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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 Plus. The Tutorial covers all standard stages of basic VSP
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 (sp0 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 Plus User Manual available for download

from our website.


http://radexpro.ru/upload/File/tutors/cmp/MyProject.zip
http://www.radexpro.ru/

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 Plus project

All VSP data processing in the RadExPro Plus 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 Plus 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 Windows

Start Menu and selecting RadExPro Plus Total 3.90.
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Launching the project manager opens a dialog box with a list of registered projects.

7 RadExPro Project Manager

Registered projects

Project 1
Project 2 _
Project 3 Select project... |

Save list... |

o Loadst.. |
Project directany:

Cancel

Click the New Project 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.

Mew database m|

Title |M_I,I Project

[v Create subfalder

Ok | Cancel

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 the

list of available (registered) projects.



7% RadExPro Project Manager

Reqistered projects

Praject 1 Mew project...

Praoject 2 I
|

Project 3 Select project...

Femove from lizt

Save list... |

o Loadlst.. |
Project directan:

D:ABCMYNYSE TUTORIAL WMy WSP Praject

0k, Cancel

Select the project and click OK.

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

P RadExPro+ 3.90 >>> My VSP Project Ml=1E3
Help ©Options Database Tools  Exit
N
NEW
T,
RENAME
-
THASE]
ME1 DhIClck - Default action; MBZ - Context menu; ME1 - Drag flow ko line o copy "
—

Before starting to work with the project, navigate to the project directory using Windows
Explorer:
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data. Fhil
data.fsp
struct.Fhl
struct.fsp

Create a Data subdirectory in the project directory and copy the source data to it.

Storing all data inside the project directory allows the package to use relative paths for data
files instead of absolute paths. This makes project migration from one computer to another easier.

Return to the main RadExPro window. The RadExPro database has 3 structural levels. The
upper level corresponds to the project area, the middle level — to the profile, and the lower level — to
the processing flow. Right-click the yellow circle, select the Create new area option, and enter a

name for the project area (or borehole for which VSP was performed).

¥ RadExPro+ 3.90 >>> 1

Help Options Database Tools Exit

o Create new area... I

The picture below shows the window prompting you to enter the area (borehole) name:

L 1

Mew area name

IM_I,I Barehold

k. Cancel




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.

Right-click the yellow rectangle with the area name, select Create line, and create a new
profile. Name it after the first shot point — SP0. Create a 010 — data load processing flow in the

same way as you created the new area and the new profile.

F- RadExPro+ 3.90 >>> My VSP Project M=1E3

)

el DhIClick - Default action; MBZ - Context menu; MEL - Drag Flow to line b 2 s

Help Options Database Tools  Exik

(_{My Borehole]{SPO}-010 - data load

Seismic data processing is divided into several stages carried out sequentially. Since the
RadExPro Plus lists the names of database structural elements in alphabetical order, it is
recommended to name the flows in such a way so that they are displayed in correct logical
sequence.

Switch to the flow editing mode by double-clicking the flow name with the left mouse button.
The flow editor window will open. The flow itself is shown in the left part of the window (empty
for now). The right part displays a library of available routines (modules) grouped by their

functional nature.



& My VSP Project/My Borehole/sp0/010 - data input =Jo&d
Help Options Database Tools Run Flow mode...  Exit

Data I/O ||
Trace Input Dttes Inpuit
Trace Output Dater Quetput
VEP Dot Madeling 30 Detee Input
3D Dot Ouiput SEG-D Input
2D Finite Difference ModSuper Gather
GS5T RAMAC/GPR
HOFHC Lamb: Sefid Layer - Sofid modeling
SCS-3 Input SEG-B Input
SEG-Y Input SEG-Y Quiput
Text Output Lavd Text Frace
SEG-2 Input
Signal Processing

Amplitide Correction Bandpass Filtering
DC Removal Hilbert Fransform
Resamplz V5P SDC
Wave field subtraction Trace Math Transforms

Stacking/Ensembles

ME1 - Drag module; Chr+MEL - Copy module; MEL DbIClick - Module Parameters; MBZ - Toggle module; Ctrl+ME 2|

Data input into the project (010 — data load)

Let us create a flow consisting of the SEG-Y Input, Trace QOutput and Screen Display
modules (the SEG-Y Input and Trace Output modules are located in the Data I/O 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/O 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 Sp0_raw.sgy data file.



SEG-Y Input 3
File[z]
DATE

Sample format

Sample interval {4
N 20 146+ R4
- . Mumber of races ,3?57
i
Trace length {4000
W Usze trace weighting factor

» SEGY Mormal byte order [MSE First]
" SEGY Reverse byte order (LSE First)

Sarted by FFID:OFFSET

* Getal © Selection |

f 3D Survey 2D Survey Profile: 1D

[ Remap header value

Add.. Delete | Loadlist. | Savelst.. | | |

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 sp0 — raw and place it on the second database level in the Sp0 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 sp0 — raw was chosen for field data
input.

Select dataset [‘Sz|
Object name |3|:|D - 13w
Objects Location
ETEETN | = My Borehiols
= SPD
010 - data load
Rename... | Delete | Cancel

Advice: To avoid undesirable overwriting of the data in the sp0-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:

Display parameters rz|
Dizplay mode
Fromt= 0.0 to |00 [~ tScale COWwWT A
" wT
Mumber of races 1000 [~ % Scale [T/
o+ G
Additional scalar [ 3 ~ FE-’B}I
-
Bias [p % " Custor
I~ Ensemble boundaries el
. . ™ Mone
™ Wariable spacing & Enlire screen
I~ " Individual
Ensembles' gap
X Auis... | Header mark... |
™ Muliple panels
. Flat headers... | Show headers... |
W Use excursion (2.0 traces
Ficks settings...
Save Template | Load Template | Ok | Cancel |

The resulting flow should look like the following:

%' My VSP Project/My Borehole/SP0/010 - data load

Help Options Database Tools Run  Flow mode,..  Exik
SEG-Y Input <- sp0_raw.sgy Data /O &
Trace Output -= sp0 - raw Trace Input Detet Input
Screen Display Trace Output Data Output

V8P Destar Modeling 3D Dai Input

30 Data Ouiput SEG-D) Input

20D Finite Difference Modeling Super Gather

GSSF RAMAC/GPR

JOFHC Lerreh: Solid Layer - Solid modeling

SC8-3 Inpist SEG-F Input

SEG-Y Inpist SEG-Y Quipnt

Text Ouiput Loeed Text Trace

SEG-2 Input

Signal Processing

ME1 - Drag module; Chkrl+MEL - Copy module; MEL DbIClick - Module Parameters; MEZ - Toggle module; Chrl+MEZ DbIClick - Delete W

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:



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 rather
than 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)

Receiver position X coordinate (REC_X)

2
3
4
5. Surface elevation at the receiver position (REC_ELEV)
6
7. Receiver position Y coordinate (REC_Y)

8

Channel number (CHAN)

Virtually any combination of completed trace headers can be encountered in practice.

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 wvalues from text tables. Select the Database/Geometry

Spreadsheet menu item.

¥ RadExPro+ 3.90 >>> My VSP Project

BEIELESCE Tools  Exit
Load... D A
OB e T

Add data file... | NEW

Database visualization N

Database manager... RENAME

Dataset history... b

Edit header fields. ..

Database management » D

TRASH]

il\'ﬂl DblClick - Default action; MB2 - Context menu; ME1 - Drag flow to line k¢ 2 »

Then select a dataset requiring geometry editing.

Choose dataset

|Dbiect name IspD_raw ‘

Objects Location
zpl_raw =|- My Barehaole
= zpll

010 - data input

Fename... | Delete I Higtory. .. I Ok I Cancell

The picture below shows the Geometry Spreadsheet window.

sp0 - raw - Geometry Spreadsheet |:||§|r>__(|
Fields Edit Tools Exit
A
1
I
0
0
0
0
0
0
s

To show the necessary header fields (all header fields declared in the database already exist

but are not yet displayed), use the Fields / Add fields menu option. When a dialog box opens, press



and hold down the Ctrl key and select the following header fields: DEPTH (cable depth), SOU X
(source X coordinate), SOU_Y (source Y coordinate), SOU_ELEV (source absolute depth), REC_ X
(receiver X coordinate), REC Y (receiver Y coordinate), REC_ELEV (receiver absolute depth), and
CHAN (channel number).

As a result, the header editor window should look like the following:

sp0 - raw - Geometry Spreadsheet

Fields Edit Tools Exit
-~
" owm | sous | souv | soums | mex | mev | momw | cmy
0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 1
20.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 1
30.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 1
40.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 1
£0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 1
60.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 1
T0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 1
$0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 1
»

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 sou geom.txt file and describe the rules for
header field completion in this dialog box. To do this, add the SOURCE field to the Matching
fields list (by clicking the corresponding Add button and selecting it from the list), and the SOU X
field to the Assign Fields field. 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

£

t atching fields Azsign fields Lines
Add.. SO Add... Fram 2
Sou_yY | |
Delets SOU_ELEY Delete | To | [23
REC_x
REC '
Set colurmn Set colurnn T ik e
1 7 @+ Delimited
Multiplier |4 Multiplier |1 " Fived width
[2.107]  Column: 7
DEPTH sSou_x sou_y SOU_ELEY REC_X REC_Y REC_ELEU A
108.080888 -1688.88088 57.44080 -21.3808088 0.08888 8.088088 —29.F1 aae
208.080888 -1688.88088 57.44080 -21.3808088 0.08888 8.088088 -19.11888
30.08088 -1688.88088 57.44080 -21.3808088 0.08888 8.088088 -9.110888
LA.0880888 -1688.88088 57.44000 -21.380688 8.08888 8.8080688 -8.890688
ca.080888 -1688.88088 57.44080 -21.3808088 0.08888 8.088088 108.88088
608.0880888 -1688.88088 57.44080 -21.3808088 0.08888 8.088088 20.880808
70.000008 -108.88088 57.44000 -21.38000 0.0006808 8.80000 30.88000
80.08088 -1688.88088 57.44080 -21.3808088 0.08888 8.088088 4@.87088
9Q.080888 -1688.88088 57.44080 -21.3808088 0.08888 8.088088 5@8.87088
186.686888 -1688.88088 57.44080 -21.3808088 0.08888 8.088088 608.86088
118.6886888 -1688.88088 57.44080 -21.3808088 0.08888 8.088088 708.8600808
128.68868088 -1688.88088 57.44080 -21.3808088 0.08888 8.088088 80.85088
1308.6886808 -1688.88088 57.44080 -21.3808088 0.08888 8.088088 9@.85088
140_08080 -1688 .88088 57.448008 -21.38000 8.08680888 8.80000 1680.84080
158.68868088 -1688.88088 57.44080 -21.3808088 0.08888 8.088088 118.8408088
168.6868088 -1688.88088 57.44080 -21.3808088 0.08888 8.088088 128.830088
178.0886888 -1688.88088 57.44008 -21.380088 0.0688688 8.88088 136.83888 v
< ¥
ak | 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 header

fields (Assign fields) for all these traces.

Before importing geometry, click Save template... in the lower right corner of the dialog box. A

new dialog box will open. Select My Borehole in the Location field and enter the name

(geometry_template) in the Object name field. This will save all header values to the database as

a template.

Sawve template...

3

Object hame |geometry_tem|:-late
Objects Location
Fenarme... Delete




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

-103.83000 £7.44000 -21.38000 0.00000 0.00000 -29.11000 1
ll] 00non -108.23000 57.44000 -21.38000 0.00000 000000 -19.11000 152 I
10.00000 -108.83000 £7.44000 -21.38000 0.00000 0.00000 -29.11000 152 3
20.00000 -108.23000 £7.44000 -21.38000 0.00000 000000 -19.11000 151 1
20.00000 -108.83000 £7.44000 -21.38000 0.00000 0.00000 -19.11000 151 z
20.00000 -108.23000 £7.44000 -21.38000 0.00000 000000 -19.11000 151 3
30.00000 -108.38000 57.44000 -21.38000 0.00000 000000 -2. 11000 152 1
30.00000 -103.83000 £7.44000 -21.38000 0.00000 0.00000 -2.11000 152 z
30.00000 -108.33000 57.44000 -21.38000 0.00000 000000 -2. 11000 152 3
40.00000 -108.83000 £7.44000 -21.38000 0.00000 0.00000 -0.89000 151 1

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.

Geometry spreadsheet

\ ?/ Do wou want ko save changes before exit?
o

HeT OTHEHS |

Data visualization (020 — view data)

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

¥+ RadExPro+ 3.90 >>> 1
Help ©Options Database Tools  Exit

My EurehuleHSPD‘—leD ~ data load|

020 - view data) D

N
RENAME
p

\J

TRASH)

ME1 DblClick - Default action; MBZ - Context menu; ME1 - Drag fow ko lin o

This flow consists of two procedures:



Trace Input <-sp0 - raw
Screen Display

Trace Input
Select the dataset named sp0-raw in the module setup dialog box. Specify the CHAN and

DEPTH 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).

£

Trace [nput
DataSes SortFieds

| | b— |

Add.. Delete adt. | Dok

t" Selection

A

 Select o file

" Databaze object
Jk | Cancel & Gelal

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 specified
in the form of equations (for a detailed module description, see the RadExPro Plus 3.90 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:

x)

Display parameters

Dizplay mode
Fromt= (0.0 ta |00 [~ tScale 7 WTA
= WT

Mumber of aces (900 [ % Scale 7 WA

- (o Gray
Additional scalar [ 3 ~ R/B
-
Bias ,g—z " Custor
[¥ Ensemble boundaries Narmalizing factor
" None

[ Wariahle spacing {* Entire zcreen

™ T Individual

Erzembles' gap |2
[ Muliple panels

Header mark... |

Flat headers... | Showheaders...|

[v Lzeexcursion |20 traces
Ficks seftings. ..
Save Template | Load Template | Ok | Cancel |

Click the Axis button to set up axis parameters.

Axis Parameters

Time Traces
dx Walles

dt Valyes " Different
. . DEPTH " Interval [0 v
Primary lines lo00.d 3 & Mulliple -
Secondary lines | |100.0 N {* Different
__CHAN | jerval [flmo
" Multiple

Font size |10 I arging
Left aris T ;
=0 Op axis
ITI Cancel | margin DT gt 20 mm

To run the flow, select the Run menu command. The result should look like the following:
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Here we see the data sorted by channels (components).

Picking P-wave first arrivals (030 — fbpick)

¥ RadExPro+ 3.90 »>> 1

Help

Options Database Tools  Exit

{_+—]My Borehole}{sP0}-{010 - data load]

020 - view datal

]2

030 - fhpick] NEW
2N,
RENAME

io(

TRAS
ME1 DbiClick - Default action; MEZ - Context menu; ME1 - Drag Flow talin g«
——

Create a new 030-fbpick flow consisting of the following procedures:

TraceInput <-sp0 - raw
Resample

Trace Length
Screen Display

Select the Trace Input module parameters as shown below. Select sorting by channel number
and depth — CHAN: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.
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To increase the accuracy of determining the first arrival times, it is advised to first resample
the data to a considerably smaller sample interval. To do this, we will use the Resample module.

Enter the new sample interval value — 0.1 — in the module parameter dialog box.

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.

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.
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Click Run. The results of executing the flow are presented below:
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For first arrival picking, adjust the image zoom using the Zoom menu item.

Before creating a new pick, you need to specify header fields used to tie the pick to the traces.
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.

Use the Tools/Pick/Pick headers menu item to create pick header fields. The Pick headers
dialog box will open. You need to select DEPTH headers containing cable depth values both in the
left and right fields of this dialog box.

The Pick/New pick menu item allows creating a new pick. Use the Pick/Picking mode menu
item to select picking parameters. 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
Plus 3.90 User Manual):

Picking mode
Mode Parameters
" Peak
" Through

(" Zero: Neg2Pos

£ Linear Fil
 Hunt v Zero PosZMNeq
Guide window length (0.0
Hunt options
[ Caorrelation Test Local maxirmum level (0000
Halt treshold [g oop Correlation window [ms] (7.0
i) | Cancel |

Perform picking of first arrivals as shown below:
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Use the Tools/Pick/Save as menu item to save the pick under the name of fbpick on the

second database level (SPO).

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 contains
noise 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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The flow will consist of the following procedures:

Trace Input <- sp0 - raw
SSAA

3C Orientation

Trace Output -= sp0 - PRT
Data Filter

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 FBPICK 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 FBPICK
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 sp0-raw dataset and DEPTH:CHAN sorting in the Trace Imput module setup

dialog box as shown in the picture below.
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Note
Before performing orientation to the PRT system, you will need to make sure the FBPICK header field exists
and create it if there is no such field.
Creating the FBPICK header field. Open the Database tab and select Edit header fields... in the window
containing the flow tree. Press Insert on the keyboard and enter parameters in the dialog box as shown below:
[
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After you do that, a FBPICK header will appear in the header table.

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
example we will use the module to write fbpick pick times to the FBPICK header field for each
trace in 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:
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Select the fbpick horizon on the second Horizon tab as shown in the picture below:
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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:



3C Orientation Parameters

‘window length:

' Fiotatior: |0.000000

YZ Fiotatior: |0.000000

#Z Rotation: |D_DDDDUD
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 SP0 level under the sp0-PRT name as shown in the picture below:

Select dataset g|

Object name |spD -PRT|

Objects Location

=I- My Eorehole
-1 5P0
01C - dataload
02C - view data
03C - fbpick
04C - 3C orientation
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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 parameters

" Ma filter
(+ Match selection
" Da nat match selection

chan

2

ok | 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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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:
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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.
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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.

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 going1 name:

Save pick
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= Save al €€ Save selectior
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Ok I Cancell




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

deconvolution)

¥+ RadExPro+ 3.90 >>> My VSP Project
Help ©ptions Database Tools  Exit

Fa
{ My Borehole}-[SPO}{D10 - data load| D =

040 - 3C orientation + § pu:k| RENAME
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ME1 DblClick - Default action; MEZ - Context menu; MEL - Drag flow to line ko copy

| &

Create a 050 — signature for deconvolution flow consisting of the following modules:

Trace Input <- sp0 - raw
Amplitude Correction
Apply Statics

Amplitude Correction
Ensemble Stack

Y3} Seraen Display

Trace Output -= sp0 - sigmatwre for deconvelution
Screen Display

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:

Trace Input <-sp0 - raw
Amplitude Correction
Apply Statics
Amplitude Correction
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-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.
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The Amplitude Correction module is used here to make correction for spherical divergence.

Enable the appropriate option in its dialog box:

Amplitude Correction

Action to apply .
I+ Spherical divergence correction [1/s) 1.000000
I Expaonential correction  [dBfs)
I” Automatical Gain Control.
~ETI
I” Trace equalization.
™ Time Variant Scaling

0K ‘ Canrel




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 fbpick pick and the specified constant time (100 ms). Set the module

parameters as shown in the picture below:
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" Manual
" Header #ord
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[T Subtract static
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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 fgl
Action to apply:

I~ Spherical divergenee corrcction  [1/5)

I~ Exponential correction  [dBfs]

I Automatical Gain Control.

YL |

[# Trace equalization. Basis for scaling : MEAN
Time gate starttime [ms] 30.000000
Time gate end time [ms] 400.000000

™ Time Variant Scaling

0K ‘ Cancel

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

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

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.



Select the 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

(% &lpha trimmed i %
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Iv Treat zero as result of rmuting

QK | Cancel |

Using the Trace Output module, save the generated dataset to the database under the sp0-
decon impulse name. Use the Screen Display module with parameters shown in the picture below

to visualize the results.
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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:
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The resulting flow should look like the following:

Trace Input <-sp0 - raw

Amplitude Correction

Apply Statics

Amplitude Correction

***Screen Display

Ensemble Stack

Trace Output -> sp0 - decon impulse
Screen Display

Run the flow. The result is shown in the picture below.
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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. 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.

' RadExPro+ 3.90 >>> My VSP Project M=
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This flow will consist of the following modules:

Trace Input <- sp0 - raw
Amplitude Correction
Deconvolution

Screen Display

Set the Trace Input module parameters as shown in the picture below:
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Using the Amplitude Correction module, introduce correction for spherical divergence

(enable the Spherical divergence correction option).

Deterministic deconvolution can be performed using the Deconvolution module. Specify the
name of the file containing the wavelet in the module parameters. It should be a binary file using R4
IEEE 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 default, the
RadExPro Plus 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:
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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.

To compare the results of applying deconvolution with the source data, comment out the
Deconvolution module and run the flow.

Before deconvolution, the data look like the following:
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Now, without closing the Screen Display window, go back to the flow, uncomment the
Deconvolution module and run the flow once again. Another Screen Display window containing

the deconvolution results will open:
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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.

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.
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Let us analyze the input data. To do this, we will construct a flow consisting of the following

procedures:

Trace Input <- sp0 - raw
Amplitude Correction
Screen Display

The procedure parameters are shown below.
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Amplitude Correction
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The result of applying the procedures is shown in the picture:
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We can see from the picture that the data includes waves of different types — downgoing and
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 fbpick 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.

..- Apply Statics EI

.................

" Header ‘Woaord
* Get from databas Select...  [fbpick

" Use file |
[v Relative to time 100.00

[ Subhact static
Iv Apply fractional statics

Save template| Load template | k. | 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:



Amplitude Correction

X]

Action to apply :
| Spherical divergence correction  [1/s)
I Exponential correction  [dB{s]
I Automatical Gain Control.
TR

¥ Trace equalization. Basis for scaling : MEAN

Time gate start time [ms] 80.000000

Time gate end time [ms] 400.000000

™ Time Variant Scaling

0K ‘ Cancel

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:

l- Apply Statics El

" Manual
™~ Header Word

% Get from databas Select...  |[fbpick
™ Use file |

¥ Relative to time 100.00

Iv Subtract static
¥ Apply fractional statics

Save template | Load template | (] | Catcel

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

Trace Input =- sp0 - raw
Amplitude Correction
Apply Statics

Amplitude Correction
Apply Statics

Screen Display

The results of flow execution are shown in the picture below:
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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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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 wavelet
rather 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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To do this, load the fbpick 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
mouse button. Save the pick under the fbpick after deconvolution name on the second database

level.

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:



B Apply Statics

£ Manuat
™ Header Word

+ Get from databas Select...  |fbpick

 Usefie [
v Relative to time 100,00

[ Subtract static
W Apply fractional statics

Save templale| Load template| ak. | Cancel

The result of applying the procedure is shown below:

4 e e e 0w .

2D Spatial Filtering:



&

2-D Spatial Filtering

Type of filter to be applied:
— 2-D Mean

" 2-D Median

+ Alpha-Trimmed Mean:

Number of traces for 2-D filter: |11
Number of Samples for 2-D filter: |1

Application mode for 2-D filter:

" Normal
= Subtraction

Rejection percentage for spatial filter: |30

OK Cancel

Select the subtraction mode (Application mode for 2D filter: 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.

The result of applying the procedure is shown below:
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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
waves to their proper times. To do this, we will add another instance of the Apply Statics module to

the flow:



B Apply Statics

" Header ‘Word
{* Get from databas Select... |f|:u|:uiu:k

" Use file |
[v Relative ta time 100.00

v Subtract static
v Apply fractional statics

Save template| Load template| (] 4 | Cancel

The result of running the procedures is shown below:
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The processing flow should look like the following at this stage:

Trace Input <- sp0 - raw
Amplitude Correction
Apply Statics

Amplitude Correction
Apply Statics
Deconvalution

Apply Statics

21D Spatial Filtering
Apply Statics

Sereen Display

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

component unlike the rest of the record.
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Therefore we will need to apply band-pass filtering in the window before proceeding with
noise 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 nonstationary predictive
deconvolution with frequency range limitation. Since it allows processing in individual windows
with different parameters (including different frequency ranges) for each window, it can be used 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 decon gate.
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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 Nonstationary

Predictive Deconvolution module parameters:



Predictive deconvolution

X

Input data
¥ Zero phase input data

Multiplication parameters

Mumber of basis
furctions
Expotent parameter |

Subtraction parameters

Window uze 1D gsb?gecrt‘?;lr?n
Filter length |U -0 samples
Harnming tapering |g 0 samples

window length
White noige level |1 1

Processing Widows Use adjacent races
Add Delete Filter averaging base [tr] [

gate for fitering

Accuracy  [1e-005

I™ Restore amplitudes

T apering length W zamples -
Averaging base [zamples) ,—
Band tranzform (v
Hz
Hz

Lawi fraquency |4_ 000000 : 17.000000

High frequency  [250,000000 : 250.000000

oK | Cancel |

Here the gate for filtering 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. The deconvolution operator length is set to zero for both windows (Filter length 0:0). It
means that frequency range limiting will be performed without actual deconvolution. Enable the
Band transform option and set the pass band equal to 4-250 Hz for the first window (before the
pick) and 17-250 Hz for the second window (after the pick) (Low frequency 4:17, High frequency
250:250), as shown in the picture.

The result of applying the procedure is shown below:
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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.

After that, bring the S-wave travel time curve to the vertical line (time = 2500 ms), subtract

the wave, and introduce inverse static corrections.

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



Trace Input =- sp0 - raw
Amplitude Correction
Apply Statics

Amplitude Correction
Apply Statics
Deconvolution

Apply Statics

2Dy Spatial Filtering
Apply Statics
Nenstationany predictive deconvelution
Trace Length

Apply Statics

2y Spatial Filtering
Apply Statics

Screen Display

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

Trace Length
Trace Length Parameters
Mew trace length:
Ok | Cancel
Apply Statics
I Apply Statics [z|

Maruat
" Headsr word

(¢ Getfrom databas  Select. |5 wave down goingl

 Use iz '|

¥ Relative to tims

2500.0C
[ Subtrect static

[V &pply ‘ractional statics

Save template | Load template | oK |

Canicel

2D Spatial Filtering



2-D Spatial Filtering

Type of fliter to be applied:
 2-D Mean
ha—TrlmmP.rI Mean:

Number of traces for 2-D filler: |11
MNumber ot 5amples tor Z-L filer: |1

Applicatlon mode for 2-D fliter:

T Nnrmal
‘ Subtraction

Rejection percentage or spatial filter: |30 ‘

[1].4 Canrel

Apply Statics

M Apply Statics

X

™ Headerword

(* [et from databas Seect.. (S wave Jown qonal

" Use file [
[V Relative to time 2500.00

[+ Subtrac: static

¥ Apply fractional statics

Save template | Load template | ] | Cancel

The result of applying the procedures is shown in the picture below:
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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 S wave down going2 name.
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Use the same set of modules to subtract those fragments: Apply Statics (S wave down
going2 pick, Relative to time 4000), 2-D Spatial Filtering (filter type: Alpha-Trimmed Mean,
window size: 9 traces per sample, Subtraction mode), and another Apply Statics (same parameters
as for the first one, but with Subtract Statics enabled).

The result of applying the procedures is shown in the following picture:
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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 burst

noises. The module parameters are shown below:

BurstNoseRemoval [

window size for average value calculation [races)
Rejection percentage (%) 20

Do niot change anplitudes lower then (%] of the average

1177

Modify values when exceed average in more then M times

Cancel |

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



200

A

0

v

Ly

b 1l1}

1300

1600

1300

2000

U

Tan

200

2500

Irie San LU Orpil UULYE B Une =

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

frequencies in the module setup dialog box.

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:



Trace Math Parameters

Mode:
" Trace/Trace

Operation:
" Add Scalar

™ Scalar minus Sample
* tultiply by Scalar

" Divide Scalar by Sample

T Y 9

" Reverse Trace

* Scalar
" Header

9

—

Divide threzhold: |D.U'|

ar. | Cancel

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

the parameters shown below:

Muting I Horizan ]

" Battarm muting

" Trace kiling

7 Muting in window s
T aper window length 0

Save template ‘ Load template | Ok | OTreHa |

Trace Editing [$__<|

Muting Horizan ]

Select... fopick after decon
" Trace header

" Specify

Save template| Load template| Ok | OTreHa |

Use the first arrival pick shifted after deconvolution fbpick after decon as the horizon

defining the muting.



The result of running the procedures is shown in the picture below:
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Finally, save the resulting reflected P-wave field to the database under the name of

sp0_PPwave_ug using the Trace Output module:

Trace Output
File. . spll P_wave_ug ; My Boreholet SP0Nep0_P_wave_ug

W Store headers outside database Output sample format & B4 12 O 1

Cancel

The resulting flow should look like the following:



Trace Input <- sp0 - raw
Amplitude Correction
Apply Statics

Amplitude Correction
Apply Statics
Deconvelution

Apply Statics

1D Spatial Filtering
Apply Statics
Nonstationary predictive deconvolution
Trace Length

Apply Statics

1D Spatial Filtering
Apply Statics

Apply Statics

2D Spatial Filtering
Apply Statics

Burst Noise Remowval
Bandpass Filtering
Trace Math

Trace Editing

Trace Output -> spll P wave ug
Screen Display

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.

Building a velocity model (080 — velocity model)
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TRASH|
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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:



Trace Input <- sp0_P wave ug
BEAA
Advanced V5P Dispaly

In the Trace Input module, select the dataset created by the previous flow containing the
reflected P-waves — sp0_P_wave _ug. Select one sorting key: DEPTH, and enter * in the Selection

field since we are going to read the entire data range.

The actual building of the velocity model takes place in the Advanced VSP Display module.
The seismogram that is input into the module should contain downgoing P-wave first arrival times
in the FBPICK header field. We will use the SSAA module to copy those times from the fbpick
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 0 in the Window length field (search window length). Select the FBPICK header

field where the values will be written from the drop-down list on the right.

SSAA

Attributes l Harizan ]

Attributes

Altribute Trace header
™ Peak hequency | | T RMS Amplitude
I Centroid frequency [~ Amplitude

[~ Apparent frequency [+ Pick amplitude time FEFICK -
[ Misible frequency [ Through amplitude tire:
[ Bandwidth ™ Max absolute amp. time

[ Peak amplituds [ 5/M Ratio

I~ Thraugh amplitude [ Resolving power
[ Max absolute amp. [ Time shift
“wéindow length |

+ Syummetric " Up " Down

Save template| Load template| ak | OrtreHa |

Specity the fbpick first arrival pick as the horizon on the second tab of the dialog window.




SSAA

Attributes Horizon |

Select... |fbpick
" Trace header I Browse |

" Specify

Save template| Load templatel ak. I OrraeHa

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

VSP Display Parameters

Carotage data [LAS) file [DATAVAE. las Browse. .. |
LAS column namefs] 4K, Edit... |

Load mode! file IDATA\M_I,I wsp P-wave madel. mdl Browse... |

Save model file ID.&TA\M_I,I wep P-wave model. rdl Browse...

J

—Depth Time

Start £ [m] ID Start time [ms]lu
End Z [m) ID End time [me] 3000
Altitude corection ID

— Trace Dizplay
Trace scals ID_5 Trace step (m) |1 i
—Welocity Aftenuation

Intereal welocity |3
calc. baze [rec) Get amplitudes from :
Regularic parameter ID_15 Iccp EliaEe... |

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.

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

appear:
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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.

- 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.
- To move a layer boundary, “grab” it using the left mouse button, drag the boundary to the new
position, and release the mouse button.

« 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:

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



2F ysp Deiplay

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

—=v Tods fle | Erowse...
Fertrace file | Erowze..

Lay model file — file containing the layer velocity model

Per-trace file — file containing the per-trace table with two-way vertical travel time curve

values as well as average and layer velocity values.

Reflected wave field visualization and introduction of the NMO-corrections (090 — ug and ug nmo

waves display)

¥+ RadExPro+ 3,90 >>> iy VSP Project
Help Options Database Tools Exit

(O My Borehole D10 - data load|

1020 _ view data D
1030 - Mopick] NEW

040 - 3C orientation + § pick]
050 - signature for deconvolution|

060 - deconvolution test| R@E
-070 - ug PP
080 - velosity model] D
-090 - ug and ug nino waves display|
| TRASH
ME1 DblClck - Defaul: action; MEZ - Cantext meru; MEL - Drag Flow ta ine to copy v

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

the following modules:



Trace Input <- sp0_P_wave_ug
Amplitude Correction

Trace Editing

VSP NMO

Trace Length

Resample

Trace Output -> sp0_ug_nmo
Screen Display

Specify the sp0_P_wave ug dataset and sorting by the DEPTH field in the Trace Input

module.

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

fbpick for mute pick as the horizon for muting.
Use the V'SP NMO module to introduce Normal Move-Out (NMO) corrections into the VSP

data. The module parameters are shown in the picture:

VSP NMO X

Edit parameters

Mew sourcereceiver position

Source elevation |0 Cancel |
Receiver elevation |0 Depth step |2E|
Source to receiver harizantal distance |0

Speed model file

DaTa My vep P-wave model mdl Browze.

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.
Using the Trace Output module, save the results to the sp0_ug_nmo dataset.

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

following parameters:



Display parameters

-

Fromt= 0.0 to [4000. |~ tScale
MHumber of races (300 [ % Scale
Additional scalar [p 2

¥ Rotate

Bias [p o

™ Ensemble boundaries

™ Wariable spacing

Enzembles' gap
[ Muliple panels
[~ Use excursion traces

Save Template | Load Template |

Display mode
& WT A
" WT
WA
" Gray
" R/E
" Custor
Marmalizing factor
" MNane
" Entire screen
% Individual
Aris... | Header mark... |
Flot headers... | Show headers... |
Picks zettings...
Ok | Cancel |

The result of running the flow is shown in the picture below:
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Using two picks, select the window for building a corridor stack trace as shown in the picture

below:
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Save the first arrival pick (shown in yellow in the picture) under the tw 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 cor summ name (save both picks to the second level of the project tree).

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.

¥ RadExPro+ 3.90 >>> My ¥SP Project

The ﬂOW Wi Help  ©Options Datsbase Tools  Exit
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070 - ug PP L
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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:

Trace Input g|
Data Sets Sort Fields

Add.. Delete | Add.. | Delete |

{* Selection

" Select from file

" Databaze object
0K | Cancel | ™ Getal

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.

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:

Ensemble Stack gl

Mode
™ Mean

" Median

« Alpha birirned 30
" Coherent stack |30 %
‘window [traces] |2

Filter length [ms] |E0

o8

v Treat zero as result of muting

Cancel |




Enable Automatic gain control in the Amplitude correction module (set 1000 ms operator length).

Amplitude Correction E|

Action to apply

[ Spherical divergence comection

I Ew=ponertial comection [dB /nsf

v fntnmatical gain contrnl
Operatar lzngth [hs] Tupe of AGC scalar B ask for scalar application
[1000 [MZaN = | [FFNTFRFD |

[ Trace equalization
Basiz tor scalng 1 ime gate start bire [h:) | ime gate end bime [rs)

[ Time vanant scaling

Specify amplifying law alongtrace [t - [ne]]
Example farmat: F1:k1 0203k, ik

Using the Trace Output module, save the resulting trace to a separate dataset named sp0-cor stack.

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:

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. Using the Trace OQutput module, save the result to a new
dataset — sp0-cor stack. 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:



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

Trace Input =- sp0_ug_nmo

Resample

Trace Length

Bandpass Filtering

Trace Header Math

Trace Editing

Trace Output -= sp0-ug nmo for well tie
Screen Display

Let us load the reflected NMO-corrected P-wave field into the flow using the Trace Input module.
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, and set the new trace length equal to 3700 ms

using the Trace Length module.

Now we will use the Bandpass Filtering module to adjust the frequency content of the VSP
data. 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:



Bandpass Filtering

X

" Simple Bandpass filter
* ‘Ormsby Bandpass filter:
" Batterworth filter

" Notch filter

W Low Cut Frequency [Hz)
W Low Pass Frequency [Hz]
W High Pass Frequency [Hz]
’m High Cut Frequency [Hz]

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 visualized

together. To assign an index, select an empty header of integer type. In this example we used the
spfind 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.

Finally, let us save the data we have prepared under the name of sp0-ug nmo for well tie

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

results to the sp0-cor summ for WT dataset.

Trace Input <- sp0-co1T summ
Resample

Trace Length

Bandpass Filtering

Trace Header Math

Trace Editing

Trace Output -= sp0-cor summ for WT
Screen Display




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+ 3.90 >>> My YSP Project
Help ©ptions Database Tools  Exit

|—15P1Hu1u - data load| D .
H020 - view datal NEW
030 - fbpick
H040 - 3C orientation+S§ pick| LY
D60 - signature for deconvolution| HME
H070 - deconvolution test]
110 - ug PP D
120 - migrations|
TRASH|
ME1 DhIClck - Default action; MBZ - Context menu; ME1 - Drag flow ko line bo copy w

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 in the flows and their parameters are sometimes slightly different from those used in the
previous case. Such changes are necessary due to specific properties of certain data, the nature of
noise etc. However, the general processing logic remains the same, so we 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:



Trace Input <- spl P _wave_ug
2D-3D VSP Migration
*w*20-3D VSP Migration
Screen Display

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

Trace Input D__(|
[ata Sets Sort Fieldz

[

Add.. Delete | Add.. | Delete |

f+ Selection

200-10000

" Select from file

(" Databaze object
Ok, | Cancel " Get al

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

Use the following parameters to obtain a migrated VSP section:



3D ¥SP Kirchhoff Migration

X

todel file |D.~'—‘«T;’-‘-.\My wsp P-wave model mdl

' awis azimuth

|3DDD

dw [10 i
b [ Spline K

Z Start of the image |0 PS5 waves migration [ 30 output [
Z End of the image | 4000 Mute Lnaccesible area v B
Transfarm anly, do not migrate [ B
Sample interval of the image |2 SN E E
raight raps
Preferred boundary slope |0 ;
: Weights:  Kirchhoff, offzet vap Defivative: % none
Preferred slope range " Kirchhoff, walk away wsp e )
7 lrwerse distance 1
2(Q outout asametny A0 output geomety
by points
v P Grid origin # | i |

Grid origin ' dy"
% automaticly, using depth L li Ly

‘ Cancel ‘

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

3D ¥SP Kirchhoff Migration

%]

Madel file |DATA\M}I wzp P-wave model.mdl

(Grid origin ¥
Y awis azimuth

|3uun

dw (10 i
4 [ Spline 0k

Z Start of the image |0 PS waves migration [ 30 output [
ZEnd of the image | 4000 Mute unaccesible area [v I
Tranzfarm anly, do not migrate W I
Sample interval of the image |2 Shaicht = -
raight rays
Preferred boundary slope |0 )
raredle] |57 ‘Wweights: ' Kirchhoff, offset vap Derivative: I none
TEleMed siope range " Kirchhoff, walk away vsp v 12
" Inverse distance 1
2{Q outout aeometry 30 output geormetny
by points
VP Grid arigin | " |

dy" Ii

{* automaticly, using depth L ’7 Ly

‘ Cancel ‘

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




Migration result:
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VSP-CMP transformation result:
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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.

Tying VSP data to seismic data (Well Tie)
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020 - well ﬁel

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 <- seismic data.sgy
Trace Header Math
Trace Output -> seismic data

The SEG-Y Input module loads seismic data into the project from a SEG-Y file:
SEG-Y Input |

File(z) Sample format Sample interval [2
DATANzeizmic data. sgy 10 |20 140+ R4

Murmber of traces [
[+ |BM Floating Paint

Trace length 2048

----- | Use trace weighting factar

8
‘ i+ SEGY Maormal byte order [MSE First]
i~ SEGY Reverse byte arder [LSB First]

Sorted by FFID:OFFSET

+ Getall ¢ Selection

(¢ 30 Survey T 20 Survey Prafile 1D

[ Remap header value

Add.. Delete Load list.. | Save list.. |

k. | Caricel

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):




P =

Trace Header Math

shpind=1
depth = -1

Cancel | Load template...| Sawve template. .. |

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

Trace Output [Z|
File... zeizmic data ; My Barehaleseismic data
[+ Store headsrs outside database Output sample fomat & B4 12 © 1

Cancel

Tying VSP data to CMP seismic reflection survey data (020 — well tie)

The flow will consist of the following modules:

Trace Input =- sp0-ug nmo for well tie
Trace Input <- sp0-cor summ for WT
Trace Header Math

*E Apply Statics

Trace Input <- seismic data
Ensemble Equilization

Trace Length

¥ Trace Cuiput -= tied data

screen Display

Let us sequentially read the seismic data (seismic data), the corridor stack trace set (sp0-cor summ
for WT), and the NMO-corrected reflected wave field (sp0-ug nmo for well tie) using separate
instances of the Trace Input module. Specify SFPIND:DEPTH sorting for VSP data and
SFPIND:CDP sorting for seismic data. Specifying the SFPIND 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 VSP data relative to the seismic data. Let us leave it commented out for now — we will

need 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:

P .

Ensemble Equilization

Start tirne: a
Endtime: (50000

M ormn

(v A5
" Mean
" Max

k. | Cancel

These parameters mean that ensembles will be normalized by RMS amplitudes calculated for the

entire 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 tied data (the Trace Output module), and output to the screen

using the Screen Display module with the following parameters:



=

Display parameters

Dizplay mode
Fromt= |0.0 o |3B38. [ (Secale o WT A
O WwWT
Murmber of traces agnp [ % Seale Ty
" Gy
Additional scalar [ 15 ~ H.-"EP

[ Ruotate
Biaz [p = " Custor

[v Ensemble boundaries bz ) fear
" MNone

[ %ariable zpacing ; (¥ Entite screen

B ™ Individual

Erzembles' gap |2

[ Muliple panels
) Flat headers... | Show headers. . |
[ Usze excursion haces
Ficks zeftings...

Save Template | Load Template Ok | Cancel |

Bz, | Header mark.... |

The result of running the flow is shown in the picture below:
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We can see that seismic and VSP data are shifted relative to each other. We will need to
introduce a constant shift into the VSP 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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Now let us “grab” the selected area with the left mouse button and move it down in such a
way 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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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:
—_ Apply Statics m
* Manuat ot
" Headerword |210:100
Brawize... |

" Get from databas Select.. |

 Usefile File. ||

[ Relative ta time
¥ Subtract static
[ Apply fractional statics

0.o0

Save templatel

Load templatel Ok, I

Cancel




Running the flow with the Apply Statics module enabled should yield the following results:
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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. (to output the results to an image file, use one of the numerous free virtual printers available on

the Internet such as Bullzip PDF Printer, doPDF, Easy JPEG Printer 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:

Plotting parameters

X

Dakaset
| My BoreholelWell Tietied data

Sort Fields t Selection
DEPTH 3

add... | |cop =
Delete Fram b= | 0 to | 0 fms)

Display mode
[ Variable spacing | Additional scalar | g 5 O WTivA
" WT

v Ensemble boundaries Bias | e va

Ensembles' gap | 2 kraces " Gray

LR T
o

=
[ Use excursion | braces Line width {rmm}) % custom  Define...
Mormalizing Scales
General Layvout. .. | Horizans. .. |
" Mone T Scale 220 msScm
™ Ertire set T Axis. .. | Flat headers. .. |
% Scale 22 kraces/cm

{+ Individual @ fcic |
1anubisiHP Color LaserJet 3550 Print setup. .. |

[v Display traces in Layouk Prewview Layout Priview, ..

Cancel

In the Dataset field, select the tied data dataset generated by the previous flow. In the Sort
fields field, select sorting by SFPIND:DEPTH:CDP headers. The SFPIND 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 (SFPIND=1), the corridor stack trace set (SFPIND=2), and the NMO-
corrected reflected wave field (SFPIND=3). The DEPTH sorting key allows us to achieve correct

sorting of VSP data (this will not have any effect on seismic data since we have already set the



value of this field equal to -1 for all seismic traces). The CDP key, in turn, ensures correct seismic
data sorting and will have no effect on VSP 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 parameters

as shown in the picture:

General Layout parameters E|

General Margins

eft [0 mn

Top i

;

Label
[ Left side

[v Right side

Fields

COmpany name | DECO Gzeophysical

|

Label font, .. Project Title | My WSP Project

Text block width Project Location | My Area
100 i

Camments el He
Margins
Left | in i

T

Right | 10 i

Top 130 i

Label Logo

BMP il | J

Laga Height | gp i v Constrain proportions Loga Position
fe |eft
" Right

T

Logao width | g il

Cancel

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

the picture:
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Title:
v Shiow title Title | t (ms]
Ok ‘ Cancel |

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

picture:
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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.

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

the Update preview to redraw the preview window.
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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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