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Introduction

This tutorial is designed for users who are beginning to process Vertical Seismic Profiling (VSP)
data with 1t guides you through the standard stages of basic VSP processing,
from data input to building subsurface velocity model and tying VSP data to seismic survey data.

The tutorial assumes that you are already familiar with the fundamentals of the VSP method and
the basic techniques used in VSP data processing. For detailed theoretical backgrouncind M8P
processing procedures applied, refer to the following literature:

HardageB.A. Vertical SeismidProfiling: Principles,Pergamon2000

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

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

The archive includes the following source data for processing:
Offset and zeraffset VSP seismograms in SBGformat (Sp0_raw.sgyspl_raw.sgy
Text files containing geometrg0_geom.txt, spl_geom)txt

Logging traces in LAS formaAK.las, RK.la}

= =2 -4 -9

A synthetic seismogram in SEG format (Seismic data.sgygenerated from logging data and
used for VSRo-seismic tie
Additionally, you @n download a completed project that contains the results of all steps

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

Please notehta t the programés functionality exte
document. Detailed information on module parameters, as well as an overview of other features available
in ;) can be found in the Wser Manualwhich s available for download

from our website.


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

Inputdata

The input data set includes the following files:

Near Shot Point (SP):
1 spO_geom.txt
1 spO_raw.sgy

Far Shot Point (SP):
1 spl_geom.txt
1 spl_raw.sgy

Logging Data:
1 AK.las
1 RK.las

Seismic Data:

1 seismic data.sgy

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

logging curves.

Creatinga RadExPr@&rofessionaproject

All VSP data processing ii is carried out withimprojects A project combines input
data, intermediate results, final outputs, and processing flows into a single database managed by th

environment.

Each projectisstoredinasep at e directory on the computer
is created, its directory is generated automatically. Projects can be transferred between computers &
simply copying the corresponding directory, provided that all required data are\sitiedt.

Launch the Project Manager by clicking on the desktop icon or Start Menu shortcut.
Alternatively, you candunch thé>roject Manageoy runningStarterexd r om t he pr ogr a md
folder. If you did not create the desktop icon Start Menu shortcut during installatioypu canpin

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

> @ OneDrive - Personal

» [ This PC

> [_} Metwork

463 items

1item selected 128 KB

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

SymbolChooser.ocx

R Tapeloader.exe

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

WWW.radexpro.com

FH setect an

10 Select none

E‘F_‘ Invert selection

. [®z] Open ~
Edit
Properties

=2 History

COpen Select

2 Search RadExPro_2021.4

Type Size

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

==

Launchingthe ProjectManagenopensadialogbox displayingthelist of registered projects.

Click Create New then select the paremtrectory in the file system where the project

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

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

Title | My VSP Project |

Create subfolder

Ensure that th€reate subfoldeoption is selected, then cli€K. A subdirectory with the same
name as the projectilvbe created in the chosen directory, and the project will be added to the list of

available (registered) projects.

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

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

Select from disk...

Remove from list

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

tree. At this stage, the tree is empty
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RadExPro 2021.4 > My VSP Project - ] ®

Database Options Tools Windows Help

3 Processing &) Database Navigator
Project tree X || Processing flow % All modules X

i - = o

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

Actions ¥ || 53 Flow status 8 x

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

The main window contains the following panels:
Project Tree displays the structure of the current project.
Processing Flow shows the active processing flow.
All Modulesi lists all available processing modules.

Actionsi displays a history of user actions.

=4 =4 4 A4 -

Flow Statug shows the execution status of the processing flow.

The database has three structural levels:

=

Project Area(upper level)
2. Profile (middle level)
3. Processing Flowlower level)
Each project can inate multipleAreas EachAreacan include sever&rofiles and eaclProfile
can contain sever&lows.
By default, theProject Treglocated on the left side of the main window) contains one area with

one profile and one processingflowr ea1l Y Uowhel Y F
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Project tree LS

» 2 =

4 To Areal
4[5 Linel
& Flowl

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

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

v [ My Borehole
v = LineT
2 Flow

Next, rename Linel to match the name of the first shot i,
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Project tree x

¥ o [[__,l;l

v T My Borehole
v [=] SPO
F Flow1

Finally, rename Flow1 t610 data load

Project tree X

¥ & [[__,|;|

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

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

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

ZerooffsetVSHrocessing

The purpose of zeroffset VSP proessing is to isolate the reflectednve field, create a
velocity model and build a corridor stack trace.
Click the010_data_loadlow in the project tree and observe the center and right panels of the

main window.

Processing flow ¥ | All modules x

] | HE ~ %o ~ I b » =

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

suner Gather
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On the right side of the screen, tA# Modulespanel displays a list of available processing
modules, grouped by function: Data I/O (Data Input/Output), Geometry/Headers, Interactive Tools,
Signal Processing, and others.

The current flow is shown on the left in tReocessing Flowvindow, which is initially empty.

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

Datainputinto theproject(010i dataload)

We will create a flow consisting of ti&=G Y Input, Trace OutpytandScreen Displamodules.
SEGY Input and Trace Outpuiare located in th®ata 1/0O group Screen Displays located in the
Interactive Toolgroup.

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

Modules are added to the flow osiea time To add anoduleto the flow, drag ifrom the library
on the right to th@rocessing Flovarea on the lefiv’hen a module is addedModule Setuplialog box
will open (you can also open this dialog later by dowutlieking the module in the dw). Modules
already in the flow can be repositioned by dragging them up or down.

Find theSEGY Input module in the Data I/O group and add it to the flow. Whenadd the
module, a dialog box will open, promptiggu to specify the data reading paramet&isselect the file,
click on theF i | utonandselectthe datafil e. The parameters related to the file format

will be filled in automatically.

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

factor
" Litde-endian byte order

Sorted by FFID:OFFSET

* Getall 1 Selection | ==

{* 30 Survey f 2D Survey ProfieID i

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

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

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

0K ‘ Cancel |

10
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After adding thesEGY Inputmodule, addhe TraceOutput module This module savathe data
read bySEGY Input to the database. Name tHatabasebject andplaceit on the second
database level ithe SPO profile.

Note. Names of all database objects (seismic datasets, processing flows, etc.ciavlyideflect their content rather than
being arbitrary combinations of letters. Seismitaget names should consist of two parts: the source data identifier gnd the

current processing stage. In this exampie) was chosen to represent the fidlta input stage.

Select dataset... X

Object(s): |5p0_raw| |

» e [] Show objects from sublevels g Set filter text (you can use *a

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

£ >
Cancel
Advice:To prevent accidental overwriting of the datasetcommentbutthe TraceOutput

moduleafterthefirst run.

To monitorthe flow execution,add theScreenDisplay moduleto theflow after Trace Output

and configure itparameters as shown in the figure below.

11
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[%d Display parameters >

—WT/VA display mode
Gain I 0.3

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

Marmalizing Fackor
are

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

MNormalizing factor
" Mone

¥ Entire screen

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

Gain I?
Bias(%a) I 0

" Individual
[T space to maximum ensemble width  None navidua [~ Show palette
Ensembles’ IZ
SembIEs gap Datafvelocity
™ Muliple panels Ilj {* Display data
P j v I —— Palette range
) Display velocity 2L VEIDCIDY .

[¥ Use excursion Iz,a traces Minvel (mfs) | 500.0

ax.vel (mfs) | 1900.0

Axis... I Show headers. .. I (/=)

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

Picks/polygons settings... |

Save Template I Load Template | Ok I Cancel

Theresultingflow shouldlook like thefollowing:

RadExPro 2021.4 >>> My VSP Project - O X

Database Options  Tools Windows Help

{3 Processing £ Database Navigator

Project tree % Processing flow >> My Borehole / SP0 / 010_data_load % || All modules x
» & (@ & fB~= - o » =
v El My Borehole SEG-Y Input <- spO_raw.sgy Data I/O "
v = Spo Trace Output -> sp0_raw Real-Time

Screen Display Static Corrections

% 010_data_load
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

S N N .

Surface Wave Analysis

Actions X G2 Flow status & X
Add module Screen Display from the list »

Add module Trace Output from the list

Add module SEG-Y Input from the list

Rename flow Flow1 -> 010_data_load at t

Load flow Flow1 < SPO < My Borehole ¥

< >

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 trﬁun(@) menu command. Thecreen Displawindow will open and

show the input data as they are read from the file and saveddat#imse. ThecreerDisplaywindow

12
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should look likethis:

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

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

G08ceaCheeEi s W i

1000

20001

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

Note. If the dataset is very large (approaching or exceeding the installed RAimply abovel G B ) FrameddMede
to read the data in smaller frames rather than loading it all at once. You can enable this mode and set the frame size via th
Framed Modeoption in the flow editor.

Assigninggeometry

Assigning geometry to VSP data involves specifyigngumber of geometirelatedvalues for

each trace, which are then stored in the corresponding dataset header fields in the project database. T
required values and their associated header fields are:

1 DEPTHI cable depth
SOU_ELEVI source absolute depth
SOU_Xi source X coadinate
SOU_YT source Y coordinate
REC_ELEV1 receiver absolute depth
REC_Xi receiver X coordinate

REC_Y1 receiver Y coordinate

= = =4 -4 -a -a -2

CHAN T channel number

13
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Import of sourceandreceiverpositioncoordinatesfrom atext file

The GeometrySpreadshedbol in is usedto manageseismicdataheadeffield values
It allowsimporting headersaluesfrom text tables.

Selectthe Database/GeometrSreadsheeimenu itemand choose the dataset

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

&3 Processing  E) Database Navigator

2 | [ show objects from sublevels —‘ s f & M T > b A = ﬂ o fiter text an use * 3 Refresh
v Il My Borehole Name Location Trace count Sorted by Created Modifid
v Bl spo % sp0_raw SPO < My Borehole 876|FFID : OFFSET | 2022-03-19 1..

& 01 0_data_load

Thefigure belowshowsthe GeometrySpreadsheetindow.

14
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Edit Tools

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

17  not assigned

TRACENO

151

152

151

150

149

150

149

146

145

146

145

sp0_raw - Geometry Spreadsheet

FFID

CHAN

OFFSET

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

not assigned

SOU_X

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

not assigned

REC X

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

not assigned

K [

Click the toolbar buttorE on the right to open the list of available headers. You can select
headers and drag them into the table using the left mouse button. For more details on working with the

Geometry Spreadsheeditor, see the

User Manual.

Add the VSP geometry headdosthe editor window. To do this, select the following hesd
from the list on the right (to select multiple heesd press and hold the Ctrl ke])EPTH (cable depth),
SOU_X (sourceX coordinate),SOU_Y (sourceY coordinate),SOU_ELEV (sourceabsolutedepth),
REC_X(receiverX coordinate)REC_Y((receiverY coordinate)REC_ELEV(receiverabsolutedepth),

and CHAN(channehumber).

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

15
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sp0_raw - Geometry Spreadsheet - O X
Edit Tools
DEPTH S0U_X SOUY SOU_ELEV REC_X REC_Y CHAN L E

1 10.000000 not assigned not assigned not assigned not assigned not assigned ﬂ
2 20.000000 not assigned not assigned not assigned not assigned not assigned not assigned 1

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

v

To import header values from a text file, sel€oblsY Import The import setup dialog box
will open. In this dialog, open the)0 geom.ixfile and specify the rules for completing the header
fields.

16
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OTkpbiThe X
o « 3arpyskm > InData > InData v (&) Momck: InData
Ynopsgounte ¥ Hoeasa nanka =z« [N o
Wma [arta usmeHexna Tun Pazmep
s Beictpbiii goctyn _
[ ] AK Koxduryp... 75 Kb
@ OneDrive - Personal [ RrRK Konduryp... 188 Kb
o icmi ®aiin "SGY' 292 K
I 3ror komneioTep _.,i‘ seismic data ®aitn "SGY 292 Kb
[J sp0_geom ®aiin "TXT" 33 Kb
wa USB-naxonutens (F:) " sp0_raw ®aiin "SGY' 13 897 Kb
s
sp1_geom Qaitn "TXT" 17 Kb
@¥ Cem [-_-{ P9 :
) %5 spl_raw ®aiin "SGY' 3529K6
Wms daitna: [spo_geom v l All files v
onsns

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

B! Import Headers X
Matching fields Assign fields Lines 1 1 T T I~ Load inte ]
Add... | Add... | From ‘ 0 » Fie -I I d
I | To | 0 C Finld I -
Ll
o) -
Q # Text table type € Extra
% Delimited y . 0
Multipher Multipler " Fixed width
(1, 1) Column: 1
DEPTH SOU_X sou_v SOU_ELEU REC_X REC_Y REC_ELEU ~

16.00808 -108.88000 57 .440800 -21.38000 0.00000 0.000080 -29.110808

20.00000 -168.88008 57 .44000 -21.38000 0.80000 0.80000 -19.11008

30.000800 -1608 .88008 57 .440080 -21.38000 0.00800 0.00880 -9.11888

hi.000808 -108.88000 57 .4h0008 -21.380008 0.00008 0.000008 -B8.890080

S8.00000 -108 .88008 57 .44000 -21.38008 #.00000 a.000080 10.880080

66.00800 -168 .88008 L7 .4408080 -21.38000 0.0060080 0.00000 20.88000

76.0080808 -108.88000 57 .4h0808 =21.380808 0.00088 B.00088 36.880080

B0.0p000 -108 .88008 57 .44000 -21.38008 8.00800 a.00800 4B.870080

D6.00000 -108.88000 57 .44800 -21.38000 0.00000 0.00000 L8.87000
106.00000 -168.88008 57 .44000 -21.38000 0.80000 0.80000 60.86000
110. 00000 -108 .88008 57 .440800 -21.38000 6.00800 0.00000 70.86000
120.000008 -108.88000 57 .4h00808 -21.38000 0.00008 0.00008 #06.85000
130.00008 -108 .88008 57 .44000 -21.38008 8.00000 a.00000 90.85000
140. 00000 -108 .88000 L7 .448080 -21.38000 0.00000 0.00000 100.84000
158. 000808 -108.88000 57 .44 0808 -21.38080 0.00088 B.00688 118.84008
160. 00000 -108 .88008 57 .44000 -21.38000 8.00000 0.00000 120.83000
170.000008 -108.88000 57 .440800 -21.38000 0.00000 0.00000 130.83000
180. 000008 =108 .88008 57 .44 000 =21.380008 B.0000880 B.000088 140.83000
190. 00000 -108 .88008 57 .44000 -21.38000 0.00000 0.00000 150.83000
200.00000 -108.88000 57 .4h0008 -21.38000 0.00008 0.000080 160.82081
210.00000 -168.88000 57 .445000 -21.38000 0.80000 0.80000 1708.82001
220.00000 -108 .88000 L7 .44080 -21.38000 0.00000 0.00000 180.82001
230.00000 -108.880008 57 .44 000 -21.38080 0.00088 0.00088 198.82001
240. 00000 -108 .88008 57 .44000 -21.38008 8.00000 8.00000 200.820Mm o

| Cancel | Load template... | Save template... | ’Fie—l

There are two lists in the upper part of the window (both are still emagtching fieldssets
17
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the headers by which the program wilatch the data in the table with seismic traeeslAssign fields
are the headexsf which values will be assignddr the matched trace®Ve need to set both lists, and
then assign each of the headers tar ttespectivecolumrsin the file
To set this up, first add ¢lDEPTH field to théMatching Fielddist (click Add and select from
the list). Next, add the fields SOU_X, SOU_Y, SOU_ELEV, REC_X, REC_Y, and REC_ELEYV to the
Assign Fielddist.
After that, specify which columns in the text file corresponezoh ofthe fields listed above the
Set columrbuttons. Tip: if youselectthe header field by leftlicking on it, therplace the cursor in the
correct columnleft-click, andthenclick Set columnthe column number will be filled in automatically.
Finally, define the line range from which the program should read values sirigées: From

Toparameters. An example of properly completed parameters is shown in the figure below.

B | Import Headers X
Matching fields Lines ™ Load with 1D interpolation I
Add... From | 2 [pee <] e -]
Delete T |[23 ]
=
b
Set column Text table type oy
1 @ Delimited 1
Multiplier | 1 " Fixed width
(293, 43) Column: 3
DEPTH SOU_X sou_y SOU_ELEV REC_X REC_Y REC_ELEV A
10. 00800 -168.88000 L7.44000 -21.38000 0.00p00 8. 00000 -29.11008
20.00800 -1608 .88000 57.44000 -21.38000 0.po000 8. 00000 -19.11008
30.00000 -108.88000 5744000 -21.38000 0.00000 0.00000 -9.11000
40.00008 -108.88000 57.44000 -21.38008 0.00000 0.00000 -0.89000
50.00800 -1688 88000 57 .hh0B0 -21.38008 b.00808 8. 00000 10.88000
G0.00800 -188.88000 57 .h4000 -21.38008 b.008080 8. 00000 20.88000
70.00000 -168.88000 L7 .44000 -21.38000 0.00000 8. 00000 30.88000
80. 00000 -1608 .88000 57.44000 -21.38000 0.poe00 8. 00000 Lp.87000
90.00000 -108 88000 57.44000 -21.38000 0.00000 0.00000 50.87000
100.00000 -108.88000 57.44000 -21.38008 0.00000 0.00000 60.86000
110. 00008 -108 .88000 57 .hh0B0 =21.38088 b.00800 8. 00000 70.86000
120.00008 -188 .88000 57 .hh0060 -21.38008 b.00808 8. 00000 80.85000
130. 00000 -188.88000 L7.44000 -21.38008 0.00p00 8. 00000 90.85000
140. 00000 -1688 .88000 57.44000 -21.38000 0.p0p00 0. 00000 100.84000
150. 00000 -108 88000 57.44000 -21.38000 0.00000 0.00000 110.84000
160.00000 -108.88000 57.44000 -21.38000 0.00000 0.00000 120.83000
170.00000 -108.88000 57.44000 -21.38000 0.00000 8.00000 130.83000
180.00008 -188 .88000 57 .hh0B0 -21.38008 b.00B0e B.00000 140.83000
190. 00000 -1688.88000 57.44000 -21.38008 0.00000 0. 00000 150.83000
200.00000 -1608.88000 57.44000 -21.38000 0.00000 8. 00000 160.82001
210.00000 -108 .88000 57 .44000 -21.38000 0.p0000 8. 00000 170.8200m
220.00000 -108..88000 57.44000 -21.38000 0.00000 0.00000 180.82001
230.00008 -108.88000 57.44000 -21.38000 0.00000 8.00000 190.82001
2h4B.00008 -188 .88000 57 .hh0B0 -21.38008 0.0oB0a B.00000 200.820Mm v
oK Cancel Load template... | Save temglate... | Fle... |

When importing header field values from a text file, the program performs the following steps:
all fields used to identify traceMétching Field$ ard all fields to be updatedi\ésign Fields are read
from the specified columns of each text file line. The program then identifies all traces in the selected
seismic dataset whoséatching Fieldsexactly correspond to the values in the line and assigrthbe
values from the line to the specifiddsign Fieldgor these traces.

Before importing the geometry, clicka v e T e impghke bweeright corner of the dialog

box. In the new dialog, seledy Boreholein the Locationfield and enter as the

18



RadEXxPro seismic software www.radexpro.com

Object NameThis will save alkelectecheader values to the database as a template.

Save template... X

Object(s): l geometry_template

[:]Showobpﬁsfrommbhvds g

v [5] My Borehole Name Location
v [ spo
&> 010_data_load

o] o

After saving the template, cliodRK in the Import Headerddialog box. Then, in thep0_rawi
Geometry Spreadshegindow, doubleclick theDEPTHfield to sort the depths in ascending order. You
will notice that each depth value is repeated three times, once for each channel.

sp0_raw - Geometry Spreadsheet * . - O X
Edit Tools
DEPTH SoU_X Sou_y SOU_ELEV REC_X REC_Y REC_ELEV CHAN N 8
1 10.000000 -108.880000 57.440000 -21.379999 0.000000 0.000000 5-291 'IOGﬂ'I o 1 D
2 10.000000 -108.880000 57440000 -21.379999 0.000000 0.000000 I-J.‘Q.'I"IO;.T;J'II o 2
3 10.000000 -108.880000 57.440000 -21.379999 0.000000 0.000000 ~29.110001 3
4 20.000000 -108.880000 57.440000 -21.379999 0.000000 0.000000 ~19.110001 1
5 20.000000 -108.880000 37.440000 -21.379999 0.000000 0.000000 -19.110001 2
6  20.000000 -108.880000 57.440000 -21.379999 0.000000 0.000000 ~19.110001 3
7 30.000000 -108.880000 37.440000 -21.379999 0.000000 0.000000 -9.110000 1
8  30.000000 -108.880000 57.440000 -21.379999 0.000000 0.000000 -9.110000 2
9 30.000000 -108.880000 37.440000 -21.379999 0.000000 0.000000 -9.110000 3
10 40.000000 -108.880000 57440000 -21.379999 0.000000 0.000000 -0.890000 1
11 40.000000 -108.880000 57.440000 -21.379999 0.000000 0.000000 -0.890000 2
12 40.000000 -108.880000 57.440000 -21.379999 0.000000 0.000000 -0.890000 3
13 50.000000 -108.880000 57.440000 -21.379999 0.000000 0.000000 10.880000 1
14 50.000000 -108.880000 57440000 -21.379999 0.000000 0.000000 10.830000 2
15  50.000000 -108.880000 57.440000 -21.379999 0.000000 0.000000 10.880000 3
16  60.000000 -108.880000 57.440000 -21.3799%9 0.000000 0.000000 20.879999 1
17  60.000000 -108.880000 57.440000 -21.379999 0.000000 0.000000 20879999 2
v

You can save the changes to the database by seléctingt Y S a woeby @itkiag¥ese s

when prompted to sav@hanges upon exiting tigeometry Spreadsheet
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Save headers ot

o Do you want to save modified dataset header data?

e [ M

Datavisualization(0207 view data)

Createa newflow in the projectree anchameit 0207 viewdata.

This flow consistsof two procedures:

RadExPro 20214 >>> My VSP Project - O ®

Database Options Tools Windows Help

£} Processing B Database Navigator

Project tree % | Processing flow >> My Borehole / SP0 / 020_view_data X  All modules x
» A |_,|:I E‘ E - %C - EE . » 2
v 15 My Borehole Trace Input <- sp0_raw Data l/O *
v & SPO Screen Display Static Corrections
£ 010 data load Geometry/Headers

; Interactive Tools
© 020_view_data Signal Processing
Data Enhancement
Deconvolution
Velocity
Stacking/Ensembles
Migration
Trace Editing

VSP v

5= Flow status & x

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

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

< >

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

Tracelnput
In the module setup dialog, select the datasetravw. In theSort Fieldsfield, specify CHAN

andDEPTH so that data are sorted first by channel number andoyelepth within each channel. In

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

* Selection

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

I~ Load headersonly |~ From batch list

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

Note

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

the dataset.

However, in someases, sorting alone is insufficient. Theace Header Matmodule can then be used to calcul
header values using equations (see-the User Manual for a detailed description).

For example, if channelsi 3 contain control instrument readings ahe temaining channels contain X, Y,

components, the following expression can be used to populate the COMP header Mithi,tHecomponent indices (if not

already assigned):
comp =cond(char> 3,fmod(chan(3+1),3)+1,-1)

Here, condk, X, y) returns x if the condition c is true, otherwise y, and fmod(x, y) returns the remainder of x
divided by y. After applying this transformaticBOMP = 1 corresponds to the X compon&@®MP = 2 corresponds to
the Y componentCOMP = 3 corresponds the Z componenBubsequent flows and modules working with the X, Y, Z
components will use the COMP header for sorting.

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

ate

z

S point,

ScreerDisplay

Thevisualizationparametersreshownbelow:
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@ Display parameters

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

V¥ Ensemble boundaries
[~ Enable backward frame scrolling

Ensembles to scroll 1
[~ Variable spacing Field |
™ Space to maximum ensemble width
[~ Muliple panels |0_
¥ Use excursion 2.0 traces

AXis... I shnrwheaders...l

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

Picks fpolygons settings... I

X
WT/VA display mode T T
C wrva € MNone o IO'3
O WT ¥ Entire screen Bi y I
EIRTE oLl E olasl Yo ]
r VA r ]—I-I"'I-i 15
" None
Show every I
M-th trace !
Variable density di maode =
e e Normalizing factor — Gain IW
Grey " None .
(% Entire screen Bias(%) |o
" Individual
[~ Show palette
Data/velocity
@ Display data Palette rangs
" Display velodty )

Na, vel Lm)s

Min.vel (mfs) |5‘JU-D
| |1500.U

saveTempiate | LoadTemplate || ok |

Cancel ]
Click theAxisbuttonto configuretheaxisparameters.
Axis Parameters
Time Traces ]
dt  values Lines DEPTH C Different @ Values
pimaryines | [m0 W Lo ] € interval [4000 W
= Multiple
Secondary lines 1000 [ I (+ Different
cHAN | € mterval [T00
" Multiple
Font size |15 ~Margins
Left axi i
[ok | cancel | ;,;ﬁslﬁmm;"sﬁm

To runtheflow, selectheRunmenucommandTheresultshouldappear as shown below
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(@ 020_view_data < SPO < My Borehole < My VSP Project  [11:30:01] = m] X
Zoom Common parameters... View Tools Exit/Stop flow Help

~
74
000 306 fE8506 60 00 66 06 We

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

22001

32001

Tr659 Sam:0 Amp:0 t0ms 4N

The dataare now displayed sorted by channels (components).

PickingP-wavefirst arrivals(03071 fbpick)

Createa new030-fbpick flow containingthe followingmodules
1 Trace Input
1 Resample
1 Trace Length
1

Screen Display
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RadExPro 20214 >>> My VSP Project - O ®

Database Options Tools Windows Help

£} Processing B Database Navigator

Project tree X | Processing flow »> My Borehole / 5P0 / 030_fbpick X All modules x
» & @ B - - 22 > A
v 15 My Borehole Trace Input <- sp0_raw Data l/O *
v £ spo ReSample Static Corrections
& 010_data_load Trace Lerfgth Geometry/Headers
. Screen Display Interactive Tools
% 020_view_data . .
Signal Processing
& 030_fopick Data Enhancement
Deconvolution
Velocity
Stacking/Ensembles
Migration
Trace Editing
VSP v
5 Flow status F x
Actions x
Add module Screen Display from the list ~
Add module Trace Length from the list
:AA e m il D€ ammeln frmme b b . v

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

In the Trace Inpuimodule, configure thparameters as shown below. Sort by CHAN:DEPTH,
as in the previous flow. Only the Z componenprocessed in this flow, which is achieved by limiting

the selection to the third channel: enter 3:* in Siedectiorfield.

Trace Input X
Data Sets | Sort Fields
GAN E Number of Ensemble Fields
1 vl

- »

il Mote: Ensembles will be defined
.’ by this number of sort fields.

Add dataset... Delete |

Datasets masks 1 Add... | Delete ‘
+ Selection
K g

Add mask... ‘ Fals | " select from file File | I

[~ Load headers only [~ From batch list

" Databa ct [Choose |
™ Memoryresort g g cize ™B) ||j piabess dbss [
" Getal
ok | canes |

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

using therResamplanodule. In the module parameters dialog, seNéwsamplerateto 0.1.
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ReSample S
New sample rate 0.1
Number of threads @ 0

OK Cancel

Since only the first arrival times ar ensof
to speed up flow execution. Enter this value inNlesv trace lengtlield of theTrace Lengtimodule.

Trace Length *

New trace length  2000.0

OK Cancel

The final module in the flow iS$creen Displaywhich allows interactive viewing of the first

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

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

Click Run The result®f theflow executionarepresentedbelow:
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[ 020_fopick < SPO < My Borehole < My VSP Project  [11:39:35] = o X

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

A
£
800 306 AE850E 60 66 66 06 Wo

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

200+

400+

800+
10001
12001
14001
16001

1800+

Tr16  Sam:2320 Amp:118  :232.0ms iv

For first arrival picking, adjust the image zoom usingZbemmenuitem. Create a new pick by
selectingToolsY PickY New Pick(or presghe hotkeyN). UseTool s Y Pick Y Pi

to set the picking parameters.

[ 030_fbpick < SPO < My Borehole < My VSP Project  [11:58:44] - ] X
Zoom Common parameters...  View  Tools  Exit/Stop flow  Exit Help
Qro@a@e ’ i\.i\ii\.@\@@ :
Spectrum >
Pick * |+~ Edit picks
QC paolygons > New pick N
DEPTH Wells... Delete pick Del
o7 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... ~S
Blaigate i Load from header...
Reflect header changes in... Save to header({dataset)...
Reflect ident. fields... Save to header(flow)...
Text hint... Export pick...
8007 Impart pick
Save image parameters... mpart preke.
Save image (Ctrl + 1) Pick headers...
1000
Picking parameters...
1200+ Project
Srooth
1400+ Undo
Redo
1600+
1800+
Tr68  Sam:0  Amp:0 t0.0ms S
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We will pick thetrough of thewaveletin autetracing mode between the points. To do this, set
the following picking parametefdetailed information on picking parameters and working with picks is
available in the:adExPraUser Manual):

Picking parameters b
Mode Hunt options.

" Manual " Hunt Correlation Test Local maximum 0.3

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

" Linear Fill  Eraser [ Ensemble boundaries Hunt direction

" Draw along phase g e | 7 |
Parameters Smoothing

" Peak " Zero: Neg2Pas Window length 3 points

* Trough (" Zero: Pos2Neg ey

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

Performpicking offirst arrivalsasshownbelow (a zoomeedn window is shown as well)

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

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

CEEEEEeER "

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

200

10007

12007

16007

Tr29  Sam:0  Amp:-7.37  £0.0ms | A

The autéfill algorithm asconfiguredabove picks thdirst minimum of the wavelet. For the
following flows, the pick needs to be exactly on the first arrivalshi@t the pick fromthe minimum to
thefirst break, hold Shift, rightlick on the pick and drag a few milliseconds so that the giok ithe
first arrival:
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— T

UseTool s Y Pi ctksaxe the pick endek the namgick on the second database
level (SPQ. In ;) picks are normally tied to traces using two headers, which usually ensures a
unique trace identification (for example, channel number and cable depth in VSP, or CMP number anc
offsetin CMP seismic reflectiorsurveys).

In this case, however, we want thiek to be tied only to the cable depth so it can be applied to
all components. For this, select DEPTH for both lgft and right fieldsn thePick Headergah

B Save pick to... X

Object(s): |fopick] |

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

» 2 ‘ [[] show ohjects from sublevels D

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

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

Cancel

Save selection

Orientingtowardsthe sourcepointandpicking S-wavefirst arrivals(04071 3 4

orientation-5 pick)

A convenient method for more accurately determining first arrivals-&nd Swaves is to
convert PMVSP (polarization method) seismograms to the PRT system. In this system, the energy in
thefirst-arrival window is maximized for thd>-componentwhich orients this component towartie
source and concentestthe Rwave energyn it. The Rcomponent, perpendicular to P, contains the
maximumof the S-wave energy, making it suitable for pickitite downgoing and reflected-8aves.

The T-component pmarily contains noise and a small amount of residual wave energy.
To convert a VSP seismogram to the PRT system and determinenireeSirst arrivattimes,
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createa 3 tOrientation+Spick flow.

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

Datsbsse Options Tools Windows Help

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

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

~ =1 spo SSAA Real-Time

3C Orientation Static Corrections

Trace Qutput -> sp0_PRT Geometry/Headers

Data Filter Interactive Tools

£ 030_fbpick Screen Display Signal Processing

& 040_3C_Orientation+S_pick Data Enhancement

Deconvolution

Velocity

Stacking/Ensembles

Migration

Trace Editing

VsP

Qc

3C Processing

Modeling

Data Manipulation

Auto Picking

Interpolation

Marine

% 010_data_load
% 020_view_data

Surface Wave Analysis

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

Add module Data Filter from the list

Add module Trace Qutput from the list

Add module 3C Orientation from the list

Add module SSAA from the list c
< >

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

Theflow consiss of thefollowing procedures:
T Trace Input
1 SSAA
1 3C Orientation
1 Trace Output
 Data Filter
1 Screen Display
The main module of this flovigC Orientation) converts PMVSP seismograms to the PRT system
by maximizing the energy in the window containing the downgoigaf?e on the Romponent.
To performthe conversion, the module sequentially retrieves traces at the same depth from the
X, Y, and Z components. The energy calculation window is specified in the module setup dialog and
begins at the first arrival time of thewave for each trace, which shdube recorded ithe FBPICK
header field.
Before using the 3C Orientation module, include Thece Inpuimodule (to provide properly
sorted data) and the SSAA module (to transfer the first arrival pick 6BR&CK header) in the flow.
After conversionthe seismic traces are saved to a new dataset, and the result is displayed on the scree
In theTrace Inpumodule setup, select the dataset and sort YEPTH:CHAN, as shown

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

The SSAA module calculates seismic attributes within a 1sgpecified window along a given
horizon and writes the results to seismic trace headers. In this example, the module is used to record fir
arrival picks from into the FBPICK header field for eadlate.

Select thePeak Amplitude Timaattribute to be calculated and saved to FBPICK andhset
window lengthto 0.0 to ensurethe exact first break times to be saved to FBRIS#&ectthe
horizonin theHorizon parameter.

The module setup dialogahld appear as shown below:

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

(from the first arrival downwardhsidewhich the energy is measured. The windemgthshould match
the Rwave first arrival waveleength. A window that is too small may cause unstable results, while a
window that is too large may include additional waves, such as reflections from adjacent boundaries ol

waves refracted at boundaries with mode conversion.
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Leave all other parameters<Y Rotation, YZ Rotation, ZX Rotatfjomnchanged. These

parameters, specified in degrees, allow additional rotation of the coordinate system in the respective

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

Window length: |'I 1]

R Rokation: |0.000000

Y2 Rotatior: |0.000000

#Z Rotation: |0.000000
Ok | Cancel

After running the proceder traces with CHAN = 3 will contain thed®@mponent, CHAN = 2

will contain the Rcomponent, and CHAN = 1 will contain thecbmponent.
Next, add the'race Outpumodule to the flow to save the orientation results to the database on

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

2% 010_data_load

¥ 020_view_data

% 030 fbpick

33 040_3C_Orientation+5_pick

Cancel

The remaining parameters ensure reliable display of results on the screeaid hétermodule
allows selecting traces based on header field values. In this example, we display each componer

separately. Té figure below shows the module parameters configured to select onlycthmpdnent

from the data:
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G Data Filter »

Made Keep selection
Header Selection
1 CHaN v 2 =

Selections &
a
=

Take values from file  No (0) -
] Ok Cancel

The flow should end with thecreen Displamoduleto visualize the dat&onfigure the module

parameters as shown in the dialog box below:

[%d Display parameters X
—WT VA display mode —

Fromt= 0.0 to |u.u [T t5cale | 10  WTNA Nﬂrhnglljlzgng Fackor . IF
& wr & e

Mumber of traces ISUU [~ %Scale I 10 Entire screen Bias(%) I—D
" va € Individual

[T Raotate " None .

Shaw ever I
[” Ensemble boundaries M-th tracev '
™ Enable backward frame scroling i araty ety e

Mormalizing factor
Nane

¥ Entire screen

" Individual

Ensembles to scroll I 1 * Grey
[ variable spacing Field I i
" custom  Define, . |

Gain IF
Bias(%%) I 0

™ space to maximun ensemble width = Mone [ Show palette
Ensembles' I 2
sembles gap Datafvelocity
[ Muliple panels I * Display data
E=Ed L ~ E g I Ea—— Palette range —————
. Display velodty EL VEIOCITY. .. |
V¥ Use excursion Iz,n traces Min.wel {m/s) I 500.0
Max.vel (mjs) | 1900.0
Axis, .. I Show headers. .. | (mi=)

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

Picks /polygons settings. .. I

Save Template I Load Template | Ok I Cancel

Axic Parameters

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

By changingthe CHAN valuein the DataFilter module,you can display the corresponding P,

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

[16:24:58]
Help

oo eneeEe® |

1600 1800 2000 2200 2400 2600 2800

(ad 040_3C_Orientation+S_pick < SP0 < My Borehcle < My VSP Project

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

800 Beas
IDEPTH 200 400 600 800 1000 1200 1400
ICHAN

07

1000

VAl

1153 Sem:1768 Amp:-246 £1768ms

CHAN=2 (R-component)

— [m]

X

[16:23:57]

040_3C_Orientation+S_pick < SP0 < My Borehcle < My VSP Project

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

800 aE Bad6

200 400 600 800 1000 1200 1400

00 EECEED

1600 1800 2000 2200 2400 2600 2800

IDEPTH
ICHAN
0

1000+

Help

-

4N

Trd48  Sam:807 Amp:-99.5 807ms
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Help

~

(4 040_3C_Orientation+S_pick < SPO < My Borehole < My VSP Project [16:25:21]

Zoom Common parameters... View Tools Exit/Stop flov.
660 9§00 668066 0000 66 0 W

IDEPTH

ICHAN
0

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

1000

VAl

Tr150  Sem:2414 Amp:-925  £2414ms

Next, use the PR®riented data to pick downgoing and reflected&e arrivals
To trace Swave first arrivals, configure thieata Filter module to select only the-Bomponent

and display it in th&creerDisplaywindow.
Pick the downgoing Svave arrivalsusing theT o o | s  MenuP domrkands, following the

same procedure as for downgoingvRve picking described earlier. The result is shown in the figure

below:
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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
0 06 RBEDEE 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 depth (sameas downgoing P-wave pick

describedhbove).Thensavethe pick underthe S wavedowngoinglname:

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 directwaveto determinethe waveletfor deterministicdeconvolution(0501

signaturefordeconvolution)

Createanew050i signaturefor deconvolutiorflow cortainingthefollowing modules:

1 Trace Input
1 Amplitude correction

1 Apply Statics
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Screen Display
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Trace Output

Amplitude Correction
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RadExPro 20214 >> > My VSP Project

Database Options Tools Windows Help

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

X Processing flow > > My Borehole / 5P0/ 050_signature_for_deconvalution % All medules

(] EB~ o~ o Wk » =
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

52 Flow status

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

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

Surface Wave Analysis ,

g X

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

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

divergence, align the first arrivals usistatic corredons and, if necessary, equalize amplitudes in

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

to produce thevavelet estimate
First, createa flow with the following modules
T Trace Input
1 Amplitudecorrection
1 Apply Statics
1 Amplitude Correction

1 Screen Display

Select theCHAN:DEPTH sorting in theTrace Inpuimoduleparametersin theSelectiorfield,

specify the3:40050000selection rangeThe number &nsureghat only theZ-componenttraces with

CHAN=3) will be processed. The depth range of 80000excludes the uppermost noisy traces (cable
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depths up to 400 m) an dabledepthdonntisde &l eeleveamt datat h e
Trace Input *
Data Sets Sort Fields
‘ CHAN Mumber of Ensemble Fields
""" MNote: Ensembles will be defined
il' il' by this number of sort fields.
Add dataset... Delete ‘
Datasets masks Add... | Delete |
i+ Selection
3:400-50000
Add mask...
e | | " Select from file |
[~ Load headers only [~ From batch list
" Database object
[~ Memaory resort Buffer size (ME) |0 |
l—l " Getal
oK Cancel |

The Amplitude Correction module is usedto correct for sphericaldivergence.Enable the

corresponding option in the module dialog box as shown below:

Ampitucs Camaction
B Time: raiss to powar
) Frpenential rorection [dRyms]

~  Normalization

MNormalization type
Constant time Q
Maximum application tima Q
~ ] Automatic gain conkrol

Operator length [ms|

Type of AGC scalar

Basis for scalar application

Save AGC coeffidents o datasel

~ ] Trace equalizatian

Basis for scaling

Time gate start timea [ms]

Time gate end dme [ms]

~ ] Time variant scaling

Spedify gain furdion along Lrace (ms]) @

S

10 a

0.0

Constanl Lime e
0.0

0.0

0.0

MEARN

CENTERED

MFAN

0.0

oK Cancc

Next, tse theApply Staticsmodule to introduce static shifts so that the direct wave occurs at the

same time across all

between the fvave arrival time recorded i

t r &hift @ppliedtale@ch tranesequialsithetdiffereace e x

and the specified

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

Apply fractional statics Yes (1) >

Maximum number of threads @ 0

QK Cancel

After applyingthe static shifts, equalize the tm amplitudes to compensate for intervals with
substantially lower gain. Add another instance of Ameplitude Correctiormodule to the flow and

enable th@race Equalizatioroption withinthe 804 0 0 ms t i me wi ndow.

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

~  Normalization

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

Save AGC coefficients to dataset

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

v [ Time variant scaling

Specify gain function along trace {tfms]) e

[ Ok Cancel

View the results of the procedures ngsithe Screen Displaymodule, configured with the

parameters shown below:
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[%d Display parameters hd

—WT/VA display mode
Gain I 0.3

Fromt=|0.0 to IlClUU.I [ tscale Im  WTiVA
Bias(%s) Ig

©wr
Number of traces I 300 | XScale I 10 VA
[ Rotate ¢ MNone :

Show every I
Iv Ensemble boundaries I-th krace !

Gain l?
Bias(%) I 0

Matrializing Factor
Maone

¥ Entire screen

 Individual

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

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

MNormalizing factor
Mone

{* Entire screen

" Individual

[ Space to maximum ensemble width

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

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

Mim, el (mfs) | 500.0

Mae, vel (myfs) | 1900.0

Axis... I Show headers... |

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

Picks/polygons settings... I

Save Template I Load Template | Ok I Cancel

Runtheflow. Theresultshouldlook like thefollowing:

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

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

IDEPTH 600 900 1200 1500 1800 2100 2400 2700
ICHAN
0

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

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

e Rt e v o Py ” ‘ - >
!

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

Next, sum the traces to obtain a seismic wavelet. Summation reinforcesptiesandirect wave
while suppressing mosther waves and noise.

Comment out thescreen Displaymodule and add thensemble Stacimodule to the flow.
Configure the module parameters as shown belowAlpteatrimmedparameter removes the specified

percentage of minimum and maximum amplitude vahefsre summation, reducing the effect of Righ
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amplitude bursts and noise.

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

the Trace Inpuimodule. In this case, hsorting field is the CHAN header. Sina# traces in the flow
have the same CHAN value (equal to 3), they will all be summed together theiegecution of the

Ensemble Stacmodule.
Finally, the Trace Outpuimodule savethe resulting dataset to the database under the name

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

e 020_view_data

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

Cancel

Next,the Screen Displamodule with parameters shown in firgure belowis usedo visualize

theresults.
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[ Display parameters

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

v Rotate
Iv Ensemble boundaries

[ Enable backward frame scrolling

Ensembles to scroll I 1
[~ Variable spacing Field |

[~ space ko maximum ensemble width
IZ_

IEI_

IT traces

Ensembles' gap
[ Muliple panels

Iv Use excursion

*

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

Gain IF
Bias(%) Ig—

—

¥ Entire screen
" Individual

Show every
N-th trace

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

 Grey
i RfB
" Custom DeFine...l

& None

—Variable density display mode

Marmalizing Factar
Mone

Gain IF
Bias( %) I 0

[~ show palette

% Ertire screen
€ Individual

Data/velodty
¥ Display data

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

M. wel (mfsy | 500.0

e, vel (mfsy | 1900.0

Save Template I Load Template I Ck I

Cancel I

Select the wiggle tracamethodfor trace displayselectWT/VAin the Display moddield). The
Rotateoption allowsdisplayingthe tracehorizontally.

Click theAxis buttonto configure theaxisparameters:

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

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

Amplitude Correction

£ 020_view_data Screen Display Interactive Tools

& 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 X 55 Flow status 8 x
Edit parameters of the module Screen 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 & v
<

>

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

Runtheflow. Theexpectedesultis shownin thefigure below.

- O X
Help

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

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

S0 ea@ .@.... SEGae® @ W

DEPTH
1] \P.v 300 500

Looking at the stacked tracee observe thahe effective wavelet is about 80 ms long, with its

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

stacked tracand choos@ o ol s Y Sp e c t (hotkey oif tooﬁbaaj. &Vdhethe tool active,
drag wth the left mouse button over the part of the trace you want to analyze.-dppamdow will

appear showing the amplitude spectrum of the selected segment.

A(%)

100—
r/\'\

Q_Hllllllllnln

e I e e O
0 25 50 75 100 125 150 175 200 f {HZ:I'
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Testingdeterministiadeconvolutiorparameter§0601 deconvolutiortest.)

Createatestflow titled 060-deconvolution
This flow will consistof thefollowing modules:
1 Trace Input
Amplitude Correction

1
1 Custom Impulse Trace Transform
ll

Screen Display

RadExPro 2021.4 >>> My VSP Project

Database Options Tools Windows Help

{3 Processing £ Database Navigator

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

~ & spo Amplitude Correction

Custom Impulse Trace Transforms

% 010_data_load i
Screen Display

4 020_view_data

% 030_fbpick

& 040_3C_Orientation+S_pick

S 050_signature_for_deconvolution

% 060_deconvolution_test

55 Flow status

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

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

Surface Wave Analysis ,

= 4

Setthe Tracelnputmoduleparameterasshownin thefigure below:
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Trace Input

Data Sets

Add dataset... |

Delete

Datasets masks

Add mask... |

| Load headers only [ From batch list

[~ Memaory resort

oK | Cancel |

Buffer size (MB) |0

x

Sort Fields

CHAM ‘ Mumber of Ensemble Fields

—|_ Note: Ensembles will be defined
‘ by this number of sort fields.
add.. |  Deete |
{* Selection
3:0-50000

" Select from file |
" Database object |

" Getal

Using the Amplitude Correction module, introduce the correctionfor sphericaldivergence

(enablethe Time raised to powesptionwith a power of L

Ampitucs Camaction
B Time: raiss to powar
) Feponertial corection [cRyfms]
~  Normalization
MNormalization type
Constant time
Maximum application tima
~ ] Automatic gain conkrol

Operator length [ms|

Type G sralar

Basis for scalar applicatian

Save AGC coeffidents o datasel

~ ] Trace equalizatian
Basis for scaling
Time gate start time [ms]
Time gate end dme [ms]

~ ] Time variant scaling

Spedify gain furdion along Lrace (ms]) @

S

10 a

0.0

Constanl Lime e
0.0

0.0

0.0

MEARN

CENTERED

MFAN

0.0

oK Cancc

Deterministic deconvolution can be performed using Ghestom Impulse Tracdransform

moduk. In the module parametergexcify the nameof thewavelet dataseatreated during the previous
step In general, lte trace with the wavelet should havedsbhene sampling interval as the traces to which
deconvolution will be appliedlhis is true, as in this case the wavelet was obthdirectly from the
dataset without any resampling.

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

ok | con

To display the processingesultson the screen,add the ScreenDisplay moduleto the flow.
Display the tracessing the variable density methodgrayscale palette3rey) and set the number of

traceson thescreen equab 300.

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

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

AXiS... | Show headers... |

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

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

To comparethe deconvolutiomesultswith the originaldata,commentout the Custom Impulse
TraceTransformmoduleandruntheflow.

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

Now, without closing thécreen Displawindow, go back to the flow, uncomment thestom
Impulse TraceTransformmodule and run the flow once again. Another ScreenDisplay window

containingthedeconvolution result&ill open:

4 Spectrum -2

File View Scale Parameters

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

Tr236  Sem:i1374 Amp:-0.0663 ©1374ms

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

directly. Open the visualization windows for both datasets and switch between them to see how the
46



seismic software www.radexpro.com

deconvolutionhas sharpened the events. If you want to exanpeetsal changes, use tieo o | s Y
Spectrum Yomane in aaglewindow to display the amplitude spectrum of the selected

records. For easier analysis, you can synchron

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

ReflectedPPwavefield separatiorf0707 ug PP)

Next, PP reflected wavéield needs to be separated for corridor trace computation. This wave
field is estimated on th&-component. In gendrahe procedure akeflected wave separation consists of
picking a travel time curve for a noise wave (any wave dttaer the reflected ondJatteningthe noise
wave using staticorrections, subtracting this wave from the whekl using a twedimensonal spatial
filter, andintroducing inversetaticcorrections.

Createanewflow for reflectedwavefield separation0701 ug PP.

Let us analyzethe input datafirst. To do this, constructa flow consistingof the following
procedures

T Trace Input
1 Amplitude Correction
1 Screen Display

Theparameterareshownbelow.

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

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

™ space to maximum ensemble width
IZ—

ID—

IT traces

Ensembles’ gap
[~ Muliple panels

¥ Use excursion

Axis... I Show headers... |

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

Picks/polygons settings. .. I

" Custom Define...l

& None

€ Individual

Biiast %) I 0

[T show palette

Data/velocity
¥ Display data

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

Mirn el {myf's)

Maz,vel (mfs)

500.0

1500.0

Save Template I Load Template | Ok I

Cancel |

Theresultof running this flowis shownin thefollowing figure:
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(2d

View Tools Exit/Stopflow Ex

880 Bees@e 2008 WS

Downgoing S-wave }

400

800

1000

600
1200
1400
1600

l Downgoing P-wave
1800

2000

2200

2400

2600

2800
|

[Tes6  Sam:1971 Amp:ild8  t1971ms

From thefigure it is clear that the data contains different types of wa@vedowngoing and
reflected Pand Swaves. It is also noticeable that the overall amplitude level varies from trace to trace:
some traces show much lower gain than others.

The first step is to e@lize trace amplitudes using theace Equalizatiomption of theAmplitude
Correctionmodule. This function computes the average amplitude for each trace within a chosen time
window, then scales all samples of the trace by this average value. For tisatipun to work correctly,
the window must include events of the same type on all traces.

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

Add the following modulsto the flow:

Apply Staticsi select the first-arrival pick aghe reference and set the correctioccur
relativeto the time ofL00 ms. For each trace, the applied shift equals the difference between the picked

P-wave arrival and this constant reference time.
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Apply Statics £
Harizon @ My Borehole\SPO\fhpick H|B] #. ||=

@ Relative  time 100.0
Subtract statics Mo (0) w

Apply fractional statics Yes (1) v

Maximum number of threads 9 0
| OK Cancel

Amplitude Correctiori enable theTrace Equalizatia option. Set the time window so that it
covers the downgoing-®ave, which will have been shifted to 100 ms after applying the static
correction. The window should not be too narrow, otherwise the average amplitude calculation may

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

Amplitude Correction »
[ Tirmne raise to power 1.0
[ Exponential correction [dB/ms] 0.0

~ MNormalization

Mormalization type Constant tme
Constant time @ oo
Maximum application time o 0.0
~ [ Automatic gain control
Operator length [ms] 0.0
Type of AGC scalar MEAMN
Basis for scalar application CENTERED

Save AGC coefficients to dataset

~ @ Trace equalization
Basis for scaling MEAN ke
Time gate start time [ms] 80.0
Time gate end time [ms] 400.0
~ [ Time variant scaling

Specify gain function along trace (t[ms]) @

[ Ok Cancel

Add anotherinstance of theXpply Staticsmodule to introduce inverse static corrections. Its
parameters should be the sammdie first instance, except for one differenbeSubtractstaticoption

needs to be enablédintroduceinversestaticcorrections:

50



seismic software www.radexpro.com

Apwly Statics N
Horizon @ My Borehole\SPO\fbpick H| ][ | =
B Relative to time 100.0
Subtract statics Yes (1)
Apply fractional statics Yes (1)
Maximum number of threads @ 0
= ok cancel
At this stage, thélow shouldlook like thefollowing:
1 Trace Input
1 Amplitude Correction
1 Apply Statics
1 Amplitude Correction
1 Apply Statics
1 Screen Display
Theresults offlow executionareshownin thefigure below:
2
A0 Eon e O
oepTH

1000 2000 3000 4000

Spectrum - 2

zooo| File View Scale Parameters
2200 )
| 100—
2400 :
2600 502
2800
| Djﬂ A‘ ID 7' 1:‘!0 |I 1‘0 Hi"lf‘Em“m f(HZ)

Tr104  5am:2889 Amp:0.0756 +2889ms s

Thatgainof differenttracess equalizedasaresultof applyingtheseprocedures.
Next, performthe deterministic deconvolution of the data with the parameters selectad
previousflow. Theresult is showrn thefigure:
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7]

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

e ScaesEEes
DEPTH

File View Scale Parameters

A(%)

100~

Tr130  S5am:3237 Amp:0.00105 £3237ms i

After deterministic deconvolution, the downgoingMve wavelet approaches a zplase

shape. As a result, first arrival

ti mes

now

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

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

preserve the wavelet shape during subsequeting.

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

e ShGoeEea

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

2000
ey,

[Tr:94  Sam:1489 Amp:-0.00118 £1489ms
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To adjust the first arrival pick, load the

pickusingT oo | s

www.radexpro.com

Y Pi c kMoYethe o ad

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

the modified pick under the narie on the second database level.

B Save pick to... X
Object(s): |ﬂ)pid<_afber_deconvoluﬁon |
» = [] show objects from sublevels g Set filter text a3 e *and dcard: |
v T My Borehole ( Location Length Headers Styl
v [=] spo SPO < My Borehole DEPTH : DEPTH
bie 010_data_load S wave .. SP0O < My Borehole 292 DEPTH : DEPTH
e 020_view_data
% 030 fbpick
i 040_3C_Orientation+S..
Lie 050_signature_for_dec...
% nan decanualition test ¥ | [€ *
Save all
Append Pick headers: | DEPTH ~| = |DEPTH ~
Save selection
Cancel

Next, the downgoing Rvavesneed to be removeffom the record. To achieve this, the
downgoing Pwave travel time curve must first Battenedusing static correctiong\pply Staticd. Then
the wave is subtracted from the wave field using adwaeensional spadi filter (2D Spatial Filterind,
and finally, inverse static corrections are applied(y Staticy.

Add these procedures to the flow sequentially and observe the results after each step:

Apply Statics

Aoply Statics

Horizon 0 My Borehole\SPO\fopick after deconvolution H || | us

8 Relative to time 100.0

Subtract statics Mo (0} ™

Apply fractional statics Yes (1)

Maximum number of threads 0 i}
QK Cancel

Theresultof applyingthe procedure ishownbelow:
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(Tr71  Sam:1033 Amp:0.000159 £1033ms

[ 070_ug_PP < SPO < My Borehole < My VSP Project  [17:44:22] - o x
Zoom Common parameters... View Tools Exit/Stop flow  Exit Help
A= S0 EE O

DEPTH

2D Spatial Filtering

>

~  Filter type

Type Alpha-Trimmed Mean

Rejection [%] 30

~  Filter size

Mumber of traces 11
Number of samples 1

Filter mode Subtraction v

oK Cancel

In the

module setup, select tisabtraction modeKilter mode: Subtraction

In this mode, the average value calculated within the window is subtracted from the central sample of
the window. Choose thalphaTrimmed Mearfilter type to minimize the effect of occasional high
amplitude bursts on the result.

Theresult ofapplying theproceduras shownbelow:
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[ 070_ug PP < SPD « My Borehole < My VSP Project  [17:47:13]

Zoom Common parameters...

View Tools

Exit/Stop flow

Exit

1000

500

Tr162  Sam:2036 Amp:-0.000113 £2036ms

1500 2000 2500

G ce@caa e emaes

3000 4000

We canseethatthedowngoingP-wavewassuccessfullysubtractedrom therecord.

Now, inverse gatic correctionsare neededb return the remaining/iaves to their proper times.

To do this, add anoth@rstance of thée

E Apply Zzatcs
Herlzon

B Relative ta time
Subtract statics
Apply fractional statics

Maximum number of threads

moduleto theflow:

e My Barehole\SPOVbpick aller decorwvolulion

1.0
Wes (1)
Yes (1)

® o

Theresultof running theproceduress shownbelow:

QK

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

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

e fe@cea G E@as

3000

500

Trd3  Sam:2579 Amp:-0.000809 £:2579ms

Theprocessindlow should looKike thefollowing atthis stage:

Note that the data fragment circled in red in the figure below containsfadquency component
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