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Introduction

This Tutorial is intended for users making their first steps in processing of vertical seismic
profiling (VSP) data with the RadExPro Professional. The Tutorial covers all standard stages of basic
V'SP processing, from data input to building a velocity model of the medium and tying VSP data to
seismic survey data. It is assumed that the user is already familiar with the theory behind the VSP
method and basic technologies employed to process such data. Information on the theoretical
background of VSP and used processing procedures can be found, for example, in the following
literature:

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

All examples in this Tutorial are based on real data that can be downloaded from our website:

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

The archive contains the following source data for processing: offset and zero-offset VSP
seismograms in the SEG-Y format (spO_raw.sgy and spl_raw.sgy), text files containing geometry
(sp0_geom.txt and spl_geom.txt), logging traces in the LAS format (AK.las and RK.las), and a
synthetic seismogram in the SEG-Y format (seimic data.sgy) built based on logging data and used for
VSP data tying.

In addition, you can download a finished project created by completing all the steps described
in this Tutorial:

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

Please note that the program’s facilities are not limited to the set of modules described in this
document. Detailed information on module parameters as well as an overview of other functions
offered by the RadExPro can be found in the RadExPro Professional User Manual available for

download from our website.


https://icedrive.net/s/Sja8V8Y9AZDkGB8ZhvPaawWtwhat
https://icedrive.net/s/6vARjGv3TN7Zx4WDbtT5PTB8k6NA

Input data

Input data consist of the following files:
Near shot point (SP):

sp0_geom.txt
sp0_raw.sgy

Far SP:

spl_geom.txt
spl_raw.sgy

Logging data:

AK . las
rk.las

Seismic data:

seismic data.sgy

Logging data should be presented in a special format. The first line should always start with
an ~A symbol and should contain a DEPTH header (cable depths) followed by logging curve

headers.

Creating RadExPro Professional project

All VSP data processing in the RadExPro Professional takes place within projects. A project is
a combination of input data, intermediate and final processing results, and processing flows organized
into a common database used by the RadExPro Professional seismic data processing package. Projects
are stored in separate directories on the hard disk. When a new project is created, a project directory is
automatically created for it. Projects can be moved between computers by simply copying the
appropriate directory (provided that all used data are stored within that directory).

Let us create a new processing project. Launch the project manager by opening the Starter.exe

file in the installed program folder, and for further convenience, it is recommended to pin this file to
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| = | Manage RadExPro_2021.4 - O
Hame Share View Application Tools
u & cut x Eﬁ B New item - [l Open - [ select all
w.| Copy path « ﬂ Easy access * Edit 10 Select none
Pin to Quick Copy Paste _ Move Copy Delete Rename Mew Properties
access ]ﬂ Paste shortcut to- to- - folder - 3 History E‘F_'Invert selection
Clipboard Organize Mew Open Select
« A » ThisPC » Local Disk (C:) » Program Files » RadExPro_2021.4 v | O 2 Search RadExPro_2021.4
Name . Date modified Type Size
> * Quick access Loy = e P e s e i o
SrmpPred.dll 12/20/2021 1214 PM Application exten.., 255 KB
> @ OneDrive - Personal SrmpPred2.dll , Application exten... 237 KB
> [ This PC SrmpRet.dll 12/20/2021 12:14 PM Application exten... 102 KB
SSAAdI 12/20/2021 1210 PM Application exten.., 113 KE
> ¥ Network starter.exe 12/20/2021 12:11 PM Application 129 KB
Statics.dll 12/20/2021 12:08 PM Application exten... 174 KB
Stolt3Dn.dll 12/20/2021 11:54 AM Application exten.., 216 KB
StoltM.dIl 12/20/2021 12:10 PM Application exten... 69 KB
STransform.dll 12/20/2021 12:01 PM Application exten.., 61 KB
Subtr_m.dll 12/20/2021 12:10 PM Application exten... 118 KB
svml_dispmd.dll 11122020 %:21 AM Application exten... 18,717 KB
SweepGen.dil 12/20/2021 11:533 AM Application exten... 66 KB
swellflt.dll 12/20/2021 1211 PM Application exten.., 72 KB
swresample-2.dll 971172016 2:57 PM Application exten.., 336 KB
swecale-4.dll 9/11/2016 2:57 PM Application exten... 518 KB
SymbDef.dll 12/20/2021 12:07 PM Application exten... 66 KB
SymbolChooser.ocx 12/20/2021 1211 PM ActiveX centrol T3 KB
R Tapeloader.exe 12/20/2021 12207 PM Application 113 KB
463 items 1 item selected 128 KB

Launching the project manager opens a dialog box with a list of registered projects.

RadExPro 2021.4 Project Manager - O *
Registered
Project name Date created Date modified
Create new...
Select from disk...
Remaove from list
Save list... Load list...
Project directory:
| | oK Cancel

Click the Create new button and select a parent directory on the hard disk where a project

subdirectory will be created. Another dialog box will appear, prompting you to enter a project name.
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Mew database >

Title | My VSP Project |

Create subfolder

Make sure the Create subfolder option is checked and click the OK. A subdirectory with the
same name as the project will be created in the selected directory. The project will also appear in thelist

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:

| E:\My VSP Project oK Cancel

Select the project and click OK.
The main RadExPro window showing the project tree will appear. For now, the tree is empty.



seismic software

Www.radexpro.com

RadExPro 2021.4 > > My VSP Project

Database Qptions Tools Windows Help

£ Processing & Database Navigator

Project tree X | | Processing flow
|[_—-|.:I -
v I Areal
~ [=] Line1
£F Flow1
Actions ¥ &3 Flow status

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

* || All modules

Data I/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 ,,

g X

The main RadExPro window contain:
e Window with project tree (Project tree)

e Window with processing flow (Processing flow)

e A window with a list of available processing modules (All modules)

e A window that shows all previous user actions (Actions)

e Flow execution status window (Flow status)

The RadExPro database has 3 structural levels. The upper level corresponds to the project area,

multiple Area. Each Area can include several profiles, and finally, each profile includes several flows.

the middle level — to the profile, and the lower level — to the processing flow. Each project can include

The project tree is located on the left side of the main window and by default contains an area

with one profile and one processing flow (Areal, Linel, Flowl)

Project tree

=

4 |15 areal
4[] Linel
% Flowl

Right-click on the name of the Area (profile, flow) and rename it as you need (or you can use

7
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the hot key F2). In our case, we will call My Borehole.

Project tree x
¥ 2 [[__,|.:|
4 |5 Arpaitl
a [0 Create line...
View map...
5et color...
Clear color
Rename
Copy Ctrl+C
Paste Ctrl+V
Delete Del
Project tree X
¥ & (=

v T My Borehole
v [l LineT
2 Flow1

Then we will rename Linel to our first profile after the name of the first shot point SPO:

Project tree x
» & (O
v I My Borehole

v =] SPD
% Flow1

By analogy with creating an area and a profile, create a processing flow 010 _ data_load
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Project tree x
» oA (]
v [ My Borehole
v [=] SPO
€% 010 _data_load

Due to the fact, that the RadExPro Professional program arranges the names of the structural
elements of the database in alphabetical order, it is reasonable to number the flows so that they are

displayed in the correct logical sequence.

Zero-offset VSP processing

The purpose of zero-offset VSP processing is to separate a 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 pay attention to the center and right side of

the main window

Processing flow * | Al modules =

- - » =

4 Data IfO
Trace Input
Trace Output
SEG-Y Input
SEG-Y Output
S5EG-D Input
RAMAC/GPR
5BEG-B Input
noruc
5BG-2 Input
G55l Input
5C5 2 Input

Suner Gather

| »

m

On the right side of the screen, a list of available processing modules is displayed, divided into
groups, depending on their function: Data I/O (Data Input/Output), Geometry/Headers, Interactive
Tools, Signal Processing. The flow itself is displayed on the left, which is still empty. We will add
processing modules to the flow and then execute it.

Data input into the project (010 — data load)

Let us create a flow consisting of the SEG-Y Input, Trace Output and Screen Display modules
9
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(the SEG-Y Input and Trace Output modules are located in the Data 1/0 group, the Screen Display
module — in the Interactive Tools group). This flow will read data from a SEG-Y file stored on the
hard disk and save them to the project database as a database object — “dataset”.

Modules are added to the flow one by one. To add a module to the flow, simply drag it from the
library on the right to the flow area on the left using the mouse. When you do it, a module setup dialog
box will appear (this dialog box can also be opened later by double-clicking the module name in the
flow). Modules that are already in the flow can be moved up and down by dragging them with the
mouse.

Let us find the SEG-Y Input module in the Data I/0 group and add it to the flow. When we add

the module, a dialog box will open, prompting us to specify the data reading parameters. We will do it

by selecting the data file.
SEG-Y Input et
File(s) Sample format Sample interval |1
.- ‘ ™ Take format from file
[ 11012 C 14 v pg | Number of races |876
___ | [ 1BMFloating Point Trace length | 4000
[ Take byte order from file Use trace

(% Big-endian byte order (SEG-Y standard) v %f:i?;ﬁ”g

(" Lithe-endian byte order

Sorted by FFID:OFFSET

f* Getall " Selection | ==

* 30 Survey ( 20 Survey Profile ID 1

[ Remap header values
RECMNO, 41,181/ SOURCE,41,, 185/ ILINE_NO,41,,189/ XLINE

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

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

oK ‘ Cancel | ‘ |

After we have done adding the SEG-Y Input module, let us add another module — Trace
Output. This module will save the data read by SEG-Y Input to the database. Name the object that will
contain these data and place it on the second database level in the SpO profile.

Note. Names of all database objects (seismic datasets, processing flows etc.) should reflect their nature and contents
instead of being just a combination of a few letters. Names of seismic datasets should consist of two parts — the source data

identifier and the current data processing stage. In our example, the name was chosen for field data input.

10
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Select dataset... >

Object(s): |5p0_raw| |

% - ‘ [] show objects from sublevels E|Set filter text (you can use * and ? wildcards) H

v I My Borehole MName Location Trace count Sorted by Created
v = spo
4% 010_data_load

Advice: To avoid undesirable overwriting of the data in the spO-raw dataset, comment out the
Trace Output module after the first run.
To monitor flow execution, add the Screen Display module to the flow after the Trace Output

module with parameters shown in the picture below:

[%d Display parameters >

—WT/VA display mode
Gain I 0.3

Fromt=|0.0 to |0.n [ tScale |1c| = WTVA

Marmalizing Fackor
' Nome

O wWT = Erti
MNumber of traces I 1o00] T X Scale I 10 Entire screen Bias(e) I—D
| " va € Individual
[T Rotate " MNone .
Show ever
[ Ensemble boundaries Hoth tracey I 1
™ Enable backward frame scroling i ety chepuy mintke

MNormalizing factor
" Mone

¥ Entire screen
" Individual

Ensembles to scroll I 1 ¥ Grey
[~ Variable spacing Field | " RB
" custom  Define. . |

Gain I?
Bias(%a) I 0

[T Space to maximum ensemble width ™ None [ Show paletts
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:

11
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RadExPro 2021.4 »>» My VSP Project - O X
Database QOptions Tools Windows Help
’:} Processing &) Database Navigator
Project tree X | | Processing flow >> My Borehole / SP0/ 010_data_load X All modules x
» & | @ o] EE~- %o~ S Wb » =
v J5 My Borehole SEG-Y Input <- sp0_raw.sgy Datalfo "
~ [ 5P Trace Qutput -> sp0_raw Real-Time
Screen Displa Static Corrections
i 010_data_load play
Geometry/Headers
Interactive Tools

Signal Processing
Data Enhancement
Deconvolution
Velocity
Stacking/Ensembles
Migration
Trace Editing
VSP
QcC
3C Processing
Modeling
Data Manipulation
Auto Picking
Interpolation
Marine

Surface Wave Analysis ,

Actions X | G2 Flow status B x

Add module Screen Display from the list ~
Add module Trace Qutput from the list
Add module SEG-Y Input from the list
Rename flow Flow1 -> 010_data_load at t
Load flow Flow1 < SPO < Mv Borehole  *
< >

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 on the hard disk and saved to the database. The

Screen Display window should look like this:

12
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@ 010_data_load < SP0 < My Borehole < My VSP Project  [16:46:41] — [m]

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

Help

Sl S AN S ] S E= e

1000

20001

Tr442 Sam:0 Amp:0 t:0ms |

/A

Note. When the amount of data read from the file is very big (approaching or exceeding the amount of RAM installed, or
simply close to 1 Gb and over), the Framed mode should be used to read the data into the memory in frames ratherthan all
at once. You can switch over to this mode and specify the frame size using the Framed mode menu item available in the
flow editor.

Assigning geometry

The process of assigning geometry to VSP data consists of determining a number of values
for each trace that are later stored in the specified dataset header fields in the project database. The list
of necessary values and corresponding header fields is provided below:

1.  Depth (DEPTH)
Surface elevation at the source position (SOU_ELEV)
Source position X coordinate (SOU_X)
Source position Y coordinate (SOU_Y)
Surface elevation at the receiver position (REC_ELEV)
Receiver position X coordinate (REC_X)
Receiver position Y coordinate (REC_Y)
Channel number (CHAN)
Virtually any combination of completed trace headers can be encountered in practice.

© N o g b~ w DN

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

The Geometry Spreadsheet tool is used to manipulate seismic data header field values in the

RadExPro, including import of values from text tables.

Select the Database/GeometrySpreadsheet menu item.

v [= spo

[SPO < M
&% 010_data_load

= spO_raw

y Borehole

876 | FFID : OFFSET 2022-03-19 1...

RadExPro 2021.4 >>> My VSP Project - O X
Database Options Tools Help
{5 Processing ) Database Navigator
» A | [ Show objects from subleves B A Lo R A @& ﬂ Set fiter text (you can use * ar Refresh
v T My Borehole Name Location Trace count Sorted by Created Modifitl

2022-03-1

The picture below shows the Geometry Spreads

heet 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 [

When you click on the button E on the toolbar on the right, a list with headings opens, the

elements in which can be selected and dragged with the left mouse button to the table (For more

information about working with the Geometry Spreadsheet editor, see the "User's Guide" for the

program).

Let's add columns of those headers with which we will work now 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):

(receiver absolute depth), and
As a result, the header editor window should look like the following:

(cable depth),

(source absolute depth),

(source X coordinate),

(receiver X coordinate),

(channel number).

(source Y coordinate),

(receiver Y coordinate),

15
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sp0_raw - Geometry Spreadsheet - O
Edit Tools
DEPTH S0U_X SOuU_Y 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
3 30.000000 not assigned not assigned not assigned not assigned not assigned not assigned
4 40.000000 not assigned not assigned not assigned not assigned not assigned not assigned
5  50.000000 not assigned not assigned not assigned not assigned not assigned not assigned
6  60.000000 not assigned not assigned not assigned not assigned not assigned not assigned
7  70.000000 not assigned not assigned not assigned not assigned not assigned not assigned
8  80.000000 not assigned not assigned not assigned not assigned not assigned not assigned
9 90.000000 not assigned not assigned not assigned not assigned not assigned not assigned
10 100.000000 not assigned not assigned not assigned not assigned not assigned not assigned
11 110.000000 not assigned not assigned not assigned not assigned not assigned not assigned
12 120.000000 not assigned not assigned not assigned not assigned not assigned not assigned
13 130.000000 not assigned not assigned not assigned not assigned not assigned not assigned
14 140.000000 not assigned not assigned not assigned not assigned not assigned not assigned
15  150.000000 not assigned not assigned not assigned not assigned not assigned not assigned
16 160.000000 not assigned not assigned not assigned not assigned not assigned not assigned
17 170.000000 not assigned not assigned not assigned not assigned not assigned not assigned

v

To import header values from a text file, select the Tools/Import menu item. The import setup

dialog box will appear. You will need to open the sp0 geom.ixt file and describe the rules for

header field completion in this dialog box.

16
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OTkpbITHE X
™ « 3arpyskm > InData > InData v (&) Mowuck: InData
Ynopsgounte ¥ Hosasa nanka ==« [B 0
A
Wmn Aara namenernna Tun Pazmep
s BbicTpeiit gocTyn )
| ] AK 09.11.2006 19:05 Konduryp... 5KB
@ OneDrive - Personal 1 RK 13.11.2006 16:57 Konduryp... 188 Kb
»i 2 & 70 N0 INNA 12.50 D aik <G 797 KE
> seismic data 28.09.2009 13:58 Daiin "SGY 292 Kb
3 3ror komnbrotep —
[ sp0_geom 13,02.2008 13:04 ®aiin “TXT" 33KB
- USB-vaxonutens (F) ¥ <p0)_raw 13.02. 56 ®aiin "SGY 13 897 Kb
My TAND a - - - e
|g{ sp1_geom 13.02.2 3:19 Qaiin "TXT KB
¥ Cem o S ) -
% spl_raw 13.02.2008 13:58 ®aiin "SGY 3529Kb
Wms paiina: [spO_geom vJ All files v
OTtkpeite Otmena
The contents of the file will be displayed in the import window:
B Import Headers X
Matching fields Assign fields Lines I [~ Load
Add... Add.. Fom [[0 - -
4 To | 0 =
s
P
4 Q Text table type @]
(¢ Delimited 10
Multiplier Multiplier " Fixed width
(1, 1) Column: 1
DEPTH SOU_X sou_y SOU_ELEU REC_X REC_Y REC_ELEU A
10.00000 -108.88000 57.44000 -21.38000 0.00000 0.00000 -29_11000
20.00000 -168.88000 57.44000 -21.38000 6.00000 6.00000 -19.11000
30.00000 -168.88000 57.44000 -21.38000 6.00000 6.00000 -9.11000
40.00000 -108.88000 57.44000 -21.38000 0.00000 0.00000 -0.89000
50.00000 -108.88000 57.44000 -21.38000 0.00000 0.00000 10.88000
60.00000 -168.88000 57.44000 -21.38000 6.00000 6.00000 20.88000
70.00000 -168.88000 57.44000 -21.38000 6.00000 6.00000 30.88000
80.00000 -108.88000 57.44000 -21.38000 0.00000 0.00000 40.87000
90.00000 -108.88000 57.44000 -21.38000 6.00000 6.00000 50.87000
100.00000 -168.88000 57.44000 -21.38000 6.00000 6.00000 60.86000
110.00600 -168.88000 57.44000 -21.38000 6.00000 6.00000 70.86000
120.00000 -108.88000 57.44000 -21.38000 0.00000 0.00000 80.85000
130.00600 -108.88000 57.44000 -21.38000 6.00000 6.00000 90.85000
140.00600 -168.88000 57.44000 -21.38000 6.00000 6.00000 100.84000
150.00600 -168.88000 57.44000 -21.38000 6.00000 6.00000 116.84000
160.00000 -108.88000 57.44000 -21.38000 0.00000 0.00000 120.83000
170.00600 -168.88000 57.44000 -21.38000 6.00000 6.00000 130.83000
180.00600 -168.88000 57.44000 -21.38000 6.00000 6.00000 146.83000
190.00600 -168.88000 57.44000 -21.38000 6.00000 6.00000 150.83000
200.00000 -108.88000 57.44000 -21.38000 0.00000 0.00000 160.82001
210.60000 -168.88000 57.44000 -21.38000 6.00000 6.00000 170.82001
220.00000 -108.88000 57.44000 -21.38000 6.00000 6.00000 180.82001
230.00000 -108.88000 57.44000 -21.38000 0.00000 0.00000 190.82001
240. 80000 -108.88000 57.44000 -21.38000 0.00000 0.00000 200.82001 v
‘ Cancel | Load template... J Save template... ‘ File... I

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 find the required trace, and Assign fields are the headers of the
found trace to which values will be assigned. We need to set both lists, and then assign each of the
headers to the desired column in the file
To do this, add the field to the Matching fields list (by clicking the corresponding Add
button and selecting it from the list), and the
fields to the Assign Fields. Then you will need to specify which text file columns the
fields specified in the text lines above the Set column buttons should be read from. (By the way, if you
place the cursor in the appropriate column and click Set column, the column number will be entered
automatically). Finally, you will need to specify the range of lines from which the program will read
values in the Lines: From, To parameter group. An example of correct parameter completion is shown

in the picture below.

B | Import Headers
Matching fields Assign fields Lines I” Load with 1D interpolation W
Add... Add... | From J 2 DEPTH DEPTH
Delete Delete ‘ To | 293
&
o
Set column Set column Text table type -
1 7 % Delimited 10
Multiplier | 1 Multipher |1 " Fixed width
(293, 43) Column: 3
DEPTH sou_x sou_y SOU_ELEU REC_X REC_Y REC_ELEU
10.008080 -108.88000 57.44000 -21.38000 0.00000 0.00000 -29.11000
20.00000 -108.88000 57 .44000 -21.38000 0.00000 0.00000 -19.11000
30.00000 -168.88000 57.44000 -21.38000 0.000080 0.00000 -9.11600
L4LO.00008 -108 .88000 57 .44000 -21.38000 8.00000 0.00000 -0.89000
50.00000 -108.88000 57 .44000 -21.38000 0.00000 0.00000 10.88000
60.00000 -108.88000 57 .44000 -21.38000 0.00000 0.00000 20.88000
70.00000 -1068.88000 57.44000 -21.38000 0.00000 0.00000 30.88000
80.00008 -108.88000 57 .44000 -21.38000 8.00000 8.00000 40.87000
90.00000 -108.88000 57.44000 -21.38000 0.00000 0.00000 50.87000
100.00000 -108.88000 57 .44000 -21.38000 0.00000 0.00000 60.86000
110. 00000 -1068.88000 57.44000 -21.38000 0.00000 0.00000 70.86000
120.00000 -108 .88000 57 .44000 -21.38000 8.00000 0.00000 80.85000
130. 00000 -108.88000 57 .44000 -21.38000 0.00000 0.00000 90.85000
140. 00000 -108.88000 57 .44000 -21.38000 0.00000 0.00000 100.84000
150. 00000 -1068.88000 57.44000 -21.38000 0.00000 0.00000 110.84000
160.00000 -108.88000 57 .44000 -21.38000 8.00000 8.00000 120.83000
170.00000 -108.88000 57 .44000 -21.38000 0.00000 0.00000 130.83000
180. 00000 -108.88000 57 .44000 -21.38000 0.00000 0.00000 140.83000
190. 00000 -1068.88000 57.44000 -21.38000 0.00000 0.00000 150.83000
200.00000 -1608.88000 57 .44000 -21.38000 8.00000 8.00000 160.82001
210.00008 -108.88000 57 .44000 -21.38000 0.00000 0.00000 170.82001
220.00000 -108.88000 57 .44000 -21.38000 0.00000 0.00000 180.82001
230.00000 -108.88000 57 .44000 -21.38000 0.00000 0.00000 190.82001
240.00000 -1608.88000 57 .44000 -21.38000 8.00000 8.00000 200.82001
oK ‘ Cancel | Load template... ‘ Save template... | File...

The program performs the following actions when importing header field values from a text
file. All fields used to determine the trace (matching fields) as well as all fields to be changed (assign
fields) are read from the specified columns in each text file line. All traces with header field values
listed in Matching fields exactly matching the values read from the line are determined in the
specified seismic dataset. Then the values read from the line are entered into the changed headerfields
(Assign fields) for all these traces.

Before importing geometry, click Save template... in the lower right corner of the dialog box. A
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new dialog box will open. Select My Borehole in the Location field and enter the name -

template.

in the Object name field. This will save all header values to the database asa

»

Save template...

Object(s): |geometry_temphte

DShowobjecsfrcmsubleve!s g‘, ou can use * and

v I& My Borehole
v [ spo
€% 010_data_load

Name

Location

o[ o

After saving the template, click the OK in the Import Headers dialog box. Double-click the

field in the sp0_raw-Geometry Spreadsheet window to sort the depth in the ascending order.

As you can see now, each depth value is repeated 3 times for each channel.

sp0_raw - Geometry Spreadsheet *

Edit Tools

DEPTH

1 10.000000
2 10.000000
3 10.000000
4 20.000000
5  20.000000
6  20.000000
7 30.000000
8  30.000000
9  30.000000
10 40.000000
11 40.000000
12 40.000000
13 50.000000
14 50.000000
15 50.000000
16  60.000000

17  60.000000

SOU_X

-108.880000

-108.880000

-108.880000

-108.880000

-108.880000

-108.880000

-108.880000

-108.880000

-108.880000

-108.880000

-108.880000

-108.880000

-108.880000

-108.880000

-108.880000

-108.880000

-108.880000

SOuY

57.440000

57.440000

57.440000

57.440000

57.440000

57.440000

57.440000

57.440000

57.440000

57.440000

57.440000

57.440000

57.440000

57.440000

57.440000

57.440000

57.440000

SOU_ELEV REC X
-21.379999 0.000000
-21.379999 0.000000
-21.379999 0.000000
-21.379999 0.000000
-21.379999 0.000000
-21.379999 0.000000
-21.379999 0.000000
-21.379999 0.000000
-21.379999 0.000000
-21.379999 0.000000
-21.379999 0.000000
-21.379999 0.000000
-21.379999 0.000000
-21.379999 0.000000
-21.379999 0.000000
-21.379999 0.000000
-21.379999 0.000000

REC_Y
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

-29.110001 2

1

-29.110001 3
-19.110001 1
-19.110001 2
-19.110001 3
-9.110000 1
-9.110000 2
-9.110000 3
-0.890000 1
-0.890000 2
-0.890000 3
10.880000 1
10.880000 2
10.880000 3
20.879999 1
20.879999 2

CHAN

~

x

S M

You can save the changes to the database by using the Edit/Save changes menu option or

clicking Yes in the dialog box prompting you to save the changes when exiting the Geometry

Spreadsheet.
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Save headers

Yes 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
i} processing ) Database Navigator
Project tree
» 2 =

v &l My Borehole
~ [ SPO
€% 010_data_load
% 020_view_data

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

<

Trace Input

Select the dataset named

D momn m £lmcse Elnaas B AW sbimans b =i

Help

X | Processing flow >> My Borehole / SP0 / 020_view_data X  All modules
ﬂ = El_D - EE » 2
Trace Input <- sp0_raw
Screen Display

50 Flow status

x

~

.
bham liw

— O X
x
Data /O *

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

VSP v

F x

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

in the module setup dialog box. Specify the and

headers in the Sort Fields field — data will be sorted by channel number at the flow input and

by depth within each channel. Set the selection range in the Selection field: enter *:* (these symbols

mean reading the entire data range for both headers).
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Trace Input X
Data Sets Sort Fields
B ' 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 consist of components (X, Y, Z), control instrument readings, and auxiliary channel records.
All this information can be stored in headers (CHAN, COMP...). Generally, the X, Y, Z components can be selected from
the dataset by sorting.

However, situation may occur when this will not be the case, and the Trace Header Math module used to perform
mathematical operations on header values will be necessary to select the X, Y, Z components. Operations are specifiedin the
form of equations (for a detailed module description, see the RadExPro Professional User Manual).

Let us assume we have a situation where channels 1 through 3 contain control instrument readings and all other
channels contain information on the X, Y, Z components. We will construct the following expression allowing us to
complete the comp header field with the X, Y, Z component indexes (if they haven’t been completed already):

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

In this case we are using the cond(c, X, y) function — if the condition is true, the function returns x, otherwise it
returns y, — and the fmod(x, y) function returning the residue of division of x by y. Now the value of header field COMP=1
will correspond to the X component, COMP=2 — to the Y component, and COMP =3 — to the Z component. After these
transformations, the next flows and modules working with the X, Y, Z components will use sorting by the COMP field.

This is a simplified example where the first channel (CHAN=1) corresponds to the X component, the second one —
to the Y component, and the third one — to the Z component. Therefore, from now on we will use this header to sort our
data.

Screen Display

The visualization parameters are shown below:
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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 traces

2.0

AXis... ] mnwheaders...l

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

Picks fpolygons settings... I

K
WT/VA display mode o O LI
C wrva € MNone o |0-3
O WT ¥ Entire screen Bi i I
ChiLre stiee blasi o) 0
r‘ VA r ]—'I-ilII |-| 15
% None
Show every II_
M-th trace
::we e Normalizing factor — Gain IW
Grey " None .
" RB {¥ Entire screen I
— Bias(%) |0
" Custom _Define. . I " ndivicual
N [™ Show palette
Data/velodty
& &ﬂjay data Palette range
 Display velo -
Sy N Min.vel (mys) |500-D
Na, vel (mys) I 1500.0

saveTempiate | LoadTemplate || ok |

Cancel I
Click the Axis button to set up axis parameters.
Axis Parameters
Time Traces 1
dt  values Lines DEPTH O Different 9x  Values
Primarylines | [200 W [ —om | e |4°°'° V
200 & mitple
Secondarylines || 100.0 [ [ (+ Different
CHAN | € 1nterval [100 W
" Multiple
Font size |15 ~Margins
[ ok |  cancel | L;Z;ff[ﬁmﬁgr:’fﬁm

To run the flow, select the Run menu command. The result should look like the following:
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020_view_data < SPO < My Borehole < My VSP Project  [11:30:01] = (] X

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

80 A cEEeeEELEE O™ A

DEPTH 400 800 1200 1600 2000 2400 2800 400 800 1200 1600 2000 2400 2800 400 800 1200 1600 2000 2400 2800
CHAN 1 2 3
0 Ry ey

2001

4001

600

800
10001
1200
14007
1600
18001
20004
2200+
24001
26001
2800+
3000+
32007
34001
3600+
38004

Tr:659 Sam:0 Amp:0 t0ms 4V

Here we see the data sorted by channels (components).

Picking P-wave first arrivals (030 — fbpick)

Create a new 030-fbpick flow consisting of the following procedures:
e Trace Input
e Resample
e Trace Length

e Screen Display
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RadExPro 20214 »>>> My VSP Project
Database Options Tools Windows

&} Processing B Database Navigator
Project tree
» a (O
v &l My Borehole
v [=] SPO
€% 010_data_load
% 020_view_data

€% 030_fbpick

Actions
Add module Screen Display from the list
Add module Trace Length from the list

AAA cmmdeihn DA€ il $rminm 4 Lt

<

Help

X | Processing flow >> My Borehole / SP0 / 030_fbpick x

IE B ~ To -

All modules

EE Nk » A

Trace Input <- sp0_raw

ReSample
Trace Length
Screen Display

50 Flow status

x

~

v
>

- ] X
x
Data I/0 *

Static Corrections
Geometry/Headers

Interactive Tools

Signal Processing
Data Enhancement

Deconvolution
Velocity

Stacking/Ensembles

Migration
Trace Editing
VSP v
& X

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

Select the Trace Input module parameters as shown below. Select sorting by channel number

and depth —

— the same way you did for the previous flow. Only the Z component will

be processed in this flow. This will be achieved by limiting the selection range to the third channel

only — enter 3:* sorting in the Selection field.

Trace Input

Data Sets

Add dataset...

pU_raw

- »

Delete |

Datasets masks

Addmask... |

™ Memory resort

[ ]

7 Loadheadersonly [~ From batch list

Buffer size (MB) | 0

Cancel |

Sort Fields

CHAN m Number of Ensemble Fields

1 - I
—L Note: Ensembles will be defined
‘ by this number of sort fields.
Add.. |  Delete |
+ Selection
i

" select from file | |

(" Database object | [

" Getal

To increase the accuracy of determining the first arrival times, it is advised to first resamplethe

data to a considerably smaller sample interval. To do this, we will use the Resample module. Enter the

New sample rate value — 0.1 — in the module parameter dialog box.
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ReSample >

New sample rate: Iﬂll

Number of threads: ||[iu‘to} v |

oK Cancel

Since we are interested only in the first arrival times at this stage, we will limit the recording
length to 2,000 ms to speed up the flow execution. Do this by specifying the appropriate value in the
New trace length field of the Trace Length module.

Trace Length Parameters - X

New tace length: |2|:||JD_E||JEIUEICI
DK Cancel |

The last module in the flow is Screen Display which will allow us to view the first arrivals

interactively in the module window. Specify the module parameters as shown in the picture below.

@ Display parameters K
~WT/VA display mode = ;
Fromt=[0.0 to [0.0 [ tscale [10 C WTVA e i) Felse ain [0.3
C wWT EBIEnHre ey e
Number of traces | I~ X Scale | 0 E SCreen ’_|
00 0  va 1 fus
o * None
¥ Ensemble boundaries M-t . -
I~ Enable backward frame scroling R e '
~Variable density display mode -
Normali factor .
Ensembles to scroll | 1 * Grey - Nmzng Gain |p.3
. ) - )
[~ Variable spacing Field | R/B {* Entire screen Bias(%) |0
ble vid € custom Do || ndviduel o

I~ Spac n ensembile width " None [~ Show palette

Erwenties g0 | 2 Dataj/velocity
[~ muliple panels ID * Display data _ _
IV Use excursion 2.0 traces " Display velocity —II Mimvel \ Isc..j,.;.

day . vel | 1500.0
Axis. .. I 910wheaders...l |
Plot headers... | Header mark... |
Picks/polyaons settings. .. |
Save Template | Load Template | | Ok I Cancel

Click Run. The results of executing the flow are presented below:
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[ 030_fbpick < SPO < My Borehole < My VSP Project ~ [11:39:35]

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

800 /60 56006 60 0N 68 08 Ce I

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

10001
12007
14007
16007

1800+

Tr16  Sam:2320 Amp:118  +:232.0ms VA

For first arrival picking, adjust the image zoom using the Zoom menu item.
The Tools/Pick/New pick (the hot key N) menu item allows creating a new pick. Use the

Tools/Pick/Picking parameters menu item to select picking parameters.
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| fhpick < < orehole < roject 38 —

[ 030_fbpick < 5PO < My Borehole < My VSP Proj [11:58:44] O *
Zoom Common parameters.. View Toels  Exit/Stop flow  Exit Help
— — i 5 —_— | e | ~
V[EN] SEE T SEE Y

Spectrum ¥
Pick » |« Edit picks M
QC polygons > MNew pick N
DEPTH Wells... Delete pick Del
oT Static corrections > Load pick... Ins
Apply procedure > Load pick w/interpolation...
200+ Amplitude editing > Collect picks
Trace Header Math... Save pick
Syncronize > Save pick as... 25
blavigate > Load from header...
Reflect header changes in... Save to header{dataset)...
Reflect ident. fields... Save to header(flow)...
Text hint... Export pick...
8oor Import pick
Save image parameters... mpart piek...
Save image (Ctrl + 1) Pick headers...
1000+
1200+
1400+
16007
1800+
Tr68  Sam0  Amp:0 | g

We will perform picking of the first zero crossing (from + to -) in phase 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 RadExPro Professional User Manual):

Picking parameters

—~Mode
" Manual

& Auto-Fil " Draw

" Hunt

" Linear Fill Eraser

" Draw along phase

X

Hunt opkions
¥ Correlation Test

Local maximum level I 0

Halt thresholdl 0.6 Correlation window (ms) I 50

[~ Ensemble boundaries

rHunt direction

<<||§> >>I

—Parameters —Smoothing

" Peak " Zero: Neg2Pos Window length | 3 points.

" Trough % Zero: Pos2Neg T e s

Guide window length |0 [ Marks only Line style | Label picks

[ o |

Perform picking of first arrivals as shown below:
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[ 030_fbpick < 5PO < My Borehole < My VSP Project  [11:58:44] — O

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

Help

CEEEEOe X

G- [e=

DEPTH
o__

2007

1000+

1200+

16007

Tr29 Sam0 Amp:-737  t0.0ms |

Use the Tools/Pick/Save as menu item to save the pick under the name of fbpick on the second
database level (SPO0). In the RadExPro picks are tied to traces by 2 headers, since two headers usually
allow identifying a trace uniquely (for instance, channel number — cable depth in VSP or CMP number
— offset in CMP seismic reflection surveys). However, in this case we want to create a pick that will be
tied only to the cable depth so that it can be used for all components the same way. In Pick headers tab
you need to select DEPTH headers containing cable depth values both in the left and right fields of this

dialog box.
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B Sawve pick to... X

Object(s): |ﬂ:pid<.| |

£

Set

% 2 [[] show ohjects from sublevels E

ter text (you can use * and ? wildcards) ‘

v I My Borehole Mame Location Length Headers Style
v = spo
2% 010_data_load
{5¢ 020_view_data
i3 030_fbpick

Save all

[+] Append Pick headers: | DEPTH ~ | = DEPTH -

Cancel

Save selection

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

orientation+S pick)

A convenient way of determining the first arrivals of P- and S-waves more accurately is to
convert PM-VSP (polarization method) seismograms to the PRT system by orienting the P- component
towards the maximum energy in the window. In such a system the P-component is oriented towards the
source; this results in the maximum P-wave energy concentrated on the P- component. The
perpendicular R-component contains the maximum S-wave energy, making it convenient to pick
downgoing and reflected S-waves by this component. The T-component containsnoise energy and a
small amount of useful wave residual energy.

To convert a VSP seismogram to the PRT system and determine the S-wave first arrival times,

create a 3C Orientation+S pick flow.
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RadExPro 20214 >»> My VSP Project - u] X

Database Options Tools Windows Help

3 Processing B Database Navigator
Project tree X Processing flow >> My Berehele / SPO / 040_3C_Orientation+5_pick X | All medules x
= B~ T~ b
v & My Borehole Trace Input <- sp0_raw Data I/O *
~ = spo SSAA Real-Time
3C Orientation Static Corrections
Trace Output -> 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
Surface Wave Analysis

% 010_data_load
&% 020_view_data

Actions X 52 Flow status g x
Add module Screen Display from the list ~

Add module Data Filter from the list

Add module Trace Qutput from the list

Add module 3€ Orientation from the list

Add module SSAA from the list i
< >

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 will consist of the following procedures:
e Trace Input
e SSAA
e 3C Orientation
e Trace Output
e Data Filter
e Screen Display

The main module of the flow — the 3C Orientation — allows converting PM-VSP seismograms
to the PRT system by orienting the P-component towards the maximum energy in the window
containing the downgoing P-wave.

To perform conversion to the PRT system, the module sequentially obtains traces
corresponding to the same depths from the X, Y and Z components. The length of the window in
which the energy is calculated is specified by the user in the module setup dialog box. The window for
each trace starts with the P-wave first arrival time at the current depth. This time should be recorded in
the header field of each trace.

The procedure of orientation to the PRT system should be preceded by the Trace Input (to input
properly sorted data into the flow) and SSAA (to move the first arrival pick to the header
field) modules in the flow. After conversion the seismic traces are saved to a new dataset, and the
result is shown on the screen.

Select the dataset and DEPTH:CHAN sorting in the Trace Input module setup dialog
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Trace Input
Data Sets Sort Fields
DEPTH Mumber of Ensemble Fields
1 -
Note: Ensembles will be defined
by this number of sort fields.
Add dataset... Delete |
Datasets masks Add... Delete |
% Selection
*: =
add mask... |

I Load headers only

™ Memory resort

OK |

| " Select from file |

[ From batch list

Buffer size (MB) |0

Cancel |

" Database object |

" Getal

The SSAA module is used to calculate seismic attributes within a specified-size window

along the specified horizon. The calculated attributes are written to seismic trace headers. In our
pick times to the FBPICK header field for each trace in

example we will use the module to write

the flow. To do this, select the Pick amplitude time attribute that will be calculated and saved to the

FBPICK header field. Select a sufficiently small window width (0.0001 ms) to ensure that only the

first arrival pick falls within the window.

The first tab of the Attributes module setup dialog box should look like the following:

Atributes l Horizon ]

Attributes

Attribute Trace header
™ Peak frequency ’—_| [~ RMS Amplitude ’—_|
™ Centroid frequency ’—_| ™ Pick amplitude ’—_|
I~ Apparent frequency ’—_| ¥ Peak amplitude time FBPICK -
I Visible frequency ’—_| I~ Trough amplitude time ’—_|
[ Bandwidth ’—_| I~ Max. absolute amp. time ’—_|
I Peak amplitude ’—_| ™ S/N Ratio ’—_|
I Trough amplitude ’—_| I Resolving power ’—_|
I~ Max. absolute amp. ’—_| [ Time shift ’—_|
Window length |0.0001 ms
+ Symmetric T Up " Down

Sa\retemplate| Loadtemplate| QK | Cancel |

Select the

horizon on the second Horizon tab as shown in the picture below:
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Attributes  Horizon l

% Pick in database Select... fbpick
" Trace header

" Specify

Save template | Load template | QK | Cancel | |

Set the Window length value equal to 10 ms in the 3C Orientation setup dialog box. This is the
size of the window (from the first arrival down) inside which the energy will be measured. The
window width (offset from the first arrival in ms) should match the P-wave first arrival wavelet length.
Choosing too small window size will result in unstable operation of the procedure. If the window is too
large, it will include not only the downgoing P-wave, but also other waves such as those reflected from
the adjacent boundaries or those refracted on the boundaries with mode- exchange.

All other parameters of this module (XY Rotation, YZ Rotation, ZX Rotation) should remain
unchanged in this case. These parameters specified in degrees allow additional rotation of the
coordinate system in the corresponding directions.

The module setup dialog box should look like the following:

‘wiindaw length: |1 il

#¥ Rotation: |0.000000

Z Riotation: |0.000000

#Z Riotation: |0.000000
Ok | Cancel ‘

As a result of running the procedure, traces with CHAN=3 will contain the P-component, traces
with CHAN=2 will contain the R-component, and traces with CHAN=1 will contain the T- component.
Select Trace Output as the next procedure in the flow to save the orientation results to the

database on the SPO level under the name as shown in the picture below:
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Select dataset...

*
Object(s): [spo_PRT] |
% & ‘ [] show objects from sublevels E‘Set filter text (you can use * and ? wildcards) H
v I My Borehole Mame Location Trace count Sorted by Created
~ [= spo SPO < My .. FFID : OFFSET 2022-03-11 1.

2% 010_data_load

{5¢ 020_view_data

i3 030_fbpick

3} 040_3C_Orientation+5_pick

Cancel

The rest of parameters ensure reliable display of the results on the screen. The Data Filter
module allows selecting the necessary traces based on header field values. In our example we need to

display the data for each component separately. The picture below shows the module parameters that
allow selecting only the R-component from the data:

Data Filter X

() No filter
(®) Match selection
(O Do not match selection

chan

[ Take values from file:

Cancel

The flow should end with the Screen Display procedure to visualize the data. The dialog box
parameters are shown below:
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[ Display parameters X
—WT/VA display mode —

Fromt= 0.0 to |n.0 [™ tscale | 10 WA Nrﬂr;\lnglljling fackar . IF
OwWT = Erti

Mumber of traces ISU[J [~ %Scale I 0 Entire screen Bias(®) I—D
 va € Individual

[ Rokate &+ None :

Show every I
™ Ensemble boundaries h-th krace '
™ Enable backward frame scroling e vty ey el

Mormalizing factor
" MNone

% Entire screen
" Individual

Ensembles to scroll I 1 ' Grey
[ variable spacing Field I CREB
" Custom | Define... |

Gain IF
Bias(%) I 0

™ space to maximumn ensemble width " Mone [~ Show palette
I_Ensembles' gap IZ_ Datafvelocity
Muliple panels o % Display data
- . I— . . Diza: velocity set velotity. . | Palette range —————
Se excursion 2.0 aces Mir. el (rnfsy | 500.0

e, vel (s I 1500.0
Axis. .. I Show headers. .. | )

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

Picks fpolygons settings... I

Save Template I Load Template | Ok I Cancel

Axis Parameters

Time — Traces dx Valnes
dt  values Lines " Different
" Interval v
Primary lines IIUU.U T2 200.0
& Multiple
Secondary lines IlUU-U - " Different
field | & mterval Imu,g V
" Multiple
Font size I 15 )
—Maragins
Left axis Top axis
Ok I Cancel I —— IE mm i IE o

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

and T component images as shown in the pictures below:

CHAN=3 (P-component)
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[ 040_3¢C_Orientation+S_pick < SP0 < My Borehole < My VSP Project  [16:24:38] - m] X
Zoom Common parameters.. View Tools Exit/Stop flow  Exit Help
@ i =] a 2
0eea 8e@d &

2600 2800

1600 1800 2000 2200 2400

2000 400 600 800 1000 1200 1400

DEPTH
[CHAN 3
\
1000
2000+
3000
Tr153  Sam:1768 Amp:-246  £1768ms S
CHAN=2 (R-component)
[ 040_3C_Orientation+5_pick < SPD < My Borehole < My VSP Project  [16:23:57] - u] X
Zoom Common parameters... View Tools Exit/Stop flow  Exit Help
_— — —
Baa@s g &

200 400 600 800 1000 1200 1400

RO

DEPTH
ICHAN 2
0—:

1600 1800 2000 2200 2400 2600 2800

Tr:48  Sam:B07 Amp:-99.5  £:807ms

CHAN=1 (T-component)
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- m] X
Help

[ 040_3C_Orientation+5_pick < SP0 < My Borehole < My VSP Project  [16:25:21]
Zoom Common parameters.. View Tools Exit/Stop flow  Exit
@ i (A (&) ™ e 2
@0eaE e@nae = &
DEPTH 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800
ICHAN 1
0
1000
2000
3000
S

Tr150  Sam:2414 Amp:-925  £2414ms

Let us use the results of data orientation to the PRT system to perform downgoing and

reflected S-wave picking.
To trace S-wave first arrivals using the Data Filter module, select only the R-component and

have it displayed on the screen in the Screen Display window.
Perform downgoing S-wave picking using the Tools/Pick menu commands in a similar way to

downgoing P-wave picking described above. The result is shown in the picture.
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DEPTH 200 400 600 800 1000 1200 1400 1600 1800

ICHAN 2
o-_. =

1000+

2000+

[%d 040_3C_Orientation+S_pick < SP0 < My Borehole < My VSP Project ~ [16:27:09] - a X
Zoom Common parameters.. View Tools Exit/Stop flow Exit Help
VI 026 RBED BB A=W

2000 2200 2400 2600 2800

Tr169  Sam:284 Amp:1.07  t:284ms

A

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

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

7 save pick to... b
Object(s): |S wave down goingl| |
» 2 ‘ [] show objects from sublevels E‘Set filter text (you can use * and ? wildcards) H
v 15 My Borehole Mame Location Length Headers Style
v E spo 7. fbpick  SPO < My Borehole 202 DEPTH : DEPTH
i 010_data_load
2% 020 view_data
i3 030 fbpick
i 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 050 — signature for deconvolution flow consisting of the following modules:

e Trace Input
e Amplitude correction

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

e Trace Output
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RadExPro 20214 >> > My VSP Project

Database Options Tools Windows Help

% Processing B Database Navigator
Project tree x
i
v T My Borehole
v = spPo
% 010_data_load
£ 020_view _data
& 030_fbpick
¥ 040_3C_Orientation+S_pick

Processing flow >> My Borehole / SP0/ 050_signature_for_deconvalution % All medules

T B= | Ll
Trace Input <- sp0_raw

Amplitude Correction

Apply Statics <- fbpick

Amplitude Correction

Screen Display

Ensemble Stack

Screen Display

i 050_signature_for_deconvolution Trace Output -> sp0_decon_impulse

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 ,

5= Flow status g x

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

In this flow we will obtain a wavelet that will later be used in the deterministic deconvolution
procedure. To obtain such a wavelet, we need to carry out a number of preliminary procedures:
enter correction for spherical divergence into the data, shift the first arrivals by the same time using
statistical corrections, and, if necessary, equalize the amplitudes displayed in the window for those
areas where gain changed sharply for some reasons. After that we can sum all the traces in the flow in
an in-phase way relative to the direct wave and build a resulting trace.

First, let us create a flow as shown below:

e Trace Input
e Amplitude correction
o Apply Statics
e Amplitude Correction
e Screen Display
Select the CHAN:DEPTH sorting in the Trace Input module setup dialog box. Specify the

following selection ranges in the Selection field: 3:400-50000. The number “3” means that only the Z-
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component recorded in traces with CHAN=3 will be processed. The depth selection range of 400-

50000 was chosen to eliminate the uppermost traces with high amount of noise corresponding to cable

depths up to 400 m. The lower limit of the range was chosen to be deeper than the maximum cable

depth in the borehole.

Trace Input

Data Sets

Add dataset...

Sort Fields

Delete |

Datasets masks

Add... |

Add mask... |

i+ Selection

Mumber of Ensemble Fields

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

3:400-50000

[ Load headers only

[~ Memary resort

o]

| " Select from file |

[ From batch list

" Database object |

" Getal

Buffer size (MB) |0

Cancel |

The Amplitude Correction module is used here to make correction for spherical divergence.

Enable the appropriate option in its dialog box:

Amplitude Correction

Time raised to power

[[] Exponential correction (dB/ms) 0.0

Normalization

O Mone

@ Constant time 0 - trace center
O Harizon

(O) Header AAXFILT

Maximum application time

[] automatic gain control
Operator length (ms) Type of AGC scalar Basis for scalar application
0.0 MEAN CENTERED
Save AGC coeffidents to dataset:
Dataset... | | Location...
[ Trace equalization

Basis for scaling Time gate start time (ms)  Time gate end time (ms)

MEAN 0.0 0.0

[ Time variant scaling
Example format: t1:k1,t2-t3:k2,... kN
Spedify gain function along trace (t[ms])

Cancel
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Using the Apply Statics module, let us introduce static shifts into the traces in such a way as to

match the direct wave with the same time everywhere (100 ms in this example). The shift introduced

into each trace will be equal to the difference between the P-wave arrival time determined based on the

pick and the specified constant time (100 ms). Set the module parameters as shown in the

picture below:

Apply Statics >

" Manual
" Header Word

{+ Get from database fhpick
™ Use file |

v Relative to time 100.00

[ Subtract static
[v Apply fractional statics

Maximum number of threads | 0

Save template ‘ Load template ‘ oK | Cancel |

After shifting the traces we need to equalize their amplitudes since there are intervals with a

substantially lower gain in the record. To do this, introduce another instance of the Amplitude

Correction module into the flow and use its Trace equalization option in the 80-400 ms time window.

Amplitude Correction x

["] Exponential correction (dB/ms) 0.0
Mormalization
Mone
Constant time 0.0 0 - trace center
Horizon
Header AANFILT
Maximum application time 0.0 0 - trace end
[[] Automatic gain control
Operator length (ms) Type of AGC scalar Basis for scalar application

MEAN CENTERED

Save AGC coeffidents to dataset:

Dataset... | | Location...
Trace equalization
Basis for scaling Time gate start time {ms)  Time gate end time {ms)
MEAN ~|[so | [400 |

[ Time variant scaling
Example format: t1:k1,t2-t3:k2,... kN
Specify gain function along trace (t{ms])

Cancel

View the results of running the procedures using the Screen Display modules with parameters

40



RadEXxPro seismic software

shown below:

WWW.radexpro.com

[%d Display parameters

—WT VA display mode =
Fromt= 0.0 to | 10004 [~ tScale | 10 © wWTvA ?]'?mr\ﬂ?;m Factor - IF
W = Erfi
Number of traces I 300 | XScale I 10 Entire screen Biastos) I_D
« va € Individual
[T Rotate &+ MNone )
Shionw every I
¥ Ensemble boundaries M-Eh Erace !

*

[~ Enable backward frame scroling

Ensembles to scrol I 1
[~ variable spacing field |

& Grey
 RB

IT traces

Axis... I Show headers... |

[V Use excursion

—Variable density display mode

" Custom Define...l

[T Space to masximum ensemble width ™ None [~ show paletts
Ensembles’ IZ
sembles gap Data/fvelodty
[ Muliple panels I 0 * Display data

" Displ | cat valodt Palette range ——————
Display velod ek welociky, ., |
g o 500.0

Mormalizing factor
Mone

% Entire screen

" Individual

Gain IF
Bias(%) I 0

Mirn el {myf's)

Mae,vel (mfs) I 1500.0

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:

24 050_sig . for_dec ion < SPO < My Borehole < My VSP Project  [17:25:08] - [m] X
Zoom Common parameters... View Tools Exit/Stop flow Exit Help
880 8080 RE L G Cs
DEPTH 600 900 1200 1500 1800 2100 2400 2700
(CHAN
05
200
-',' .~J.Uv,'
W
400
g v
f/ W g o
600 ” "/ e = p
T
Wl i S W
/'._- F 7 s - N
800+ . ' o
s .
1000-
Tr100 Sam:0  Amp:-0.00689 tOms [ v

Now we can sum the traces to obtain a seismic wavelet. Such summation will result in the in-

phase direct wave adding up while the majority of other waves and noises become suppressed.

Comment out the Screen Display module.

Add the Ensemble Stack module used to sum traces within ensembles to the flow. Select the
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module parameters as shown below. The Alpha trimmed parameter allows removing the specified
percentage of minimum and maximum amplitude values before summation, thus eliminating the

impact of high-amplitude bursts and hurricane noises

Ensemble Stack *

Mode
" Mean

" Median

(" Coherent stack
30 %o

Window (traces) |3
Filter length (ms) | 60

¥ Treat zero as result of muting
Number of threads: |0
OK | Cancel |

In the RadEXPro traces are combined into ensembles based on the same values of the first
sorting field specified in the Trace Input module. In our case this is the CHAN header field. Since the
value of this header is the same for all traces in the flow (equal to 3), all traces will be summed when

we run this module.
Using the Trace Output module, save the generated dataset to the database under the

name.

Select dataset... X

Object(s): |sp0_deccn_impulse |

» -3 [ show objects from sublevels D|Set filter text (you can use * and ? wildcards) |
v [5 My Borehole MName Location Trace count Sorted by d
v [= spo spO_raw SPO < My ... 876 FFID : OFFSET 2022
% 010_data_load 2 5o PRT
55 020_view_data
i3 030_fbpick

i 040_3C_Orientation+5_pick
e 050_signature_for_decon...

cancel

Use the Screen Display module with parameters shown in the picture below to visualize the

results.
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[%d Display parameters hd

—WT/VA display mode
Fromt=|0.0 to IEU0.0 [ tscale I 10 * WTVA Gain |0.3
Wt '
Mumber of traces I 10 [~ %Scale I 10 A Bias(%t) IU
|7 Rotate " Maone
Show every I
Iv Ensemble boundaries N-th trace !

Gain IF
Biasts) I 0

MNormalizing factor
Mone

¥ Entire screen

" Individual

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

[~ Variable spacing Field | C rjB

¢ custom  Define.., |
[ Space to maximum ensemble width

Matrializing Factor
Mone

% Entire screen
€ Individual

& Mone [ Show palette
Ensembles’ gap l?_— Data/velodty
[™" Muliple panels ID— S DiSDlaV data _ o Paletts range ——————
[V Use excursion IT traces S bisplay ety wl Min.vel {m/sy | 500.0
Axis... I Show headers... | e
Plot headers... I Header mark. .. |

Picks/polygons settings... I

Save Template I Load Template | Ok I Cancel |

Select trace display using the combined wiggle trace/variable area method (select WT/VA in the
Display mode field). The Rotate option allows displaying the trace horizontally.
Click the Axis button to set up axis parameters:

Axic Parameters
e [Tracss dx Values
dt  vyalues Lines DEPTH | " Different
" Interval Vv
Primary lines Imo W I IZUU.U
&+ 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 20 mm margin IE T

The resulting flow should look like the following:
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RadExPro 2021.4 > > My VSP Project - [m] 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 ] B8~ %o~ o Wk » =
v Bt My Borehole Trace Input <- sp0_raw Data IO *
v & spo Amplitude Correction Real-Time
£ 010_data_load Apply Statics <- fbpick Static Corrections
i Amplitude Correction Geometry/Headers
& 020_view_data Screen Display Interactive Tools
i 030_fbpick Ensemble Stack Signal Processing
&% 040_3C_Orientation+S_pick Screen Display Data Enhancement
& 050_signature for_deconvolution Trace Output -> sp0_decon_impulse Deconvolution
Velocity
Stacking/Ensembles
Migration
Trace Editing
VsSP
Qc
3C Processing
Modeling
Data Manipulation
Auto Picking
Interpolation
Marine
Surface Wave Analysis ,,
Actions. % 5 Flow status g x
Edit parameters of the module Sereen Display A
Add module Trace Output from the list
Edit parameters of the module Screen Display
Drag'n'drop modules
Insert module Screen Display at position & 4
< >
MB1 - Move modules; Cerl+MB1 - Copy modules; MB1 x2 - Module parameters; MB2 - Toggle medules; Ctrl+MB2 x2 - Cut medules; Shift+ME1 - Paste modules
Run the flow. The result is shown in the picture below.
[ 050_signature_for_deconvolution < SP0 < My Borehole < My VSP Project  [17:37:25] - m] *
Zoom Common parameters.. View Tools Exit/Stop flow  Exit Help

S0 ea@ .@.... SEGae® @@ W

DEPTH
1] \P.v 300 500

Looking at the picture, we can assume that the wavelet length is about 80 ms, and the wavelet

origin is located at 100 ms.
To view the amplitude spectrum of the resulting wavelet, select Tools -> Spectrum ->Average

in the visualization window parameters (hot key on toolbar Q). After that, you can select an area of
the trace (or seismogram) by clicking the left mouse button. The spectrum of the selected area will be

displayed in a pop-up window.
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Testing deterministic deconvolution parameters (060 — deconvolution test.)

Create a 060-deconvolution test flow.

This flow will consist of the following modules:

e Trace Input

e Amplitude Correction

e Deconvolution

e Screen Display

4 020_view_data
% 030_fbpick

MB1 - Move modules; Ctrl+MB1 - Copy

Screen Display

& 040_3C_Orientation+S_pick
S 050_signature_for_deconvolution

% 060_deconvolution_test

55 Flow status

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

RadExPro 20214 >>> My VSP Project — m] hos
Database Options Tools Windows Help
{3 Processing £ Database Navigator
Project tree X Processing flow > > My Borehole / SP0 / 060_deconvolution_test % All modules x
» a (B E BB~ Tp v Io E » =
v 5 My Borehole Trace Input <- spO_raw Data I/O "
~ = spo Amplitude Correction Real-Time
Custom Impulse Trace Transforms Static Corrections
% 010_data_load P!
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 picture 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 correction for spherical divergence (enable
the Spherical divergence correction option).

Amplitude Correction *

Time raised to power

[[] Exponential correction (dB/ms) 0.0
Normalization

O Mone
@ Constant time 0 - trace center

O Harizon

(O) Header AAXFILT
Maximum application time 0 - trace end

[] automatic gain control
Operator length (ms) Type of AGC scalar Basis for scalar application
0.0 MEAN CENTERED

Save AGC coeffidents to dataset:

Dataset... | | Location...
[ Trace equalization
Basis for scaling Time gate start time (ms)  Time gate end time (ms)
MEAMN 0.0 0.0

[] Time variant scaling
Example format: t1:k1,t2-t3:k2,... kN
Spedify gain function along trace (t[ms])

Cancel

Deterministic deconvolution can be performed using the Custom Impulse Trace transforms
module. Specify thename of the file containing the wavelet in the module parameters. It should be a
binary file using R41IEEE number presentation format without any headers. The trace with the wavelet

should have the same sampling interval as the traces to which deconvolution will be applied. By
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default, the RadEXxPro generates a binary file in the R4 IEEE format when creating an output dataset

using the Trace Output module (headers are stored separately). Therefore, in our example you can

directly select the file in the project directory corresponding to the dataset created during the previous

step. This file should be easy to find — the project directory structure replicates the database structure.

The module parameters are shown in the picture below:

To display the results on the screen, add the Screen Display module to the flow. Select trace

display using the variable density method in the grayscale palette (Gray) and set the number of traces

on the screen equal to 300.

Custom Impulse Trace Transforms *

® Getimpulse from dataset

Dataset | My Borehole\SP0\sp0_decon_impulse Browse... |
Matching
fog | dt Add
[ Get time from headers of impulse dataset
tl 100 t2 180
[ Get time from header of impulse dataset
zero time V)
O Getimpulse from file
File |
1 |o 2 [y
dt |o.2 zero time |0
[ Get time from headers ™ Use tapering
t1 |o t2 | 1000000] r
| | L
Amplitude spectra Phase spectra
O No operation O No operation
O Multiply O Add
& Divide ® subtract

Damp = (0.2 *Amax

™ Preserve trace amplitudes

Additional phase |0
Mumber of threads: |0
OK Cancel |

[2d Display parameters
WT VA display mode
Fromt=|0.0 to |0.0 [ tScle [ " WTNVA -~
O wr =
MNumber of traces  [3gp [ XScale [1p A =
r * None
[~ Ensemble boundaries
r ) L
Variable density display mode Normalizing Factor
Ensembles to scroll 1 * Grey MNone
. . " RB .
[ Variable spacing {+ Entire screen
- € Custom 4 " Individual
" None
Ensembles' gap 2 Data/velodty
™ Muliple panels 0 {+ Display data
o )
I¥ Use excursion 2.0 traces Display velodity
AXiS... | Show headers... |
Plot headers... | Header mark... |
Picks/polygons settings...
Save Template | Load Template | Ok | Cancel

—
—

Gain [p,.3
Bias(%) |0

™ show palette

500.0
1500.0

*
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To compare the results of applying deconvolution with the source data, comment out the

Custom Impulse Trace transforms module and run the flow.
Before deconvolution, the data look like the following:

@ 060_deconvolution_test < SPD < My Borehole < My VSP Project  [15:11:04]
Help

0G0 6 Ce :

ers.. View Tools Exit/Stop flow Exit

Zoo paramet
800006 688666

CHAN 3
DEPTH 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800
e - M oeRE oerr SRR Seer SRR SeeR  eerr ST SRR SRR

1500+

(9 Spectrum -2 — [m] X
P

File View Scale Parameters

25001

G A%
3000 }nn!

3500+

f(Hz)

Tr246 Sam:1842 Amp:-11.2  t1842ms

Now, without closing the Screen Display window, go back to the flow, uncomment the Custom

Impulse Trace transforms module and run the flow once again. Another Screen Display window

containingthe deconvolution results will open:
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(@ 060_deconvolution _test < SPO < My Borehole < My VSP Project  [15:11:11] = ()

Zoom Com ew Tools Exit/Stop flow Exit Help
— — —— e — — W N
800 e BN B Ve W

CHAN 3
DEPTH
0

1000 —=
1500{ =
20001

2500 3 9 Spectrum -2

File View Scale Parameters

A(%)

M

D M

35007

Tr:236  Sam:1374 Amp:-0.0663 t:1374ms

Now, by switching between the windows, you can compare the data before and after

deconvolution. To view record spectrums, use the Tools/Spectrum/Average menu command. You can

synchronize windows with each other using the "sight" located on the quick access panel .

Reflected PP wave field separation (070 — ug PP)

Z-components will be used to separate reflected wave field. 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), bringing the noise wave travel time curve to the vertical line 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. To do this, we will construct a flow consisting of the following
procedures:

e Trace Input
e Amplitude Correction
e Screen Display
The procedure parameters are shown below.

Trace Input
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Trace Input
—Data Sets —Sort Fields
CHAM Number of Ensemble Fields
|1 vI
Note: Ensembles will be defined
by this number of sart fields.
Add dataset...
—Datasets masks Add... Delete |
@ selection
3:0-50000]
Add mask. .. Delete
I | " select from file = | I

OK |

[ Load headers only [ From batch list

" Databi biject
7 Memoryresort g e cioe E) ID atabase ojedt | Thoose,,,

" Getal

Cancel |

Amplitude Correction

Amplitude Correction

[] Exponential correction (dB/ms) 0.0

Normalization

O MNone

@ Constant time 0 - trace center
() Horizon

() Header AAXFILT ~

Maximum application time 0 - trace end

[ Automatic gain control
Operator length {ms) Type of AGC scalar Basis for scalar application
0.0 MEAN ~ | |CENTERED ~
Save AGC coeffidents to dataset:

Dataset... Location...
[ Trace equalization
Basis for scaling Time gate start time (ms)  Time gate end time (ms)
MEAN S 0.0 0.0

[ Time variant scaling
Example format: t1:k1,t2-t3:k2,... tN:kN
Specify gain function along trace (t{ms])

[ox ]| cancel

Screen Display
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[%d Display parameters hd
WT VA display mode —
Fromt=|0.0 to |00 [ tSaale |1p ¢ WTjvA rygrm:rlzzng factor Gain |q,3
" WT i+ - ;
Mumber of traces  [3pg [ XScale |10 SLEEaEEn Bias(%) |[g
' va " Individual
[ Rotate " Mone o
Show every
[v Ensemble boundaries N-th trace !
[ Enable badkward frame scrolling Variable density display mode
Ensembles to scrol 1 " Grey r 0.3
. ) " RfB
[ Variable spacing {= 0
" Custom . :
r {* MNone r
Ensembles' gap 2 Data/velodity

[ Muliple panels 0 o
c _setvelociy,.,_|
v Use excursion 2.0 traces 500.0

1500.0
Axis... | Show headers... |
Plot headers. .. | Header mark... |
Picks/polygons settings... |
Save Template | Load Template | Ok I Cancel

The result of applying the procedures is shown in the picture:
(24
Zoom Common parameters... View Joels Exit/Stop flow Exit Help

S TEIELT

DEPTH

et ee v

1soo| Downgoing P-wave

Upgoing P-wave (PP)

Tr:56  Sam:1971 Amp:1.48  £1971ms

We can see from the picture that the data includes waves of different types — downgoing and
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reflected P- and S-waves. Besides, it is evident that the general amplitude level changes from trace to
trace: the record includes traces with a substantially lower gain.

First of all, let us equalize trace gain using the Trace equalization option of the Amplitude
Correction module. This function calculates average amplitude for each trace in the specified window,
and then divides all trace samples by the average amplitude value. It is clear that in order for this
procedure to perform correct equalization of different traces, it is necessary to ensure that events
falling within the window in which the average amplitude is calculated are of the same type for all the
traces.

We will equalize the amplitudes by the downgoing P-wave. To do this, we will first introduce
static corrections to bring the wave to the vertical line, then perform trace amplitude balancing (Trace
Equalization) in the window containing the direct wave, and finally return all waves to their correct
times by applying inverse static corrections.

Let us add the following modules to the flow:

Apply Statics — select the first arrival pick and the time relative to which corrections will
be made — 100 ms. The shift introduced to each trace will be equal to the difference between the P-

wave arrival time determined based on the pick and the specified constant time.

B Apply Statics *

" Manual
" Header Word

+ Get from database Select...| fbpick

" Use file |
Iv Relative to time 100.00

[ Subtract static
IV Apply fractional statics Maximum number of threads | 0

Save template ‘ Load template ‘ oK | Cancel |

Amplitude Correction — enable the Trace Equalization option. Select the boundaries of the
windows so that it includes the downgoing P-wave (this wave will be moved to the 100 ms constant
time after introducing the static correction). The window should not be too narrow since this will cause

average amplitude calculation to be unstable. Set the parameters as shows in the picture below:
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Amplitude Correction

1.0
[] Exponential correction (dB/ms) 0.0
Normalization
Mone

Constant time 0.0 0 - trace center

Horizon
Header AANFILT
Maximum application time 0.0 0 - trace end

[ Automatic gain control
Operator length {ms) Type of AGC scalar Basis for scalar application
0.0 MEAN CENTERED

Save AGC coeffidents to dataset:

Trace equalization
Basis for scaling Time gate start time {ms)

Dataset...

Location...

Time gate end time {ms)

MEAN v [so | [a00

[ Time variant scaling
Example format: t1:k1,t2-t3:k2,... tN:kN
Specify gain function along trace (t{ms])

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

parameters should be the same as for the first instance, except for one difference: enable the Subtract

static option to have the static corrections introduced with the opposite sign:

B Apply Statics

" Manual
" Header Word

*+ Getfrom database Select...| fbpick

™ Use file J |

v Relative to time
v Subtract static
I+ Apply fractional statics

100.00

Save template ‘ Load template ‘ oK |

Maximum number of threads |0

Cancel |

At this stage, the flow should look like the following:

Trace Input
Amplitude Correction
Apply Statics
Amplitude Correction
Apply Statics

Screen Display
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The results of flow execution are shown in the picture below:

Www.radexpro.com

=4

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

DEPTH
o 1000

Tr104  5am:2889 Amp:0.0756 £:2889ms

e e ea

2000

A(%)

100

Spectrum - 2

Help

3000 4000

File View Scale Parameters

HH|£E\.||||||||E::HlllH;ElHHm‘\gélmlll‘zslmHl‘lsgwmu‘\?!mlm f (Hz)

We can see that gain of different traces was equalized as a result of applying the procedures.

Let us perform deterministic deconvolution of the data with the parameters selected for the

previous flow. The result is shown in the picture:
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e

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

A S e

Parameters

File View Scale

A%)

100

™ 0ot (Hz)

Tr130  Sam:3237 Amp:0.00105 £3237ms < >

Since deterministic deconvolution results in the downgoing P-wave wavelet becoming close to
the zero phase wavelet, first arrival times now correspond to the central extremum of the waveletrather
than the first zero crossing. Therefore, the first zero crossing becomes shifted to smaller times. Since
the first arrival pick will be later used for muting, we will need to shift the pick to smaller times as

shown in the picture below in order to ensure wavelet shape preservation after muting:
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[ 070_ug_PP < 5P0 < My Borehole < My VSP Project  [17:34:18]

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

Tr:94  Sam:1489 Amp:-0.00118 £1489ms

A S e

To do this, load the

first arrival pick using the Tools/Pick/Load pick menu item. Then

move the pick to the required location by simultaneously pressing and holding Shift and the right
name on the second database level.

mouse button. Save the pick under the

£3% 010_data_load

28 020_view_data

% 030 fopick

% 040_3C_Orientation+S...

i 050_signature_for_dec...

S wave ...

% 0AD decanunlition test ¥ || €

Append

B Save pick to... X
Object(s): |ﬂ3pid<_afber_deconvnluﬁon |
[] show objects from sublevels ﬂ|ii'. filter text (you can use *and ? |

v 15 My Borehole ~ Name Location Length Headers Style
v &l spo A fbpick  |SP0 < My Borehole DEPTH : DEPTH -

SP0O < My Borehole 292

Pick headers: |DEPTH

Cancel

DEPTH : DEPTH

Now let us remove downgoing P-waves from the record. To do this, we will need to bring the

downgoing P-wave travel time curve to the vertical line using static corrections (Apply Statics),

subtract this wave from the wave field using a two-dimensional spatial filter (2D Spatial Filtering),and

introduce inverse static corrections (Apply Statics).

We will add procedures to the flow one after another and view the results of their execution:

Apply Statics:
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™ Manual
" Header Word

oowss.,|

* Getfrom database Select...| fbpick_after_deconvolution
" Use file |

[v Relative to time
[~ Subtract static
[v Apply fractional statics

100.00

Maximum number of threads | 0

Save template | Load template | CK |

Cancel |

B Apply Statics >

The result of applying the procedure is shown below:

Www.radexpro.com

[ 070_ug_PP < SPO < My Borehole < My VSP Project  [17:44:22]
View Tools Exit/Stop flow Exit

50 eE e

Zoom Common parameters.

80066866

DEPTH

500 1000 1500 2000 2500 3000

(Tr71  Sam:1033 Amp:0.000159 £1033ms

Help

3500 4000

2D Spatial Filtering:
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2-D Spatial Filtering X
Filter type
(" 2-D Mean
{+ i i
" 2-D Median
{+ Alpha-Trimmed Mean

Rejection percentage 30

Filter size
Mumber of traces 11
Mumber of samples 1
Filter mode
" Mormal {* Subtraction

OK | Cancel ‘

Select the subtraction mode (Filter mode: Subtraction) in the module setup dialog box — in this

mode the average value obtained in the window will be subtracted from the window’s central sample.

Select the Alpha-Trimmed Mean filter type to reduce the impact of accidental bursts on the result.

waves to their proper times. To do this, we will add another instance of the

flow:

The result of applying the procedure is shown below:

[ 070_ug PP < SPD « My Borehole < My VSP Project  [17:47:13] -

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

Geece@caa @ eaaes

Tr162  Sam:2036 Amp:-0.000113 £2036ms

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

Now we need to introduce the necessary inverse static corrections to return the remaining

module tothe
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B Apply Statics >

™ Manual
" Header Word

oowss.,|

* Getfrom database Select...| fbpick_after_deconvolution
" Use file |

[v Relative to time
[v Subtract static
[v Apply fractional statics

100.00

Maximum number of threads | 0

Save template | Load template | CK |

Cancel |

The result of running the procedures is shown below:

Www.radexpro.com

[ 070_ug_PP < SPO < My Borehale < My VSP Project  [17:49:48]

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

e e@cea G e

DEPTH

1000

1500 2000 2500 3000

T3 Sami2579 Amp:-0.000809 £2579ms

Help

3500 4000

The processing flow should look like the following at this stage:
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RadExPro 2021.4 >>> My VSP Project bl a X
Database Options Tools Windows Help
©F Processing ) Database Mavigator
Project tree X | Processing flow >> My Borehole / SP0 / 070_ug_PP X | All modules x
» A E ] BB~ %o~ o W6 » =
~ [l My Borehole Trace Input <- sp0_raw Data 1/O *
v £ 5po Amplitude Correction Real-Time
& 010_data_load Appl)t Statics <- ib.plck Static Corrections
Amplitude Correction Geometry/Headers

& 020_view_data
& 030_fbpick

¥ 040_3C_Orientation+5S_pick
£# 050_signature_for_deconvolution

£} 060_deconvolution_test
£ 070_ug_PP

Apply Statics <- fbpick

Custom Impulse Trace Transforms

Apply Statics <- fbpick_after_deconvolution
2D Spatial Filtering

Apply Statics <- fbpick_after_deconvolution
Screen Display

5 Flow status

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 MB2 - Toggle modules; Ctrl+MB2 x2 - Cut modules; Shift+MB1 - Paste modules

Note that the data fragment circled in red in the picture below contains a low-frequency

component unlike the rest of the record.

(@3 070_ug_PP < SPO < My Borehole < My VSP Project  [16:13:03] - o X

Zoom Communparameters View Tools Exit/Stop flow Help

Tr30  Sam:440 Amp:-0.00862 t:440ms
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Therefore we will need to apply band-pass filtering in the window before proceeding withnoise

wave subtraction. To do this, we will first perform picking to select an area containing the low-

frequency and high-frequency component, and then use the Nonstationary Predictive Deconvolution

module. This module’s function is to perform band-pass filtering in a window.

Create a pick limiting the low-frequency area as shown in the picture. Save the pick under the

name of

bd

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

S0 ea= ShGacEaecs

Tr:115  5am:3999 Amp:0.000409 t:3999ms

4 Spectrum - 1

This pick has separated the data into 2 fragments. We want to process those fragments in

different ways. To apply filtering to the selected fragment, set the following Time Variant Bandpass

Filtering module parameters:

Time variant bandpass filtering

Use windows
From pick

Wy Borehole\SP(\gate_for_filtering

Add Delete

Tapering length: % of window length
Windows overlap: ms

Filter type
Ormsby bandpass filter w
Filter parameters

Window usage: [1:1 b= szl

1 fite
Low-cut ramp: 0% Hz
High-cut ramp: 100% Hz
0% He

Number of threads:

Cancel
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Here the pick sets the boundary between the two windows — one to the left of

the pick, and one to the right. Parameters for each window are entered into one line and divided by a

colon. For both windows, it is specified whether filtering will be performed in the window (Window

usage 1:1), further set the pass band equal to 4-250 Hz for the first window (before the pick) and 15-

250 Hz for the second window (after the pick), as shown in the picture.

The result of applying the procedure is shown below:

[4d 070_ug_PP < SPD < My Borehole < My VSP Project  [15:34:20] -

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

Geeceacarcc@Enem s

Tr0  Sam:2599 Amp:0.00954 +2599ms

Now let us subtract the downgoing S-wave from the wave field. We will do it by using the

same approach we employed earlier when subtracting the P-wave. However, due to a large difference

in transverse wave arrival times on upper and lower instruments bringing the wave to the vertical line

may lead to data loss — some samples containing useful signals may become shifted outside the trace.

To prevent this from happening, we need to increase the trace length before introducing static

corrections.

To increase the trace length, add the Trace Length to the flow and set the new trace length

equal to 9000 ms.

Mew trace length:

(o |

Trace Length Parameters

Cancel |

After that, bring the S-wave travel time curve to the vertical line (time = 2500 ms), subtractthe
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wave, and introduce inverse static corrections.

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

e Trace Input

e Amplitude Correction

e Apply Statics

e Amplitude Correction

e Apply Statics

e Custom Impulse Trace Transform

e Apply Statics

e 2D Spatial Filtering

e Apply Statics

e Time Variant Bandpass Filtering

e Trace Length
e Apply Statics

e 2D Spatial Filtering

e Apply Statics

e Screen Display

Parameters of modules needed to subtract the S-wave are shown below:

Apply Statics

Www.radexpro.com

B Apply Statics >

" Manual
" Header Word

{* Get from database S wave down goingl
" Use file |

¥ Relative to time 2500.00

[ Subtract static
v Apply fractional statics Maximurn number of threads |0

Save template ‘ Load template ‘ 0K | Cancel |

2D Spatial Filtering
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Apply Statics

2-D Spatial Filtering x

—Filter type
" 2-D Mean
Weights: % Bowcar
" 2-D Median

i+ alpha-Trimmed Mean

Rejection percentage I 30

" Triangle € Hamming

—Filter size
Mumber of traces I 11
Mumber of samples I 1
—Filter mode

i~ Mormal ¥ subtraction

o]

Cancel |

WWW.radexpro.com

7 Apply Statics

" Manual
" Header Word

Browse, ., |

{* Get from database  Select... | S wave down goingl

" Use file File,,,ll

¥ Relative to time

| 2500.00
¥ subtract static

v apply fractional statics

Maximum number of threads I 0

Save template | Load template | oK I

Cancel |

The result of applying the procedures is shown in the picture below:
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[ 070_ug_PP < SPO < My Borehole < My VSP Project  [16:07:40]

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

1000 2000

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

e ceeeacnEE s

- ul X
Help

3000 4000

>

As we can see, the wave field still contains some downgoing S-wave fragments after

downgoing S-wave subtraction. Perform picking on one of such fragments as shown in the picture

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]

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

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

AN SEaeE s

Use the same set of modules to subtract those fragments:
pick, Relative to time 4000),

(filter type: Alpha-Trimmed Mean, window size: 9
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traces per sample, Subtraction mode), and another Apply Statics (same parametersas for the first one,

but with Subtract Statics enabled).
The result of applying the procedures is shown in the following picture:

[%d 070_ug_PP < SPD < My Borehole < My VSP Project  [16:22:28]
Zoom Common parameters.. View Tools Exit/Stop flow  Exit
GEE 6eacee e eE s
DEPTH 500 1000 1500 2000 2500 3000
ZDD|
4DD|
SDDl
SDD|
1DDD|
lZDDl
1.4DD|
1SDD|
1SDD|
2DDD|
22DD|
ZADDl
ZSDDl
ZSDD:
Tr:136  Sam:2678 Amp:-0.000818 t:2678ms
<

- ] X

3500

4000

Then let us add a number of “cosmetic” procedures to the flow in order to improve the signal to

noise ratio and ensure proper reflection polarity.

We will use the Burst Noise Removal module to suppress high-amplitude localized burstnoises.

The module parameters are shown below:

Burst Moise Removal

Window size for average value calculation (races) | 11
Rejection percentage (%)

Do not change amplitudes lower than (3%) of the average

1177

Modify values when exceed average in more than N times

o]

Cancel |

The result of running the procedure is shown in the picture 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
< >

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

in the module setup dialog box.

Bandpass filtering *
Filter type Filter parameters
(" Simple bandpass filter Low-cutramp: 0% |5 (Hz)
{* Ormsby bandpass filter ’1!37 (Hz)
(" Butterworth filter
" Motch filter High-cut ramp: 100% | 70 (Hz)
il 0% | 150] (Hz)

10 o9 of trace length

Number of threads: |0
Ok | Cancel ‘

To comply with the polarity convention adopted in exploration seismology (waves reflected
from positive boundaries, i.e. boundaries corresponding to an increase of impedance in the lower
medium relative to impedance in the upper medium, should be shown on Z-component seismograms
using positive extremums), we need to invert the wave field phase, i.e. multiply the value of each trace

by -1. We will do it by running the Trace Math module with the following parameters:
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Trace Math

Mode:

(®) Trace/Scalar

Operation:
() Add Scalar
() Scalar minus Sample
(®) Multiply by Scalar
() Divide Scalar by Sample
() Reverse Trace

Replace

() this Amplitude 0.0
by Scalar

(® Scalar:  |-1.0

(O Header:  AANFILT

Division threshold: 0.01

[ () Trace[Trace

Add Traces
Subtract Traces
Multiply Traces
Divide Traces

Cross Correlation

Honor ensemble boundaries

el

Www.radexpro.com

Now perform seismic trace muting before the first arrivals by running the Trace Editing withthe

parameters shown below:

Trace Editing

Trace Editing parameters | Horizon I Second horizon

Taper window length

™ Surgical muting

— Editing
™ Zero padding
 Inverse

" Trace killing

Save ternplatel Load templatel QK I Cancel

Use the first arrival pick shifted after deconvolution

defining the muting.

as the horizon
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Trace Editing parameters Horizon ] Second horizon ]

1
* Pick in database Select. . fbpick_after_deconvolution
! " Trace header
| " Specify |CDP
1
|
Save template ‘ Load template ‘ 0K | Cancel

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

[Ad 070_ug_PP < SPD < My Borehole < My VSP Project  [16:39:15] - o X

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

CeeceaneacbEn e s

Tr:45  Sam:2822 Amp:-0.000584 £2822ms
< >

Finally, save the resulting reflected P-wave field to the database under the name of

using the module:
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Select dataset... *

Object(s): |sp0_P_wave_ug |

» 2 [ show objects from sublevels D|SE: filter text (you can use * and ? wildcards) |
~ [& my Borehole MName Location race cour Sorted by Crea
v = spo sp0_raw SPO < My Bo... 876 FFID : OFFSET  2022-03
e 010_data_load sp0_PRT SPO < My Bo... 876 DEPTH: CHAN @ 2022-03
i 020_view_data sp0_decon_impulse | SPO < My Bo... 1 CHAN:DEPTH  2022-03

i 030_fbpick

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

&% 070_ug_PP

The resulting flow should look like the following:
e Trace Input
e Amplitude Correction
e Apply Statics
e Amplitude Correction
e Apply Statics
e Custom Impulse Trace Transform
e Apply Statics
e 2D Spatial Filtering
e Apply Statics
e Time Variant Bandpass Filtering
e Trace Length
e Apply Statics
e 2D Spatial Filtering
e Apply Statics
e Apply Statics
e 2D Spatial Filtering
o Apply Statics
e Burst Noise Removal
e Bandpass Filtering
e Trace Math
e Trace Editing
e Trace Output

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

subtraction can be iterative.

Www.radexpro.com

Building a velocity model (080 — velocity model)

Let us create a new flow to build a velocity model based on the selected 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

Database Options  Tools  Windows  Help

& processing B Database Navigator

Project tree X | Processing flow >> My Borehole / SPO / 080_velocity ...
» & D - £
v T My Borehole Trace Input <- sp0_P_wave_ug
v [= spo SSAA

& 010_data_load Advanced VSP Display

& 020_view_data

i 030_fbpick

&F 040_3C_Orientation+S_pick

fra) 050_signature_for_deconvolution
&% 060_deconvolution_test

& 070_ug PP

& 080_velocity_model

5 Flow status

X | All medules

» &

Data I/O *
Static Corrections
Geometry/Headers
Interactive Tools
Signal Processing
Data Enhancement
Deconvolution
Velocity
Stacking/Ensembles
Migration
Trace Editing
VSP
QcC
3C Processing
Madalinn ¥
F X

MB1 - Move modules; Cerl+MB1 - Copy modules; MB1 x2 - Module parameters; MB2 - Toggle modules; Ctrl+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

since we are going to read the entire data range.
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Trace Input

Data Sets

Add dataset...

Sort Fields

Delete |

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

MNumber of Ensemble Fields

P

Datasets masks Add... | Delete |
{+ Selection
=
Add mask... |

I Load headers only

[~ Memory resort

OK | Cancel

[~ From batch list

Buffer size (MB) |0

" Database object

| " Getal

| " Select from file |

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

The seismogram that is input into the module should contain downgoing P-wave first arrival timesin

the FBPICK header field. We will 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 we are interested in the exact pick

time, enter O 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.

S5AA

Atributes l Horizon ]

Aftributes
Aftribute Trace header
[ Peak frequency [~ RMS Amplitude
[ Centroid frequency [~ Pick amplitude
[~ Apparent frequency [+ Peak amplitude time
[ Visible frequency [~ Trough amplitude time
[~ Bandwidth
[~ Peak amplitude [~ S/N Ratio
[ Trough amplitude [~ Resolving power
[ Max. absolute amp. [ Time shift
Window length |0 ms
f Symmetric T Up  Down

[ Max. absolute amp. time

[ [
[

FBFICK -

[ [

[ [
[
N

Save template | Load template | QK |

Cancel |

Specify the

first arrival pick as the horizon on the second tab of the dialog window.
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| Atributes Horizonl

{* Pick in database Select... fbpick

(" Trace header
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(" Specy |CDP

MLEN-BAN 70200
U200, AU

Save template | Load template | QK |

Cancel |

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

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

Browse... |

LAS column name(s) |ak

Edit...

Load model file |

Browse...

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

i bl

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 hard disk where the built 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 the last change point during
subsequent runs. 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.
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Run the flow. An Advanced VSP Display module window similar to the one shown below

willappear:

B VSP Display - m] x

File Edit LayVelocity View LogDisplay Qualitydisplay Amplitude Zscale Help

z v, mims T ms
25 5.0 250 500 750 1000 1250 1500 1750 2000 2250 2500 2750 30

(NRENREERNENN NN RN 1

0= . =

2502

5002
750=

000> %

2502

il |

500

750=
booo=
basos

2500—3

| prsos

7= -13.80,L= 2531, T= 83.00 Vmean= 149 Vint= 1.50 Vlay = 2.60 Q= -nan(ind)

Building the velocity model includes adding and editing layer boundaries and working with
rulers that allow changing the image scale.
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 newposition, and release the mouse button.
e To delete a boundary, double-click on it with the right mouse button.
Working with rulers
Depth, time and parameter value rulers are control elements that allow changing the
appropriate scale. To adjust the scale, place the cursor over the start value of the ruler, 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
ruler.
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 the user to specify the names of

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 layer velocity model
Per-trace file — file containing the per-trace table with two-way vertical travel time curvevalues

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

RadExPro 2021.4 »>> My VSP Project

Databese  Options Tools Windows Help

€ Processing ) Database Navigator

Project tree

» & |0

~ [&l My Borehole

v [ sPo

% 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 containthe

following modules:

Specify the

Trace Input
Amplitude Correction
Trace Editing

VSP NMO

Trace Length
Resample

Trace Output

Screen Display

dataset and sorting by the DEPTH field 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
equal to 200 ms.
We will 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 setup dialog box 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 picture:

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, let us

revert to the original trace length — 4 s. We will do it with the help of the Trace Length module.

Trace Length Parameters - *

Mew trace length: |4DE|E|

]’ | Cancel |

Using the Trace Output module, 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
Leh 050_signature_for_decon...
% 060_deconvolution_test

i 070_ug_PP

i3 080_velocity_model

i 090_ug_and_ug_nmo_wav...

* sp0_P_wave_ug SPO < N CHAN : DEPTH M

o1/ oo

For visual monitoring, 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
oWt & Enti
Number of traces |300 [ ¥ Scale I 10 Erlirz ey Bias(%) |0
VA 7 Individual
¥ Rotate " None 2
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 picture 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 building a corridor stack trace as shown in the picture

below:

Save the first arrival pick (shown in yellow in the picture) under the

[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

name, and the pick

defining the width of the window used to build the corridor stack trace (shown in green in the picture)

— under the

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

= CERSE R =il
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 will contain the modules shown in the picture:
e Trace Input
e Trace Editing
e Trace Editing
e Ensemble Stack
e Amplitude Correction
e Trace Output
e Screen Display
In this flow we will read the NMO-corrected reflected P-wave field, select the interval along the
first arrival travel time curve from the field using top and bottom muting, stack all traces to create a
single trace, equalize the amplitude along the trace, and save the obtained results.
The Ensemble Stack module stacks the traces within the ensembles defined by the first sorting
key.Since we want to sum all traces in this case, we should specify a header field that we know to be
identical for all traces as the first sorting key in the Trace Input module. An example of such header

field is DT — the sampling interval:

80



RadEXxPro seismic software

WWW.radexpro.com

Trace Input *
~Data Sets —Sort Fields
dt Number of Ensemble Fields
|1 vI
Note: Ensembles will be defined
by this number of sart fields.
Add dataset... Delete |
—Datasets masks Add... Delete |
& selection
*:t
Add mask. .. Delete
I | " select from file = | I
[ Load headers only [ From batch list -
Database object
[~ Memory resort Buffer size (ME) ID 1 Choose...l I
" Getal
OK | Cancel | =ta

The next two Trace Editing modules will be used to perform top and bottom muting in

sequence.Top muting is performed along the wt pick, bottom muting — along the cor summ pick.

Trace Edting parameters | Horizon | Second horizon |
-~ Muting
" Top muting
% Bottom muting
¢ Muting in window

" Surgical muting

IlD ms
Taper window length IO—- ms

~ Editing
(" Zero padding
" Inverse

" Trace kiling

Trace Editing parameters  Horizon I Second horizon

% Pickin database  Select...

" Trace header Brovise

cor_summ

race Editing Trace Editing X
Trace Edting parameters | Horizon | Second horizon | Trace Edting parameters  Horizon | Second horizon
- Muting
(¢ Pick in datab. Select... | tw
% Top muting " Surgical muting ndetabase —l
" Bottom muting " Trace header I Biowes
" Muting in window |1o ms " Speciy [cOP
0-50:500.70:300
Taper window length IO ms
i~ Editing
(" Zero padding
" Inverse
" Trace kiling
Save template | Load template OK Cancel Save template | Load templatel OK I Cancel
Trace Editing X | Trace Editing X

" Specify [cOP
0-50:500,70:300

Save template l Load template I OK I

Cancel |

Save template | Load template | oKk |

Cancel |

Select the Alpha trimmed option in the Ensemble Stack module and set the trimming threshold
equal to 30%. This will eliminate the impact of bursts on the summation results:
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length).

Ensemble Stack

— Mode
" Mean

 Median
' Alpha trimmed

Emt

I 30 %o
Window (traces) I 3

" Coherent stack

Filter length (ms) I 60

| Treat zero as result of muting

Number of threads: I 0
CK I

Cancel |

Enable Automatic gain control in

the Amplitude correction module

Normalization
MNone
Constant time
Horizon

Header

Basis for scaling

MEAN

Amplitude Correction

[] Time raised to power

[] Exponential correction (dB/ms)

Maximum application time

X
2.0
0.0
0.0 0 - trace center
AAXFILT
0.0 0 - trace end

Automatic gain control
Operator length (ms) Type of AGC scalar Basis for scalar application

oo wem

[ save AGC coeffidients to dataset:

~ | |CENTERED

w

Dataset... | | Location...

[ Trace equalization

Time gate start time (ms)  Time gate end time (ms)

0.0 0.0

[] Time variant scaling
Example format: t1:k1,t2-t3:k2,... kN
Spedify gain function along trace (t[ms])

Cancel

Www.radexpro.com

(set 1000 ms operator

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

Object(s): |sp0_cor_stad< |

» £ [ show objects from sublevels D Set filter text (you can use * and ? wildcards) |

~ 5 My Borehole ~ Name Location race cour  Sorted by Crea
v [ seo sp0_raw SPO < My Bo... 876 FFID : OFFSET  2022-03
£ 010_data_load = SpO_PRT |sP0 < My Bo.. DEPTH : CHAN | 2022-03
£ 020 view data 5p0_decon_impulse 'SP < My Bo.. 1 CHAN : DEPTH  2022-03
€2 030_fbpick sp0_P_wave_ug SPO < My Bo.. 292 CHAM:DEPTH  2022-03
i 040_3C_Orientation+5...
i spl_ug_nmo SPO < My Bo... 292 DEPTH 2022-03
Leh 050_signature_for_dec...
% 060_deconvolution_test
i 070_ug_PP
i 080_velocity_model
% 090_ug_and_ug_nmo_...
{35 100_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 picture below:

[ 100_cor _stack trace < SPO < My Borehole < My VSP Project  [17:32:57] - u] X

Zoom Common parameters.. View Tools Exit/Stopflow Exit Help

e 80808 ED Ve Ce W

0 Sam:2734 Amp:0.56  £2734ms

The corridor stack trace we have created will be used for tying VSP data to seismic data. It is
much more convenient to carry out such tying based on a “pseudo-section” consisting of several
identical traces rather than just one trace. To generate such a “pseudo-section”, let us create a new flow
and name it 110 — cor sum.

Add several identical Trace Input modules to the flow. Each of those modules will load the
same corridor stack trace into the flow.

Let us use the Trace Header Math module to assign a unique index to the reflected wave field —
this will help us distinguish between different data types in the future when they are visualized
together. To assign an index, select an empty header of integer type. In this example we used the

trc_type header. Set its value equal to 2.
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Trace Input

Data Sets
sp0_cor stack

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

[ Load headers only [ From batch list

Buffer size (MB) I 0

Cancel |

[~ Memory resort

OK |

—Sort Fields
MNumber of Ensemble Fields
I i vI
Note: Ensembles will be defined
by this number of sart fields.
add,., | Delete |
" selection

" select from file = | I

" Database object Chggse,..ll

o Getal

Using the Trace Output module, save the result to a new dataset — spO-cor summ.

{3 020_view_data 2
{3 030_fopick -
% 040_3C_Orientation+5...
& 050_signature_for_dec...
£ 060_deconvolution_test
& 070_ug_PP

L) 080_velocity model

el 080_ug_and_ug_nma_...
5% 100_cor_stack trace wv||€

Select dataset... X
Object(s): ‘suo_mr_summ |
» A ‘ [ show objects from sublevels E‘Set filter text (you can use *and ? wildcards) ”

v 5 My Borehole 2 Name 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

= spO_decon_impulse SPO < My Bo...

= sp0_P_wave_ug

= spl_ug_nmo

1 CHAN : DEPTH  2022-03
SP0 < My Bo... 292 CHAN : DEPTH | 2022-03
SPO < My Bo... 292 DEPTH 2022-03

L aosm o

o] oo

Insert the Screen Display module at the end of the flow to display the dataset being saved on

the screen. The flow will look like the following:
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RadExPro 20214 »>> My VP Project
Database Options Tools Windows  Help
@ processing ) Database Navigator
Project tree
» A fi=)
~ Iz My Borehole
~ & spo
& 010_data_load
£ 020_view_data
£* 030_fbpick
£* 040_3C_Orientation+S_pick
& 050_signature_for_deconvolution
& 060_deconvolution_test
&4 070_ug_PP
£ 080_velocity_model
£* 090_ug_and_ug_nmo_waves_display
£} 100_cor_stack_trace

&4 110_cor_sum

Processing flow >> My Borehole / SP / 110_cor_sum % | Allmodules

e »

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

2 Flow status

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

Datal/o *
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 «
a x

The “pseudo-section” generated by the flow may look like this:

[Ad 110_cor_sum < SPO < My Borehole < My V5P Project

Zoom Common parameters.. View Tools Exit/Stop flow

[15:36:30]

Exit

9  Sam:0)  Amp0 t0ms
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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 making sure that the VSP traces are recorded at the same sampling interval as

the seismic data, and that they have the same length and similar frequency content.

To prepare the reflected wave field, let us create a flow and name it 120 - ug vsp nmo waves for

well tie. The flow will consist of the following modules:

e Trace Input

e Resample

e Trace Length

e Bandpass Filtering
e Trace Header Math
e Trace Editing

e Trace Output

e Screen Display

RadExPro 20214 > > > My VSP Praject

Database Options Tools Windows Help

i processing B Database Navigator
Project tree
» & (D
v & My Borehole
v = spo
£ 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
3% 100_cor_stack_trace
&% 110_cor_sum

£} 120_ug_vsp_nma_waves_for_well_tie

X | Processing flow >> My Borehole / SP0 / 120_ug_vsp_nmo_waves_for_wel.. X | All modules
fE~Tp~ g2 » 2
Trace Input <- sp0_ug_nmo
ReSample
Trace Length
Bandpass Filtering
Trace Header Math
Trace Editing <- tw
Trace Output -> sp0_ug_nmo_for_well_tie

55 Flow status

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

x

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

Data Manipulation «

g X

Let us load the reflected NMO-corrected P-wave field into the flow using the Trace Input

module.
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Trace Input *
Data Sets Sort Fields

MNumber of Ensemble Fields

P

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

Add dataset... Delete |

Datasets masks Add... | Delete |

{+ Selection

=

Add mask. . | |

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

" Database object
[ Memory resort Buffer size (MB) |0 1 |
" Getal
OK | Cancel | =ta

Then let us resample the VSP data to a new sampling interval (the same as for the land seismic
survey data — 2 ms) using the Resample module.

ReSample X

New sample rate:

Number of threads: |(auto) >

e

And set the new trace length equal to 3700 ms using the Trace Length module.

Mew trace length: 3700000000
DK

Cancel |

Now we will use the Bandpass Filtering module to adjust the frequency content of the VVSPdata.
As a rule, seismic data have a lower frequency spectrum than VSP data. Equalization of VSP and
seismic data spectrums improves the quality of tying. The filter parameters should be determined

experimentally based on seismic data analysis. In our example we chose the following filter
parameters:
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Bandpass filtering >

Filter type Filter parameters

" Simple bandpass filter Low-cutramp: 0% |5 {Hz)

* Ormsby bandpass filter ’307 (H2)

(" Butterworth filter

(" Motch filter High-cut ramp: 100% | 50 {Hz)
il 0% | 150 {Hz)

10 9 of trace length

Mumber of threads: |0
0K | Cancel ‘

Let us use the Trace Header Math module to assign a unique index to the reflected wave field —
this will help us distinguish between different data types in the future when they are visualizedtogether.
To assign an index, select an empty header of integer type. In this example we used the trc_type header.

Set its value equal to 3.

Then let us perform top muting using the Trace Editing module. Specify the first arrival pick

after kinematic corrections — tw — as the horizon defining the muting.
Trace Editing X
Trace Editing parameters I Horizon I Second horizon Trace Editing parameters  Horizon I Second horizon I
; ] o Gt @ Pickindatabase ~ Select... | tw
£ Boﬁom muting " Trace header
" Muting in window IK— ms " Specify [cDP
Taper window length 0 ms e o
Editing
(" Zero padding
" Inverse
" Trace kiling
Save templatel Load templatel OK | Cancel | Save templatel Load template[ OK Cancel |
Finally, let us save the data we have prepared under the name of using

the Trace Output module, and output them to the screen using the Screen Display module. The result of
running the flow is shown in the picture below:
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[ 120_ug_vsp_nmo_waves_for_well_tie < 5P0 < My Borehole < My VSP Project  [14:16:52] - [m]
Zoom Common parameters..  View Tools  Exit/Stop flo Help
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Preparation of the corridor stack trace section is done in a similar way. We will do it in a

separate flow — 130

— cor stack for well tie. This flow consists of the same modules with the same

parameters, except for two differences: the corridor stack trace section is input into the flow, and the

trc_type header in those traces is set equal to 2 using the Trace Header Math module. Let us save the

results to the

dataset.

89




RadEXxPro seismic software

Www.radexpro.com

RadExPro 20214 > >> My VSP Project - m] x
Datsbase Options Tools Windows Help
it Processing | B Database Navigator
Project tree % | Processing flow >> My Borehole / SPD / 130_cor_stack_for_well_tie % || All modules x
» & (D EE - %o - B »
v & My Borehole Trace Input <- sp0_cor_summ Datal/O *
v £ spo ReSample Real-Time

£ 010_data_load

£ 020_view_data

&5 030_fbpick

& 040_3C_Orientation+S_pick

& 050_signature_for_deconvolution

Trace Length

Bandpass Filtering

Trace Header Math

Trace Editing <- tw

Trace Qutput -> sp0_cor_summ_for_WT
Screen Display

Static Corrections
Geometry/Headers
Interactive Tools
Signal Processing
Data Enhancement
Deconvolution

€% 060_deconvolution_test Velocity
£ 070_ug_PP Sta:king/EnfEmh.les

Migration
& 080_velocity_model Trace Editing
£¥ 090_ug_and_ug_nmo_waves_display VSP
£ 100_cor_stack_trace Qc
£% 110_cor_sum 3C Processing

Modeling

& 120_ug_vsp_nmo_waves_for_well_tie

&3 130_cor_stack_for_well_tie

57 Flow status

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

Data Manipulation «
8 x

Offset VSP processing

The purpose of offset VSP processing is to select a reflected P-wave field and build migrated
VSP and VSP-CMP sections. To process these data, let us create a second shot point in the project

database — SP1. The offset VSP data processing flow structure is shown below:

RadExPro 2021 »>> My V5P Project

Database  Options Tools Windows Help

ing ) Database Navigator

» 2 | @
v Iz My Borehole
= 5p0
v Esp1
£# 010_data_load
& 020_view_data
£ 030_fbpick
£ 040_3C_Orientation+S_pick

£ 060_deconvolution_test
£ 070_ug_PP
£* 080_migrations

£¥ 050_signature_for_deconvolution

X | Processing flow >> My Borchole / SP1/ 080 _migrations

BB~ %~

53 Flow status

X | All modules

x

Datal/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

Rafractinn ¥

8 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 towards the source point, deconvolution

parameters are tested, and a reflected wave field is selected as a result. The configuration of procedures
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in the flows and their parameters are sometimes slightly different from those used in theprevious 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 will skip those flows in this section and leave it
up to you to familiarize yourself with them. Instead, we will proceed with 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 will consist of the following modules:
e Trace Input
e 2D-3D VSP Migration
e Screen Display

Let us use the Trace Input module to read the reflected P-wave field generated by the previous

flow:
Trace Input *
Data Sets Sort Fields
Mumber of Ensemble Fields
1 -
Mote: Ensembles will be defined
by this number of sort fields.
Add dataset... Delete |
Datasets masks Add... | Delete |
@+ Selection
200-10000
Add mask... | |
™ select from file |
I Load headersonly [ From batch list
i : " Database object |
lemory resor Buffer size (MB) |0
~
OK | Cancel | g

Then we need to use the 2D-3D V'SP Migration module — depending on the parameters, it
allows performing either migration or VSP-CMP transformation.

Use the following parameters to obtain a migrated VVSP section:
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3D V5P Kirchhoff Migration >

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

PS waves migration | 3D output [
Mute unaccesble area V20 velocity model [

|

Z Start of the image

Z End of the image | 4000
Transform only, do notmigrate [ Uneven velocities [

Sample interval of the image
Straightrays [ Extract welociy [

Preferred boundary slope )
Weights: (¥ Kirchhoff, offsetvsp  Derivative: ' none

1T

Preferred slope range " Kirchhoff, walk away vsp 12
" Inverse distance 1
— 20 output geometry — 3D output geometry

" by points Grid origin X IU dx': I 5

Grid arigin ¥ I':| dy": I 5
¥' axis azimuth I 0
& automatidy, using depth
Y, using dep e: 5 Ly:| 200
|3000
dx: I 10 i
™" spine oK | Cancel |

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

3D V5P Kirchhoff Migration >

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

PS waves migration | 3D output [
Mute unaccesble area V20 velocity model [

Z Start of the image

Z End of the image | 4000
Transform only, do not migrate W Uneven velocities [

Sample interval of the image
Straightrays [ Extract welociy [

Preferred boundary slope
Weights: (¥ Kirchhoff, offsetvsp  Derivative: " none

111

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

Grid arigin ¥ I':| dy": I 5
¥' axis azimuth I 0

s automatic L.ISng depth
¥r L':|5 L1':|2|:|D
I

dx: I 10 [~ spline oK | Cancel

The results of running the flow in both cases are shown below.

Migration result:
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28 080_migrations < SP1 < My Borehole < My VSP Project  [13:04:20]

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

Help

(V]

10007

2000+ ————— —

3000~

T8 Sam:76 Amp:0  t152ms

VSP-CMP transformation result:

[ 080_migrations < SP1 < My Borehole < My VSP Project  [13:08:49]

Zoom Common parameters... View Tools Exit/Stopflow Exit

0 eea

10007

———
Zm’
—
e
—

Gl ER == o] =TSl

38 Sami%5 Amp0  £190ms

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.
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RadExPro 20214 >>> My VSP Project
Database Options Tools Windows Help

4} Processing £ Database Navigator

Project tree X | Processing flow >> My Borehole / Well_Tie / 020_well_tie

© Ef R
v Il My Borehole
=1 sPo
= sp1
~ [ Well_Tie
£ 010_seismic_data_load
% 020_well_tie

5= Flow status

% All modules

s

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 will consist of the following modules with parameters shown below:

Seg-Y Input
Trace Header Math
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 *
Fie)  Sample format ————— Sample interval |7-
NP emic s ‘ [~ Take format from file
B ||~ 11126 146 Ry | MNumberof races |35
___ | | ¥ 1BMFloating Point Trace length | 2048
' |

[™ Take byte order from file Use trace
* Big-endian byte order (SEG-Y standard) v weighting

factor
" Little-endian byte order

Sorted by | FFID:OFFSET

& Getal " selection I’*:’*

@ 3Dsurvey ¢ 2D Survey Profie ID I 1

[~ Remap header values

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

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

[~ Frombatchlist | Use numeric sort [ Save EBCDIC headers to folder: I _I

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

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 X
trc_type=1
depth=-1
Line2 Pos9 Use # for comments
Headers colored blue
Errors colored red
oK I Cancel | Check syntax | Load template... | Save template... |

Now let us 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 will consist of the following modules:
e Trace Input
e Trace Input
e Trace Header Math
e Apply Statics
e Trace Input
e Ensemble Equalization
e Trace Length
e Trace Output
e Screen Display
Let us sequentially read the seismic data ( ), the corridor stack trace set (
), 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 let us 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 VVSP data relative to the seismic data. Let us leave it commented out for now — we willneed
it later.

Since the VSP and seismic data may have (and do have) substantially different general gain
levels, let us use the Ensemble Equalization module to equalize amplitudes between ensembles. The

module parameters are shown below:

Ensemble Equalization X

Start time: | ©
End time: | 50000

Morm

* RMS
" Mean
™ Max

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

Then the data will be 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 |4000. [~ tScale [1p C WTNA - =
" W )
Mumber of traces [49p [ XScale | 1o C VA = 0
u (% None
[v¥ Ensemble boundaries -
[ Enable backward frame scrolling Variable density display mode —
Ensembles to saroll 1 ™ Grey £ None 9 Gain [p.15
) ) " RB }
[~ variable spadng (¥ Entire screen Bias(®) |0
' Custom " Individual )
r " Mone [ Show palette
Ensembles' 2
semOies gap Datafvelocity
[ Muliple panels 0 {* Display data
e .
[v Use excursion 2.0 traces 1 s 500.0
1500.0
Axdis... | Show headers. .. |
Plot headers... | Header mark... |
Picks /polygons settings. .. |
Save Template | Load Template | Ok | Cancel

The result of running the flow is shown in the picture below:
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[ 020_well_tie < Well_Tie < My Borehole < My VSP Project  [17:30:32]

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

Help

80P PR LW B®EE W
| —

|-

We can see that seismic and VVSP data are shifted relative to each other. We will need to

introduce a constant shift into the VVSP data in order to tie them to the seismic data. To determine the

amount of 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 is shown in the following picture:

The Screen Display window with selected seismic traces looks like the following:
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I@ili_e_'e' ell_Tie < My Borehole < My VSP Project  [17:33:59] - o

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

R0 ea@ SIS S ==Y

Help

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

1000+

2000+

3000

T3l Sam:) Amp:129  t0ms

Now let us “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 VSP data. To make

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+

After making sure that the reflections match, we need to determine the shift amount by looking
at the values displayed in the status bar. In this case we have shifted the seismic data by 100 ms.

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

B Apply Statics x

{* Manual dt
" Header Word | 0-10:100

Browse, . |
(" Get from database SEIect...l

" Use file File...l |

[ Relative to time 0.00
[™ subtract static
[ Apply fractional statics Maximum number of threads I 0

Save template | Load template | OK I Cancel |

Running the flow with the Apply Statics module enabled should yield the following results:
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[ 020_well_tie < Well_Tie < My Borchale < My VSP Project  [19:16:02] - o X

Zoom Commen parameters... View Teols Exit/Stopflow Exit Help
) (]

0PGBI P B W

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

1000+

2000+

e e o o e T e e

Te107 Sam:85 Amp:  t170ms 4

Printing the processing results (030 — plotting)

This flow is used to output the results of VSP and CMP data tying to any printer compatible
with the Windows operating system or to a standard text or image file format: *.pdf, *.jpg, *.tif, *.bmp
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 b
Dataset
[ Take from batch list | My Borehole\Well_Tie\Tied_data

Sort fields
DEPTH ﬁ—

Add... COP ;L
Delete From t= |[:| to |U (ms)

Selection

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 | ‘ |
General Layout... Harizons...
" 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 sorting by 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 trace set (TRC_TYPE =2), and the
NMO- corrected reflected wave field (TRC_TYPE =3). The DEPTH sorting key allows us to achieve
correct sorting of VVSP 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 picture.

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

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 picture:
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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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7 Layout preview - O X
File View

X & |

DEPTH 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800
1 1 1 1 1 1 1 1 | 1 | 1 | |

CDP 10 20 30
P |

o P e e

DECO Geophysical
My VSP Project
My Area

ell Tie

3000—{oma
s

t(ms)

v

A

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 the 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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Project tree

¥ o [I:-I.:I

v T My Borehole

v [=] SPO
€% 010 _data_load
{2 020_view_data
¢ 030_fbpick
¥ 040_3C_Orientation+5_pick
o 050_signature_for_deconvolution
€% 060 _deconvolution_test
¥ 070_ug_PP
# 080_velocity_model
{5 090_ug_and_ug_nmo_waves_display
€3¢ 100_cor_stack_trace
€% 110 _cor_sum
{5 120_ug_vsp_nmo_waves_for_well_tie
€% 130 _cor_stack_for well_tie

v [=] SP1
€% 010 _data_load
£ 020 _view data
€ 030_fbpick
©# 040_3C_Orientation+5S_pick
i 050_signature_for_deconvolution
%% 060 _deconvolution_test
€* 070_ug_PP
& 080_migrations

v [=] Well_Tie
€% 010 _seismic_data_load
% 020_well_tie
€# 030_plotting
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