_nmo

Screen Display

o Lk

50 Flow status

»

MEB1 - Move modules; Cerl+MB1 - Copy medules; MB1 x2 - Module parameters; MB2 - Teggle modules; Ctrl+MB2 x2 - Cut modules; Shift+MB1 - Paste modules

- [m] x
X
Data IO

Static Corrections
Geometry/Headers
Interactive Tools
Signal Processing
Data Enhancement
Deconvolution
Velocity
Stacking/Ensembles
Migration
Trace Editing
VSP
Qc
3C Processing
Modeling
Data Manipulation
Auto Picking
8 x

Create a new flow and name it 090 — ug and ug nmo waves display. The flow will contain the

following modules:

Specify the

Trace Input
Amplitude Correction
Trace Editing

VSP NMO

Trace Length
Resample

Trace Output

Screen Display

dataset and sort by the DEPTH header in the Trace Input module.
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Trace Input x
Data Sets Sort Fields
‘ Mumber of Ensemble Fields
—|_ Note: Ensembles will be defined
‘ by this number of sort fields.
Add dataset... Delete |
Datasets masks Add... | Delete |
i+ Selection
=
Add mask... | |
" Select from file |
| Load headers only [ From batch list
i < " Database object |
Emory resar Buffer size (MB) |0
=
oK | Cancel | el

Enable Automatic Gain Control in the Amplitude Correction module and set the operator length
to 200 ms.
Next, use the Trace Editing module to mute the record in the interval before downgoing P-wave
first arrivals. Select the Top muting option in the module parameters and specify the
pick as the horizon for muting.

Use the \VSP NMO module to introduce Normal Move-Out (NMO) corrections into the VSP data.
The module parameters are shown in the figure:

V5P NMO X
Edit parameters
X - Ok
New source receiver position
Source elevation |0 Cancel |

Receiver elevation |0 Depthstep | 20
Source to receiver horizontal distance |0

Speed model file

| D:\InData\My WSP P-wave model.mdl Browse... |

After that and before saving the result to the database and displaying it on the screen, revert to

the original trace length — 4 s, which can be done with the help of the Trace Length module.

G Trace Length x

Mew trace length  4000.0
| 0K | Cancel
Finally, using Trace Output, save the results to the dataset.
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Select dataset.., X

Object(s): |sp0_ug_nmo| |

Y|

» -3 ‘ [] Show objects from sublevels

Set filter text (you can use * and ? wildcards) ||

~ 5 My Borehole Name Location race cour  Sorted by Crea
v [ seo = spO_raw SPO < My Bo... 876 FFID : OFFSET  2022-03
% 010_data _load = sp0_PRT SPO = My Bo... 876 DEPTH: CHAN | 2022-03

& 020 view_data = sp0_decon_impulse  SPO < My Bo.. 1 CHAN: DEPTH | 2022-03

i 030_fbpick
4% 040_3C_Orientation+5_pick

+ sp0_P_wave_ug SP0 < My Bo... CHAM : DEPTH

Leh 050_signature_for_decon...
% 060_deconvolution_test
i 070_ug_PP

i 080_velocity_model

% 090_ug_and_ug_nmo_wav...

o1/ oo

For visual quality control, insert the Screen Display module at the end of the flow with the

following parameters:

[2d Display parameters *
~WT/VA display mode - =
Fromt=|0.0 to |4000.I [ tScale |10 * WTVA ;dgrz:ﬂzng 2= Gain IF
owr . -
Number of traces |300 [ ¥ Scale I 10 VA ((.: IE”;@:UrEn Bias(%) IO
ndividual
¥ Rotate " None
Show every I
™ Ensemble boundaries N-th trace 1

™ Enable backward Frame scrolling ~Variable density display mode

Ensembles to scroll I 1  Grey

[~ Variable spacing field | TR
" Qustom _Define. I

Mormalizing Fackor
Mone

1Gain IF
Bias(%) I 0

¥ Entire screen

£ Individual
[~ Space bo mazximum ensemble width iIdUE

& None ™ show palette
Ensembles' gap I 2 Datajvelodity
[~ Muliple panels I 0 % Display data

 Disnl - et velocik Palette range ———————
[V Use excursion I 2.0 traces Display velocity el velocity. .. |

Min.vel (mfs) | 500.0

Max.vel (mys) | 1500.0

AXiS... | Show headers... |

Plot headers... | Header mark... |

Picks/polygons settings. .. |
Save Template | Load Template | Ok I Cancel I

The result of running the flow is shown in the figure below:
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|E| 090_ug_and_ug_nmo_waves_display < 5P0 < My Borehole < My V5P Project  [1&:28:17]

Zoom Common parameters.. View Tools Exit/Stop flow  Exit

RSNSN]SR S =

1 Sam:503 Amp:149  £503ms

Using two picks, select the window for corridor stack trace computation as shown in the figure

[ad 080_ug_and_ug_nmo_waves_display < SP0 < My Borehole < My V5P Project  [16:28:17]

Zoom Common parameters., View Tools Exit/Stop flow  Exit

A= NS S EE

DEPTH
500 1000 1500 2000 2500 3000 3500

Tr:58  Sam:1951 Amp:-0.153  £1951ms

4000

Save the first arrival pick (shown in yellow in the figure) under the tvv name, and the pick defining

the end of the window used to build the corridor stack trace (shown in green in the figure) — under the

name (save both picks to the second level of the project tree).

75



RadEXxPro seismic software www.radexpro.com

Building a corridor stack trace (100 — cor stack trace and 110 — cor sum)

The corridor stack trace is created by stacking the data in the specified window along the first

arrival travel time curve. Create a new flow and name it 100 — cor stack trace.

& Processing ) Database Navigator
Project tree X | Processing flow >> My Borehole / SP0/ 100_cor_stack_trace X All modules x

= B~ %~ =W » oA
v & My Borehole Trace Input <- sp0_ug_nmo Data I/O *
v [ SP0 Trace Editing <- tw Static Corrections

Trace Editing <- cor_summ Geometry/Headers

% 010_data_load
Ensemble Stack Interactive Tools

£ 020_view_data Amplitude Correction Signal Processing

o 030_fbpick Trace Output -> sp0_cor_stack Data Enhancement
£} 040_3C_Orientation+5_pick Screen Display Deconvolution
£# 050_signature_for_deconvolution Velocity
% 060_deconvolution_test Stacking/ Enfemb-les
& 070_ug_PP Migration
Trace Editing

£¥ 080_velocity_model vsp
£* 090_ug_and_ug_nmo_waves_display Qc
% 100_cor_stack_trace 3C Processing
Modeling

Data Manipulation
Auto Picking

55 Flow status a8 %

The flow needs to contain the modules shown in the figure:
e Trace Input
e Trace Editing
e Trace Editing
e Ensemble Stack
o Amplitude Correction
e Trace Output
e Screen Display
This flow is designed to process the NMO-corrected reflected P-wave field. It applies top and
bottom muting along the first arrival travel time curve, then stacks all traces to form a single trace,
equalizes the amplitude along that trace, and saves the final result.
The Ensemble Stack module performs stacking within ensembles defined by the first sorting key.
Since in this case we need to sum all traces together, the first sorting key in the Trace Input module
should be set to a header field that is guaranteed to have the same value for all traces. A suitable example

is dt (the sampling interval).
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Trace Input

Data Sets

Add dataset... Delete |
—Datasets masks
Add mask. .. I Delete |

[ Load headers only [ From batch list

Buffer size (MB) I 0

[~ Memory resort

—Sort Fields
dt Number of Ensemble Fields
|1 vl
Note: Ensembles will be defined
by this number of sart fields.
Add... Delete |
& selection

OK | Cancel |

=%

" select from file = | I
" Database ohject Choose...l I

" Getal

Trace Edliting

Processing mode Muting
~ Muting parameters
Muting Top muting

Taper window length [ms] 0.0

Harizan © My Borehole\SPO\tw

pick, bottom muting — along the

Trace Editing
Processing mode Muting
~  Muting parameters
Muting Bottom muting

Taper window length [ms] 0.0

Harizon e

Ensemble Stack
Stack mode
Alpha (%]

Treat zero as the result of muting  Yes (1)

Number of threads

My Borehole\SPO\cor_summ

Alpha trimmed -

30.0

@ Do

pick.
x
H Pl |1=
oK Cancel
x
o (] 5 ]2
s

This will eliminate the impact of noise bursts on the summation results:

BEEA

Cancel

The next two Trace Editing modules are used to perform top and bottom muting in sequence.Top

Select the Alpha trimmed option in the Ensemble Stack module and set the trim threshold to 30%.
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Enable Automatic gain control in the Amplitude Correction module and set the operator length to
1000 ms.

Amplitude Carrection
Z lime raise to power 20
| | Fxpanential corractinn [d8/ms] a0

~  Mormalization

Narmalization type Canstant time
Constant time @ o
Maxirnum apolication time 0 0.0

~ B Aulomatic gain control

Oparator length [ms] 1000.0
Type of AGC scalar MEAN =
Basls for scalar application CEMTERED

T Save AGC cosfficients to datasst - T

v Trace equalization

iU U0EUDDOENE Y -

Basls for scallng MEAMN
Time gate start time [ms] 0.0
Time gate end time [ms] 0.0
v | Time vanant scaling
Spedfy gain function alang trace {ifms]} o

o bk Cancel

Using the Trace Output module, save the resulting trace to a separate dataset named

Select dataset... *

Object(s): |sp0_cor_stad< |

hd

Set filter text (you can use *and ? wildcards) ||

» -3 ‘ [] show objects from sublevels

v & My Borehole = MName Location race cour Sorted by Crea
v [= spo = spO_raw SPO < My Bo.. 876 FFID : OFFSET 2022-03
& 010_data_load - spO_PRT SPO < My Eo.. DEPTH : CHAN | 20

2 020 yiew_data = sp0_decon_impulse SPO < My Bo.. 1 CHAN : DEPTH  2022-03
€2 030 fbpick = sp0_P_wave_ug SPO < My Bo.. 292 CHAM:DEPTH  2022-03

4% 040 3C_Orientation+S... r
= sp0_ug_nmo SPO < My Bo... 282 DEPTH 2022-03
et 050_signature_for_dec...
% 060_deconvolution_test
i 070_ug PP
Leh 080_velocity_model
% 090_ug_and_ug_nma_...
4% 100_cor_stack_trace v||€ >
Cancel

The Screen Display module at the end of the flow provides visual monitoring of the results. The
result of running the flow is shown in the figure below:
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[ 100_cor_stack_trace < SPO < My Borehole < My VSP Project  [17:32:57] - u] X

Zoom Common parameters... View Tools Exit/Stop flow  Exit Help

e SRS S SR

Tr0  Sam:2734 Amp:0.56  £2734ms

The corridor stack trace we created will now be used for tying VSP data to surface seismic data.
Since it is more convenient to perform the tie using a “pseudo-section” made up of multiple identical
traces rather than a single trace, we will generate such a section in a new flow named 110 — cor sum.

In the new flow, add several Trace Input modules, each of which will load the same corridor
stack trace. Then use the Trace Header Math module to assign a unique index to the reflected wave field.
This index will make it easier to distinguish between different data types when they are displayed
together. Choose an unused integer-type header for this purpose; in this example, we set the value of the
TRC_TYPE header to 2.

Data Sets Sort Fields

|:| Number of Ensemble Fields
1

Note: Ensembles will be defined
by this number of sort fields.

Add dataset...

Datasets masks | |

" Selection

Add mask... | |
" Select from file |

I Load headersonly [ From batch list

" Database object
[~ Memory resort Buffer size (MB) |0 1 |

v Getal

oK | Cancel |

Using the Trace Output module, save the result to a new dataset —
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Select dataset... X

Object(s): ‘spu_mr_summ |

E‘Set filter text (you can use *=and ? wildcards) ”

» 3 ‘ [ show objects from sublevels

v 1&t My Borehole -~ Name Location  race cour  Sorted by Crea
v [= spo = sp0_raw SPO < My Bo... 876 FFID : OFFSET 2022-03
& 010_data_load = spO0_PRT SPO0 < My Bo... 876 DEPTH : CHAN | 2022-03
£} 020 view data = sp0_decon_impulse SPO < My Eo... 1 CHAN :DEPTH  2022-03
&% 030_fopick = sp0_P_wave_ug SPO < My Bo... 292 CHAN :DEPTH  2022-03

3% 040_3C_Orientation+5... -
= sp0_ug_nmo SPO = My Bo.. 292 DEPTH 2022-03

& 050_signature_for_dec...
% 060_deconvolution_test
&% o70_ug_pe

& 080_velocity_ model

& 090_ug_and_ug_nma_..
{53 100_cor_stack trace wvll€ >

= dt : DEPTH

sp0_cor_stack

Cancel

Insert the Screen Display module at the end of the flow to display the output dataset on the screen.

The flow will look like the following:

RadExPro 20214 >>> My VSP Project - o x

Database Options Tools  Windows Help

3 Processing ) Database Navigator
Project tree X || Processing flow »» My Borehole / SP0 / 110_cor_sum X | All modules x
> 2 @ B BB~ %o~ o>
~ I3l My Borehole Trace Input <~ sp0_cor_stack Datal/O ~
~ [ spa Trace Input <- sp0_cor_stack Static Corrections
Trace Input <- sp0_cor_stack Geometry/Headers

£ 010_data_load

& 020_view_data

€% 030_fbpick

£} 040_3C_Orientation+S_pick

£ 050_signature_for_deconvolution
£ 060_deconvolution_test

£# 070_ug_PP

£ 080_velocity_model

£} 090_ug_and_ug_nmo_waves_display
£ 100_cor_stack_trace

% 110_cor_sum

Trace Input <- sp0_cor_stack
Trace Input <- sp0_cor_stack
Trace Input <- sp0_cor_stack
Trace Input <- sp0_cor_stack
Trace Input <- sp0_cor_stack
Trace Input <- sp0_cor_stack
Trace Input <- sp0_cor_stack
Trace Output -> sp0_cor_summ
Screen Display

59 Flow status

MB1 - Move modules; Ctrl+MB1 - Copy modules; MB1 x2 - Module parameters; MB2 - Toggle modules; Cirl+MB2 x2 - Cut modules; Shift+MB1 - Paste modules

Interactive Tools
Signal Processing
Data Enhancement
Deconvolution
Velocity
Stacking/Ensembles
Migration
Trace Editing
VsP
Qc
3C Processing
Modeling
Data Manipulation
Auto Picking v
a x

The “pseudo-section” generated by the flow may look like this:
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[#d 110_cor_sum < SPD < My Borehole < My VSP Project  [15:36:30] — m] *

Zoom Commeon parameters..  View Tools Exit/Stop flow  Exit Help

AR EE T EEEEEE T E e :

Tr9  Sam:0)  Amp:0 t0ms ~

1000

2000+

3000+

Preparing VSP data for tying to seismic survey data (120 — ug vsp nmo waves for well
tie and 130 —cor stack for well tie).

Before tying VSP data (both reflected wave field and corridor stack trace) to land seismic survey
data, we need to bring the VSP wave field as close to land seismic data in appearance as possible. This
includes modifying the sampling interval, trace length and frequency content of the VVSP traces to be
similar to surface seismic data.

To prepare the reflected wave field, create a flow and name it 120 - ug vsp nmo waves for well
tie. The flow needs to contain the following modules:

e Trace Input

e Resample

e Trace Length

e Bandpass Filtering
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e Trace Header Math
e Trace Editing
e Trace Output

e Screen Display

Www.radexpro.com

RadExPro 20214 > > My VSP Project

Database Options Tools Windows Help

i processing B Database Navigator

Project tree

» a O—

v & My Borehole

v [= spo

£ 010_data_load
£ 020_view_data
€% 030_fbpick
o 040_3C_Orientation+S_pick

£ 060_deconvolution_test
& 070_ug_PP
& 080_velocity_model

&% 100_cor_stack_trace

&% 110_cor_sum

% | Processing flow >> My Borehole / SP0 / 120_ug_vsp_nmo_waves_for wel... X
[5] EB~ %0~ =
Trace Input <- sp0_ug_nmo
ReSample
Trace Length
Bandpass Filtering
Trace Header Math
Trace Editing <- tw
Trace Qutput -> sp0_ug_nmo_for_well_tie

& 050_signature_for_deconvolution

& 090_ug_and_ug_nmo_waves_display

&1 20_ug_vsp_nmo_waves_for_well_tie

55 Flow status

All modules

»

MB1 - Move modules; Ctrl+MB1 - Copy modules; MB1 x2 - Module parameters; MB2 - Toggle modules; Ctrl+MB2 »2 - Cut modules; Shift+MB1 - Paste modules

Data /O *
Real-Time
Static Corrections
Geometry/Headers
Interactive Tools
Signal Processing
Data Enhancement
Deconvolution
Velocity
Stacking/Ensembles
Migration
Trace Editing
VSP
Qc
3C Processing
Modeling

Data Manipulation

7 X

Load the reflected NMO-corrected P-wave field into the flow using the Trace Input module.

Trace Input
—Data Sets —Sort Fields
Mumber of Ensemble Fields
I 1 - I
Note: Ensembles will be defined
by this number of sart fields.
Add dataset... Delete |
Datasets masks Add... | Delete |
@ selection
=
Add mask. .. I Delete | =
i select from file = | I
[ Load headers only [ From batch list -
Datab bject
[~ Memory resort Buffer size (ME) ID atabase object  Choose... | I
i Getal
OK I Cancel I =ta

Then resample the VSP data to a new sampling interval (the same as for the land seismic survey

data — 2 ms) using the Resample

module.
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ReSample

Mew sample rate 2.0

o < B

Mumber of threads e V]

Ok Cancel
Next, set the trace length equal to 3700 ms using the Trace Length module.

G Trace Length x

Mew trace length  3700.0

| 0K Cancel

Next, use the Bandpass Filtering module to adjust the frequency content of the VSP data closer
to that of the surface seismic. VSP usually has more high-frequency content when compared to surface
seismic. Equalization of VSP and seismic data spectra helps ensure a more reliable tie. The filter
parameters should be determined experimentally based on seismic data analysis. In this case, the

following parameters are used:

Bandpass Filtering bt
Filter type Ormsby bandpass filter ~
v Filter parameters
Low-cut ramp: 0% [Hz] 5.0
Low-cut ramp: 100% [Hz] 30.0
High-cut ramp: 100% [Hz] 50.0
High-cut ramp: 0% [Hz] 150.0
Tapering [%] ® 10
Number of threads 0 0
| OK | Cancel

Use the Trace Header Math module to assign a unique index to the reflected wave field, which
will help differentiate between various data types when visualized together. Select an unused integer-
type header; in this example, the TRC_TYPE header is set to a value of 3.

Next, apply top muting with the Trace Editing module. Use the first arrival pick after NMO
corrections (fv) as the horizon that defines the mute.
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Trace Eclitng
Processing mnde
*  Muting paramabers
Muling

Taper window length [ms]

Www.radexpro.com

Muting

Top muting

0.0

Harizan @ My Borshole\SPOVw H | | &4 =
L Carcel

Finally, save the prepared data u

nder the name using Trace Output,

and plot them on the screen using Screen Display. The result of running the flow is shown in the figure

below:

[ad 120 _ug_vsp_nmo_waves_for_well_tie < 5P0 < My Borehole < My V5P Project

Zoom Common parameters..  View Tools  Exit/Stop flov

800 1000

660 00E 69066 00 00 6600 WB

[14:16:52]
Help

-~

1200 1400 1600 1800 2000 2200 2400 2600 2800

DEPTH
5

10001 [k
i

i
iii, LMI'I

Tr106  Sam:358 Amp:0 t716ms

2000] ‘i! !EI: :]‘ ! jii' !-i ';i.]% i:}‘:] I;i ‘ii;i.is :1:‘1; z ,,I, '!1553 ; iii ]i Ii! i 'lq! i
e e I;;,fi ;f‘:;.ga!ujgglfi§1;ll‘i :
: ﬁ@fﬁ] ||*fﬁ%ﬁi"1 e
] 1 i i,}l' ,‘I;;|i| %Hi 1::1351“1111, a“ilil SI“] |!ii Jig‘lliliﬁl 11! i ,s:iiliii““lﬂ i
Il";’1 ']]:I;f . §553'1|1‘ii!5?|’5|?"?i:::t L Iii?;}:];i& ;gii‘!!“iﬂ”g“!iflli'”! ‘]‘ii”il!:!’
e iimr e

Preparation of the corridor stack trace section is performed in a similar manner in a separate flow

named 130 — cor stack for well tie. This flow uses the same modules with identical parameters, except

for three differences: the corridor stack trace is used as input, the TRC_TYPE header is set to 2 via the
Trace Header Math module, and Trace Editing in not needed. Save the resulting dataset as
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BB MedErin 20253 25 e VSF Fruject
Calavase  Options  locls Windows  Help

=% Aembase Haviganr

% Processo ue o e Burslole £ PO 130 0o stack_foi_e L ® | allimody = *
»oa El B-=- || (R
~ B My Borehola Trace Input <- spl cor summ ® Data /0
P Retampla » Real-Time
Trace Length ¥ Static Corrections
£ 010 data load d
5 020 a Bandpass Filtering H Geometry/Headers
2 020 _view_data
B Trace |eader Math H Interactive Tools
& 030 Mpick Irace Qutput -= spl_car_summ_far Wi L Signal Processing
£ 040 3C_Crientation+5_pick Screen Display » Data Enhancement
1 030 signature_tor_deconvolution ¥ Deconvelution
£ 0E0_deconvolution_tast ’ Velocity
2 070_ug_pP » Stack‘lrlga’En?emh_les
. ® Migration
DA veloity_modal N 5P
£ 090 ug and ug nmo waves display 5 3€ Processing
4 100_cor_stack_trace H Modeling
T 110 cor_sum ¥ Data Manipulation
T 120 ug vsp_nmao_waves for well_tie ' Auto Picking
- ¥ Trace Editin
i 130 cor_stack_for well_tie N 9
B Interpalation
51
x| 2= Flowatats A x
+ stack for vl tie @ 130 e ses Torowel e 020 el e @ 30 oo s=es o oewl te W 130 cor_sack_tar el fie £ 4

I My ¥5P Project f My Borehole [ SPO [/ 130_cor_stack_Tor_well_tle — sarbed Wadneschkr, Migust 27, 2025 10037 °M Log
ters of the module Trace Editing |

& e
o Trace Input Tiarnplaes
Lo flowe 13_cor_stack_for_well_tle < SPO < My Barehole Resample P

Offset VSP processing

The purpose of offset VSP processing is usually to separate the reflected P-wave field and build
the migrated VSP and VSP-CMP sections. To process these data, create a second Area for the offset
V'SP shot point in the project database — SP1. The offset VSP data processing flow structure is shown

below:

KD faclbxbro 051 255 > My VS Project - o "
Detebase  Qptions Jools  Windows  Llep

3 Processng ) istabass Mavgator

Project tree *  Processing Flow » = My Barehole / 5P1 7 080_migratiors ® W madules x
o o | B - %~ Bz
~ T My Borehole Data /O *
T1 5RO Real-Time
~ O 5p Statle Corrections |

Geometry/Headers |

0
& 010_data_load Interactive Tools

= Signal Processing

£ 030_tbpick Data Enhancement
040 30 _Orientation+S_pick Deconvo lution
3 050_signature_for_deconvolution Velacity
2 060_deconvalution_test Stacking/Ensembles
- Migration
&3 070_ug PR Trace Editing
# 080_migrations VSP
Qc

3C Processing

Madeling

Data Manipulation
Auto Picking
Interpolation

Marine
Surface Wave Analysis
Rafrartinn ¥

B2 Flow status. g x

As we can see from the flow structure and the names of the flows, offset VSP data processing

before migration is done generally in the same way as zero-offset VSP data processing — data are loaded,

first arrivals are picked, components are oriented, deconvolution parameters are tested, and the reflected
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wave field is separated. The configuration of modules in the flows and their parameters are sometimes
slightly different from those used in the previous case. Such changes are necessary due to specific
properties of certain data, the nature of noise etc. However, the general processing logic remains the
same, so we skip those flows in this section and leave it up to you to familiarize yourself with them.
There are two significant changes in the 070 — ug PP flow. In this flow, the Burst Noise Removal is
replaced by the TFD Noise Attenuation module, as it provides more accurate burst noise attenuation in

this case with the following parameters:

TFD Naise Attenuation b4
~ Time domain options
Processing time interval [ms] 0.0 — 4000.0
Time window width [ms] 50.0
Tapering [%0] 15.0
Use Gauss taper No (0)
v~ Frequency domain options
Processing frequency interval [Hz] 0.0 — 250.0
Aperture [traces] 3
Threshold 1.5
Use muting No (0)
Divide by ensembles No (0)
Parallelize by Time windows
Number of threads @ 1
0K Cancel

Also, we demonstrate an alternative to Apply Statics and 2D Spatial Filtering for the removal of
unwanted parts of the wavefield. In this flow, after removing a couple of events with Apply Statics and
2D Spatial Filtering, we completely remove all the remnants of the downgoing wavefield with the Reject
positive wavenumbers option in the following F-K Filter. This only works on relatively unaliased data.

Note that one can do a more accurate noise wave removal with this module by using polygons or fan

filters (the details can be found in the User Manual).
5 F-K Filter %
~ Filtering type
Method Reject positive wavenumbers
v Distance between traces (DX)
Specification Calculate from geometry headers -
X coordinate header DEPTH ~
Y coordinate header DEPTH v
v~ Rejection coefficient
Suppression by Numeric multiplier -
Coefficient 0.0
Use ensembles No (0) b
Taper window width [%] 10.0
MNumber of threads @ 1
OK Cancel
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Next, we proceed to the 120 — migrations flow which is used to build migrated sections and VSP-
CMP sections.

Building migrated VSP and VSP-CMP sections (080 — migrations)

This flow consists of the following modules:
e Trace Input
e 2D-3D VSP Migration
e Screen Display

First, use the Trace Input module to read the reflected P-wave field generated by the previous
flows:

Trace Input >
Data Sets Sort Fields

Number of Ensemble Fields

f

Note: Ensembles will be defined
by this number of sort fields.

Add dataset... Delete |

Datasets magks Add... | Delete |

{+ Selection

200-10000

Add mask. . | |

" Select from file |
[” Load headersonly [ From batch list

" Database object
™ Memory resort Buffer size (VB) |0 J |
" Getal
oK | Cancel | =ta

Then, use the 2D-3D VSP Migration module. Depending on the parameters, it allows performing
either migration or VSP-CMP transformation.

Use the following parameters to obtain a migrated V'SP section:
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3D V5P Kirchhoff Migration >
Madel file | D:\InData\My VSP P-wave model.mdl Browse... |
Z Start of the image |0 PS waves migration [ 30 output [
ZEnd of the image | 4000 Mute unaccesible area W o
Transform only, do not migrate [ I
Sample interval of the image | 2 !
Straightrays | I
Preferred boundary slope |0
Weights: ' firchhoff, offsetvsp  perivative: & none
Preferred slope range | 2 o~
Kirchhoff, walk away vsp 12
" Inverse distance 1
20 output geometry 3D output geometry
£ by points Grid origin X |':| dx': | 5

Grid origin ¥ | 2 dy: |5
¥' axis azimuth | 0
- ) )
* automaticly, using depth s |5 Ly 200

| 3000

dy: | 10 i
L |Spline oK | Cancel |

To obtain a VSP-CMP section, use the parameters shown in the figure below:

3D V5P Kirchhoff Migration >
Model file |D:\nDataiMy VSP P-wave model.mdl Browse. .. |
Z Start of the image |0 PS waves migration [ 30 output [
ZEnd of the image | 4000 Mute unaccesible area v u
Transform only, do not migrate W I

Sample interval of the image
Straightrays | I

Preferred boundary slope )
Weights: ' firchhoff, offsetvsp  perivative: ™ none

111

Preferred slope range " Kirchhoff, walk away vsp = 12
" Inverse distance 1
20 output geometry 3D output geometry
£ by points Grid origin X |':| dx': | 5

Grid origin ¥ | 2 dy: |5
¥' axis azimuth | 0
- ) )
* automaticly, using depth s |5 Ly 200

| 3000

dy: | 10 i
L |Spline oK | Cancel |

Before running the migration, it might be necessary to edit the previously obtained (with
Advanced VSP Display) My VSP P-Wave model.mdl velocity model file in the text editor of your choice.
By default, the velocity model is built down to the deepest receiver. In order to enable the imaging below
the deepest receiver, we need to extend the last layer of the model. In our case, we add 2000 m to the Z
and Depth columns of the last boundary in the model, changing 2878.85 and 2920 m to 4878.85 and

4920 m respectively. This allows us to include the maximum imaging depth of 4000 m.
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nafy Z Depth
-29.11 18
213.9084 253,094
374.819 414,839
626.043 665.58
778.748 818.625
969.218 1889.54
1402.7 1443.52
1548.84 1589.77
1860.82 19@81.93
2005.31 2046.45
2185.47 2146.61
2199.87 2248.21
2314.01 2355.16
2486.42 2527.56
27@3.16 2744.31
[Ca878.85 4920 |

Vlay
.58421
62979
.72155
85378
.eese7
89797
.55876
2.9236
88649
48946
84913
15521
72514
64296
41119
88952

I

Wl W W W W

Sigma

e
8.162171
2152529
8348049
28386812
0426422
8739681
8261153
8272959
8379922
B678887
8171756
8258378
8233234
2.012506
9.09254142

Soocsssvoeees

Vlayl
58421
62979
72155
85378
2e5e7
89797
55876
2.9236
88649
48946
84913
15521
72514
64296
41119
88952

MR OR PR

[UE R VY R VY R YR WY R VR VY R WY

Sigma2

B
8.162171
8152529
8348049
8886812
8426422
8789681
8261153
08272959
8879922
8678887
8171756
08258378
8233234
8.012506
0.08254142

OO0 00000 0®
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Q
]

-nan(ind)
-nan(ind)
-nan(ind)
-nan(ind)
-nan{ind)
-nan(ind)
-nan{ind)
-nan(ind)
-nan(ind)
-nan{ind)
-nan(ind)
-nan{ind)
-nan(ind)
-nan(ind)
-nan(ind)

The results of computing the migration and VSP-CDP transformation are shown below.

Migration result:

1000

2000

3000

89



RadEXxPro seismic software WWW.radexpro.com

VSP-CMP transformation result:

1000

2000

3000

Note. Data with properly assigned geometry as well as a correct velocity model are necessary for the 2D-3D \VSP

Migration module to run successfully.

In addition to the 2D-3D VSP Migration, RadExPro has a new migration module,
2D VSP/Crosswell Kirchhoff Depth Migration®. It can conduct Kirchoff migration for a variety of VSP
geometries. This module is not limited to 1D velocity models provided by Advanced VVSP Display and
has some additional functionality for migration of downgoing wavefield and crosswell data migration.

Flow 090 — migration demonstrates an application of 2D VSP/Crosswell Kirchhoff Depth
Migration* to obtain a similar migration result to that displayed above. This is a standalone module, so
it does not need any other modules in the flow. In contrast to 2D-3D \VVSP Migration, this module requires
a manual setup of the binning line, so we create a line which starts in the middle between the source and
the well and ends directly at well location with 10 m lateral spacing. This module computes the travel
times for the type of waves being migrated. A dataset for these travel times is created with the name
spl i, Inthis case, we are using the same My VSP P-Wave model.mdl as previously, although a different
velocity model can be used (for example, a 2D velocity obtained from other seismic methods). Other
parameters are set up so that the result is similar to 2D-3D VSP Migration above, the details about the
functionality of this module can be found in the User Manual.

The parameters used in the project are as follows:
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This is the migration result displayed by the flow 095 — migration plot:
10 20 30 40 50 60 70 80

I 20 VSP/Crosswell Kirehholl Depth Migration™
Input datasat My Borehole\SP1spl_P_wave_ug
Qutput dataset My BoreholelSP1\spl_mig
Travel time mode Compute and save to dataset
Wave type e
~ 2D Grid parameters
Start point X coordinate [m] -418.0
Start peint ¥ coardinate [m] 485
End point ¥ coardinate [m] 0.0
End point ¥ coordinate [m] oo
Leteral spacing [m] 0.0
Depth spacing [m] 20
Depth inkerval [m] 0.0 — 40000
~ Travel time computation parametens
Travel time dataset My Borehole\SP1\spl_tt
Travel time decimation factor along x 1
Travel tima decimation factor along z 1
v P-wave velocty Interval, Dept! file 10 F
Source VSP file
VSP file De\InDataiMy VSP P-wave model mdl
Type Interval
Domain Depth
Harizontal velacity smoothing [m] 0.0
Vertical velocity smoothing [m] 0o
Shaping filter type 0
Preferred slope [deg] o
Praferred slope range [deg] 10
Max untapered scattering angle [deg) a0
Man nonzero scattering angle [deg] 90
Welght type Offset
Apply antialiasing Mo (0)
Apply foki normalization Mo (0]
Mute tuming waves Mo (0}
Nurmber of thresds @ 1

s

cbp

EEOEOEEPNUENEYUUNERENNOONENUEEDNUERUEEO «

0

1000

2000

3000
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Tying VSP data to seismic data (Well Tie)

RadExPro 20214 »>> My VSP Project
Database Options Tools Windows Help
4 Processing &4 Database Navigator
Project tree X Processing flow >> My Borehole / Well_Tie / 020_well_tie X All medules
o [ HB~ %o~ I= | LG
v Il My Borehole
= spo
B sp1
~ [ Well_Tie
£ 010_seismic_data_load
% 020_well_tie

5= Flow status

MB1 - Move modules; Ctrl+ MB1 - Copy modules; MB1 x2 - Medule parameters; MB2 - Toggle modules; Ctrl+ MB2 x2 - Cut modules; Shift+MB1 - Paste modules

x

Data /O ~
Real-Time
Static Corrections
Geometry/Headers
Interactive Tools
Signal Processing
Data Enhancement
Deconvolution
Velocity
Stacking/Ensembles
Migration
Trace Editing
VsP
Qc
3C Processing
Modeling
Data Manipulation
Auto Picking
Interpolation
Marine
Surface Wave Analysis

Rafrartinn

g x

v

Loading seismic data into the project (010 — seismic data load)

The flow consists of the following modules with parameters shown below:
e Seg-Y Input
e Trace Header Math
e Trace Output

The SEG-Y Input module loads seismic data into the project from a SEG-Y file:
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SEG-Y Input
—File(s)

pes

File... I Mask...l Delete | Load list... | Save list...

—Sample format
[ Take format from file
I 120 140 R4
v 1BM Floating Point

Sample interval |7-
MNumber of traces |35
Trace length |2048

Use trace
v weighting
factor

[~ Take byte order from file
{* Big-endian byte order (SEG-Y standard)
" Little-endian byte order

I FFID:OFFSET

" selection I’*:’*

Sorted by

& Getal

@ 3Dsurvey ¢ 2D Survey Profie ID

I 1
[~ Remap header values

RECNO,4I,,181/ SOURCE,4I,, 185/ ILINE_NO,41,, 189/ XLINE

[~ Frombatchlist [ Use numeric sort

[ save EBCDIC headers to folder: I

=

OK | Load remap. .. | Save remap. .. |

Cancel |

Let us use the Trace Header Math module to assign a unique index to the seismic data. We will
need this number to perform tying. Besides, since the DEPTH field is meaningless for seismic data, let

us set its value equal to -1 (we will need it when printing the results in the 030 — plotting flow):

Trace Header Math

trc_type=1
depth=-1

Line2 Pos9

]

Cancel |

Check syntax |

Use # for comments
Headers colored blue
Errors colored red

Load template... | Save template... |

Now, save the data to the project database using the Trace Output module:

Select dataset... *
Ohject(s): |seismic_data| |
» R/ | [ show objects from sublevels E|Set filter text {you can use * and ? wildcards) "
v [& My Borehole MName Location Trace count 3
> & spo
> = sp1
> = well_Tie
< >
Cancel
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Tying VSP data to CMP seismic reflection survey data (020 — well tie)

The flow consists of the following modules:
e Trace Input
e Trace Input
e Trace Header Math
o Apply Statics
e Trace Input
o Ensemble Equalization
e Trace Length
e Trace Output
e Screen Display
Let us sequentially read the seismic data ( ), the corridor stack dataset
( ), and the NMO-corrected reflected wave field ( )
using separate instances of the Trace Input module. Specify TRC_TYPE:DEPTH sorting for VSP data
and TRC_TYPE:CDP sorting for seismic data. Specifying the TRC_TYPE header (where we have
already entered a unique index for each data type) as the first sorting field allows the system to read every
data type as a separate ensemble.
Then, move to the Trace Header Math module and set the CDP header field value equal to -1 for
VSP traces (we will need it when printing the results in the 030 — plotting flow).
The next module in the flow — Apply Statics — allows introducing a bulk shift into the data by
shifting the VSP data relative to the seismic data. Leave it commented out for now — we will need it later.
Since VSP and seismic data may have (and do have) substantially different general gain levels,
use the Ensemble Equalization module to equalize amplitudes between ensembles. The module

parameters are shown below:

Ensemble Equalization X

Start time: | 7
End time: | 50000

Morm

* RMS
" Mean
" Max

CK | Cancel |

These parameters mean that ensembles will be normalized by RMS amplitudes calculated for the
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entire trace length (the window starts with 0 and ends with a value we know to be larger than thetrace
length).

Then the data is trimmed to the length of 3500 (the Trace Length module), saved to the project
database as a dataset named (the Trace Output module), and output to the screen using the

Screen Display module with the following parameters:

[%d Display parameters X
—WT VA display mode =
Fromt=|0.0 to |4UUI.’J.I [~ tScale I 10 WA Noranglljlzng fadics ain IF
' .
Mumber of traces qug [~ %Scale I 10 - VW; :E: IEn;fn_edscrleen Bias{%h) I_D
ndividua
[T Rotate ' MNone .
Shiow every I
¥ Ensemble boundaries M-th Erace -
[~ Enable backward frame scrolling ~Variable density display mode

Maormalizing factor
™ Mone

% Entire screen

Ensembles to scroll I 1 " Grey

Gain IU.lE
[~ Variable spacing Field CRpB
| & custom

Bias(%) I 0

r\l g
[T Space to maximum ensemble width " Nane e [~ Show palette
Ensembles’ gap IZ Datajvelocity

[ Muliple panels I {* Display data

ple pa 0 PR E v I —— Palette range —————

| Disply veloaty _ 52t velocty.|
[V Use excursion 2.0 traces Min,vel {mfs) [ 500.0
e vel (mfs) | 1500.0
Axis. .. I Show headers. .. | )

Flot headers. .. I Header mark.. . |

Picks fpolygons settings... I

Save Template I Load Template | Ok | Cancel

The result of running the flow is shown in the figure below:
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(2 020_well_tie < Well_Tie < My Borehole < My VSP Project  [17:30:32] - O X
Zoom Common parameters.. View Tools Exit/Stop flow  Exit Help
(]
0GB EEEsE ™
-100 o 100
DEPT; 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800

-

We can see that seismic and VVSP data are shifted relative to each other. A constant shift needs to

be introduced into the VVSP data in order to tie them to the seismic data. To determine the shift, you can

select the seismic data using the mouse and interactively move it up and down.

To select a trace range, place the mouse cursor at the range start position above the traces, press

the left mouse button, move the cursor to the end of the range while holding down the mouse button, and

then release the mouse button. The selected area will be highlighted in an inverse color palette. The
process of selecting seismic data with the help of the mouse in Screen Display is shown in the following

figure:
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@8 020_well_tie < Well_Tie < My Borehale < My VSP Project  [17:33:59 - O

|Zc|:m Common parameters... View Tools Exit/Stop flow Exit

800 e EE LsE W

Help

DEPT; 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800

-

1000

2000+

Tr31  Sam:0  Amp:129  t0ms

Now “grab” the selected area with the left mouse button and move it down in such away as to
achieve the best possible match between reflections on seismic and VVSP data. To make the comparison

easier, the selected area will be once again displayed in its normal colors when you “grab” it:
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DEPTH
05

1000+

2000+

3000+

After making sure that the reflections match, determine the shift amount by looking at the values
displayed in the status bar. In this case the shift is equal to 100 ms.

Now use the Apply Statics module to introduce this shift with the opposite sign into the VSP
data:

G Apply Statics

dt

Harizon @ oi0:100 H .. |
(1 Relative to time 0.0
Subtract statics Yes (1)
Apply fractional statics No (0)
Maximum number of threads @ 0
ILI Cancel

Running the flow with the Apply Statics module enabled should yield the following results:
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(38 020_well_tie < Well_Tie < My Borehole < My VSP Project  [19:16:02) - o X
Zoom Commen perameters.. View Exit/Stop flow Help
{

et Vi Teols Exit
FEErE6E B0 EW EH 0s WY

DEPT:_ 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800

E

Tr107  Sam:85 Ampid  t170ms

Printing the processing results (030 — plotting)

This flow is used to output the results of VSP and CMP data tie to any printer compatible with
the Windows operating system or to a standard text or image file format: *.pdf, *.jpg, *.tif, *.omp etc.

The flow will consist of a single Plotting module (this is a so-called standalone module that
generates the flow by itself). The module allows adjusting data visualization parameters (sorting, display
method, scaling, amplification, pick and header plot printing, line width, font size etc.), printing text and
graphic labels, and working with all standard print setup functions (including image preview before
printing).

Set the Plotting module parameters as shown below:
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] Plotting parameters x
Dataset
[ Take from batch list | My Borehole\Well_Tie\Tied_data
Sort fields F——
DEPTH ‘j Selection
Add... Cop

=1
Delete ; From t= |[:| to |U (ms)

Display mode
[~ Wariable spacing Additional scalar | 0.3 " WTNVA
€ WT
[v¥ Ensemble boundaries Biaz | 0 VA
Ensembles' gap | 2 traces £ Gray
(" RB
[ Use excursion |2 traces Line width {mm) |0.01 * Custom Define...
MNormalizing Scales . B " ‘ Hori |
eneral Layout... orizons. ..
" Mone T Scale 200 msfcm Y
" Entire set T Axis... Plot headers...
& Individual ¥ Scale 22 traces/om ‘ |
ibile * Axis, .. ‘ Header marks. .. |
Print setup...
[+ Display traces in Layout Preview
Layout Preview...
0K | Cancel |
In the Dataset field, select the dataset generated by the previous flow. In the Sort fields

field, select the TRC_TYPE:DEPTH:CDP headers. The TRC_TYPE sorting key allows the system to
read each data type as a separate ensemble and display data types in a certain order, i.e.: the seismic
profile fragment (TRC_TYPE =1), the corridor stack dataset (TRC_TYPE =2), and the NMO- corrected
reflected wave field (TRC_TYPE =3). The DEPTH sorting key allows us to achieve correct sorting of
VSP data (this will not have any effect on seismic data since we have already set the value of this
field equal to -1 for all seismic traces). The CDP key, in turn, ensures correct seismic data sorting and
will have no effect on VVSP data (since we have set the CDP field value equal to -1 for those data). To
read all data, enter *:*:* in the Selection field.

Set the visualization parameters Ensemble boundaries, Additional scalar, Display mode,
Normalizing, Scales as shown in the figure.

Use the General Layout... option to adjust label and margin parameters. Set the parameters as
shown in the figure:
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General Layout parameters

—General Margins

Left mm

17

Top mim

s

rLabel
[ Left side

|+ Right side

Label font...

i

Text blodk width

mm

.

—Margins
Left |10 i

mrm

Right

17

Top

Fields

Company name I DECO Geophysical

Project Title | My VSP Project

Project Location | My Area

Comments | Well Tie

—Label Logo

BMP fie |

Logo Height | 50

Logo Width | 30

T

mm

mm

¥ Constrain proportions

Logo Position
& Left
" Right

o]

Cancel |

Using the T Axis... options, adjust the visualization and vertical axis title parameters as shown in

the figure:

Tick length (mm) I 2
Tick line width (mm) I 0.2

v Show values

[ Show grid lines

Scale font |

Tick length {mm}) I 1.5
Tick line width {mm} I 0.1

[~ show values

[ show grid lines

Scale font |

T Axis parameters
v Show axis
—Major ticks

Step | 1000
—Minor ticks
Number 10
per primary
~Title
v show title

Tite [t (ms)

Title font |

Using the X Axis... options, adjust the visualization and horizontal axis parameters as shown in

the figure:
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X Axis parameters X
¥ Show axis
(* Linear axis  Field |pEPTH = Step ’m— W Show values Tick length (mm) [3
 Time axis - ’m ; ?;:F:rvear;t I™ show grid lines Tick line width (mm) |[p.1
Minute ’W‘ & Multiple Axis width (mm) | 15
Second ’W‘ Scale font Title font
[+ Show axis
(* Linear axis ~ Field [-pp - Step ’10— ¥ show values Tick length (mm) [3
) (" Different [~ Show grid lines Tick line width (mm) [, 1
Ll RETs ’m " Interval
Mnute [unotE o] ' Multiple Axds width (mm) | 15
Second ’W‘ Scale font Title font
[ Show axis
{* Field ’W‘ step [1p I— Tick length (mm) ’3—
- r Tick line width (mm) [ 7
] e B
Minute ’W‘ 'S Axis width (mm) | 15
seond [ccom <) |
,Tl Cancel |

Select the DEPTH and CDP header fields whose values will be displayed along the horizontal
axis. We have set the tick step on the DEPTH axis equal to 200 and the tick step on the CDP axis equal
to 10. This will result in DEPTH ticks being shown only for VSP traces (DEPTH= -1 for seismic data),
and CDP ticks being shown only for seismic traces (CDP= -1 for VSP data). Set the grid line parameters,
axis title and value mark fonts at your own discretion.

Select the printing device in the Print setup... field.

Use the Layout Preview... option to preview the image before printing.
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Layout preview - o X
File View

X & &

DEPTH 200 400 600 800 1000 1200 1400 1600 1300 2000 2200 2400 2600 2800
| | | 1 | | 1 1 1 | 1 l I |

CDP 10 20 30

DECO Geophysical
My VSP Project
My Area

[Wel Tie

2000

t{ms)

o s ety o+ T ~ e e i —
NS i S i et

If necessary, adjust the visualization parameters without closing the Layout preview window.
Click the Update preview to redraw the preview window.

When you are satisfied with all your settings, close the preview window and click OK in the
module parameter dialog box. To start printing, run the flow using the Run menu command.

The resulting project tree should look like the following:
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v My Borehole
v E SPO

&% 010_data_load
&% 020_view_data
£ 030_fopick
i3 040_3C_Orientation+S_pick
3% 050_signature_for_deconvolution
&% 060_deconvolution_test
% 070_ug_PP
3% 080_velocity_model
% 090_ug_and_ug_nmo_waves_display
&% 100 _cor_stack_trace
% 110_cor_sum

% 120_ug_vsp_nmo_waves_for_well_tie
PTADN s milianidll Bovcas svaiwnllil B

v =1'SP1
£ 010_data_load
&% 020_view_data
% 030_fbpick
%% 040_3C_Orientation+S_pick
% 050_signature_for_deconvolution
&% 060_deconvolution_test
€% 070_ug_PP
% 080_migrations
% 090_migration
%% 095_migration_plot
v [ Well_Tie
&% 010_seismic_data_load
£ 020_well_tie
% 030_plotting
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