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Introduction

This Guide is intended for users making their first steps in refraction seismic survey (RSS) data processing
in RadExPro using the Easy Refraction module. The Guide covers all processing stages — from data
loading and geometry assignment to first arrival picking, identification of travel time curve sections
corresponding to different layers, and, finally, travel time inversion and generation of a layered velocity
model of the medium.

It is assumed that the user is already familiar with the theory behind RSS and the t0 method.

Source data as well as the project that should be generated as a result of completing this tutorial can be
downloaded from our website: http://www.radexpro.com/downloads/tutorials

Creating a project

A project is a combination of source data, intermediate and final processing results, and
processing flows organized into a common database used by RadExPro 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).

Launch the project manager by opening the Windows Start Menu and selecting All
Programs/DECO Geophysical/RadExPro 2011.2.
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Launching the project manager opens a dialog box with a list of registered projects.

-
/& RadExPro Project Manager ﬁ

Mew project... |
Select project... I

[ Save list... I
) i Load list...
Project directony: —I

I k. Cancel

Registered projects

Click the New Project button and select a parent directory on the hard disk where the project
subdirectory will be created. Another dialog box will appear, prompting you to enter a project name.

Mew database g

Title IM_I,I Praject

¥ Create subfolder

(] I Cancel

e —

Make sure that the Create subfolder option is checked and press 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.



# RadExPro Project Manager ﬁ

Feqgiztered projects

MHew project...

Select project... I

Remove from izt

Save lizt. I

o Loadist.. |
Project directony;

D:husershkatehidy Projecth

k. Cancel

Select the project and press Ok.
This will open the main RadExPro window containing the project tree.

Before starting to work on the project, we recommend creating a directory called data within the
project directory and copying all data to it. Although this step is optional (data located outside the
project can also be read), storing the data within the project directory allows the program to use relative
file paths rather than absolute ones. This makes project migration from one computer to another easier.
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/* RadExPro 20111 >>> My Project [ )

Help Options Database Tools Exit

O_ [

i@

MB1 DbIClick - Default action; MB2 - Context menu; MBI - Drag flow to line to copy

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



/ RadExPro 20111 >>> My Project ©° & &

Help Options Database Tools Bt

O_

Create new area...

The picture below shows the dialog box prompting you to enter the area name:

Mew area name lﬁ

|M_I.J Ared

ak. Cancel

In a similar manner, right-click the yellow rectangle with the area name, select Create line, and
create a new line.

/* RadExPro 20111 »3>> My Project

Help Options Database Tools  Exit

View map

Create line...

Rename...

Delete

Enter the line name just like the area name.

%
Mew line name &J

ILire 1

»

] ‘ Cancel

., A

The database allows storing several areas within one project and several lines within each area.
Each line is processed by several flows.



Data loading and geometry assignment

Create a processing flow named 010 — data load in the same manner as you created the area

and the line.

 RadExPro 2011.1 > > > My Project

- | B ] |

Help  Options  Database

Tools  Exit

O—|M\_‘r AreaHLine 1}51010 - data load

MEL DbIClick - Default action; MB2 - Context menu; MB1 - Drag flow to line to copy

Switch to the flow editing mode by double-clicking the flow name with the left mouse button.
This will open the flow editor window where we will now create a flow consisting of the SEG-Y Input and

Trace Output modules.

Specify the data reading parameters when adding the SEG-Y Input module.

SEG-Y Input
Filefs] Sample format Sample interval |17
datah-100.zgy 0 1207 |46« R4
MHumber of traces
32{221”%?29? ‘j [ IEM Floating Point U
' Trace length (1024

g::::é%?ii ;L [v se hrace weighting fachor

f+ Big-enidan byte order [SEG-Y standard]

(" Little-endian bute order

Sorted by |FFID:EIFFSET

* Getall 1 Selection

(¢ 30 Survey O 2D Survey Prafile 1D

[ Remap header walue

Add. Delete Loadlst.. | Savelist. |
ak | Cancel




After adding the SEG-Y Input module add the Trace Output module to the flow. This module will save the
read data to the database so that they can have geometry assigned to them at a later time. Name the
object that will contain these data line 1 — raw and place it at the second database level in Line 1 (as
shown in the picture below).

#

Select dataset | o5 =
Object name
Objects Location
=l by Area

& ]
“o 010 - data load

&

Rename... Delete Ok | Cancel

Also, add the Screen Display module to the flow after the Trace Output module for monitoring purposes.

The resulting flow should look like this:



7 My Project/My Area/Line 1/010 - data load L - Al Aalln  aalln aie - [ =RAEN_X_
Help Options Database Tools Run Flow mode.. Exit

SEG-Y Input <- [multiple] DatalfO =

Trace Qutput -> line 1 - raw Trace Input Data Input

Screen Display Trace Output Data Output
VSP Data Modeling 3D Data Input
3D Data OQutput SEG-D Input
Super Gather GSSI
Lamb: Solid Layer - Solid modeling Load Text Trace
JOTUC RAMAC/GPR
5CS-3 Input SEG-2 input
SEG-B Input SEG-Y Input
SEG-Y Output Text Output

2D Finite Difference Modeling

Stacking/Ensembles

Ensemble Stack Asymptotic CCP Binning

Deconvolution
Deconvolution Predictive Deconvolution
Custom Impulse Trace Transforms Surface-Consistent Deconvolution

Nonstationary predictive deconvolution

Signal Processing

DC Removal Hilbert Transform
Resample Amplitude Correction
Bandpass Filtering Butterworth Filtering
Trace Math Transforms Zero-Offset DeMultiple
Wave field subtraction VSP SDC
Interactive Tools
VSP Display Screen Display
3D View 3D Screen Display
Velocity Editor Qc Analysis
3D Gazer Interactive Velocity Analysis
I Plotting* Advanced VSP Dispaly
Migration
VSP Migration T-K Migration
STOLT3D Stolt F-K Migration
Curved Profile VSP Migration 2D-3D VSP Migration
Trace Editing
Trace Math X Interpolation
Trace Length Trace Editing
Data Enhancement
MEL - Drag medule; Ctrl+MB1 - Copy module; MEL DblIClick - Module Parameters; MB2 - Toggle modulg; Ctrl+MB2 DbIClick - Delete -

Select the Run menu item to run the flow. The Screen Display window showing the data being
entered will open, and the data themselves will be read from the file on the hard disk and saved to the
database. The Screen Display window that should appear on the screen is shown below.



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

Now we need to assign the geometry — source coordinates (SOU_X) and receiver coordinates
(REC_X) —to the seismic data. We will use Near-Surface Geometry Input module for that.

Create a new flow: 020 — Geometry Input, add Trace Input module, select the raw_data dataset
that we have created before and load all traces in the order they are stored in the dataset (for that chose
Get all option of the Trace Input).
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# RadExPro 2011.3 ject . =g
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Help Options Database Tools Exit

{_—|Mmy arealHtine 1/5{010 Data load]
020 Geometry Input]

I'a P— A
Trace Input u

- L — S 3
—Data Set: — Sort Fields

Ludd... Delete Add.. Drelete

" Selection

 Select from file File... | |

" Database object Choose |
aK I Cancel & Getal

A E—

Now we can add Near-Surface Geometry Input module to the flow. The module is dedicated to
assigning geometry to seismic data acquired using different techniques typical for near-surface
applications, including conventional refraction acquisition scheme.

When the module is added to the flow, you will see its parameter dialog as shown below. For assigning
geometry to seismic refraction data select the Refraction tab of the dialog:
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Mear-Surface Geometry Input ﬁ

Reflecton/MASW ~ Refracton |

pay oo b S EE— e |

—@lr
|
|
-]

E

Receivers

Mumber Of Channels |

First Redever Position

0 m
Recdever Step 5 m
Streamer Sources

f+" Const Step First Source Position 3 m

" Variable Step i

Source Step 5 m

Offset Sources i

Es:l.nn.?;rjnsfuurces | : EET:rEsLu;ources | 8 i

" Const Step Source N9 ] Coordinate ] Source N9 ] Coordinate | :

% Variable Step é i ; ; |
3 3 3 3

[ Reassign FFID and CHAN trace headers

| Ok, | Cancel N
|9

Our sample data was acquired according to the following scheme: our receiver streamer contained 48

geophones equally spaced every 1 meter. Shots on the streamer were made on channels 1, 12, 24, 36
and 48 (0, 11, 23, 35, 47 m accordingly). Offset shots we made 24 meters ahead of the 1°* channel and 23
meters behind the last channel.

In case of refraction data, the module will calculate and assign shot point coordianates (SOU_X), receiver
coordinates (REC_X), and source-receiver offsets (OFFSET) based on shot point numbers (FFID) and
channel numbers (CHAN). For correct geometry assignment we will specify the following parameters:

Receivers:
«  First receiver position — 0
* Receiver step -1
*  Number of channels — 48

Streamer sources

12



Let us specify each source position manually. Select Variable step option to see the table with the shot

point numbers and their coordinates. Set Number of sources to 5 and type their coordinates into the

table: 1-0, 2-11, 3-23, 4-35, 5-47.

Offset sources

Select Variable step option, set Number of forward sources to 1 and type in the coordinate of -24 m.

The same way, set Number of reverse sources to 1 and type in the last shot point coordinate of 70 m.

! This data was acquired in such a way that the original field channel numbering is not sequential (1, 25,

2, 26, etc. — a result of some technical peculiarities of the receiving system). However, for correct
geometry assignment we need the channels and shot points to be numbered sequentially, in the order
they were acquired in field. To correct the numbering we switch on Reassign FFID and CHAN headers
option. This would recalculate and reassign all shot point numbers and channel numbers according to

the order the traces input the module in the flow.

Finally, the dialog shall look as shown below:

-

MNear-Surface Geometry Input

Reflection/MaSw ~ Refraction ]

Receivers
First Reciever Position a m
Redever Step 1 m

Streamer Sources

Mumber Of Channels

—

" Const Step Mumber of Sources

Source N2 | Coordinate =

= 1 0

1 -24
{* Variable Step

* Variable Step 2 11
3 = x
4 1 3
Offset Sources
Mumber of Mumber of
Forward Sources 1 Reverse Sources 1
" Const Step Source N2 | Coordinate | Source N2 | Coordinate |

1 7

I Reassign FFID and CHAM trace headers

Cancel

b

When the parameters are set, click the OK to save your settings.

Now we will add Trace Output at the end of the flow to save the data with assigned geometry to a new
dataset in the project database. We will call the new dataset geom_data and place it at the Line 1 level

of the database (as shown below):

13
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Select dataszet - —
Object name ]genmetr_u_data
Objects Location
raw_data = My area
&=l Lire 1

010 Data load
020 Geometry [nput

Renarne:. .. Delete ITI Cancel
L%
The resulting flow shall look as following:
— - Al

7 My project/My area/Line 1/020 Geometry Input E@ﬂ
Help Options Database Tools Run  Flow mode.. Exit
Trace Input <- raw_data Datal/0 =~
Near-Surface Geometry Input Trace Input Trace Qutput L]
Trace Output -> geometry_data SEG-Y Input SEG-Y Output

SEG-D Input RAMAC/GPR

SEG-B Input JAorc

SEG-2 Input G551

SCS-3 Input Super Gather

Load Text Trace Text Output

Data Input Data Output

Geometry/Headers

Trace Header Math Compute Line Length

Header<->Dataset Transfer Header Averager

Header Output Shift Header

Trace Header NMO/NMI Surface-Consistent Calibration*®

Interactive Tools

Screen Display 3D Gazer
Plotting*
Signal Pr: g

DC Removal Hilbert Transform
Resample Amplitude Correction
Bandpass Filtering Butterworth Filtering
Trace Math Transforms

Data Enh t

2D Spatial Filtering
Burst Noise Removal

Antenna Ringdown Removal

Ensemble Equalization

ME1 - Drag module; Ctrl+MB1 - Copy module; MB1 DbIClick - Module Parameters; MB2 - Toggle module; Ctrl+MB2 DbIClick - Delete

Now click Run in the menu to execute the flow. As a result we will have a copy of the data with

geometry assigned.

First arrival picking

Create a new flow named 030 - Picking and add the Trace Input module to it. After that add the newly
created dataset to the Data Sets window and apply sorting by SOU_X and REC_X to the entire selection.

14



F B |
Trace Input M

—Drata Setz — Sart Fields

geometny data SOU = '

Add... Delete Add... Delete
* Selection
x:x ]
" Select from file File...

" Database object  Choose.

ok I Cancel i Get 4l

b — — ——————

il?

Then add the Screen Display module, selecting trace image scales and amplification factors suitable for
first arrivals picking. Additional processing procedures — such as Bandpass Filtering, Hand Static etc. —
can be enabled as necessary. However, you should keep in mind that filtering (especially zero-phase)
“blurs” first wave arrivals; therefore, first arrivals picking should be done before filtering.

In the Screen Display dialog set the following parameters:

F T T E— B
Display parameters [ — ﬁ
—WwW T8 display mode —
Fiomt= 0.0 to |511.0 [~ iScale |-||:|— OWT AR Ld*nrhnzlr:z;ng facte: Gain Ir
i o . -
Number of haces I_EEIIZI % Scale I—'ID . :\;T :: :Er;t-"?crfen Bias(%] ||j
ridividua
[T Fotate & Mone -
ol EVETY I
¥ Ensemble boundaries F-th trace !
) ) : N
[ Wariable spacing LI —Wariable density dizplay mode —
Marrnalizing factor By |2— Ll
[T Space to masimum ensemble width ?: Girey = More
R/B q -~
E bles' |2 " Entire screen Bias(%) I
i S  Custom Define. | & Individual 0
[T Muliple panels |1 " Mone
W Use excursion |—2.EI EEes Datatvelocity
0 Dieglep dete Palette range I
™ Display velocity m )
Az I Show headers... I Min.wel [mfs] |500.0 |
Plat headers... I Header mark... I b ax.vel [mdz] [1500.0
Ficks/polygons settings...l i
|
Save Template I Load Template I Cancel |

L — = —
Click the Axis button and set the following axis parameters:

15



i - — -
Auas Parameters

Time—| — Traces
dt Walyes | SOl I @+ Different % Values
T ' 7 Interval ’ o
Primary linez | || oo v il 10.0 W
Secondary inez | |100.0 [ : " Different
- - field | & Interval i'||:||:|_|:| [v
N 7 Multiple

Font size |2|:| - Marginz
Left amiz Top axi
i Hiz [ p axis
Ok I Cancel I mnargir i rnargin Emm

Run the flow and see the data as shown below.

[ My project/My area/Line 1/030 Picking  [19:49:09] Ex I

[ Zoom Comman parameters... View Tools Exit/Stop flow  Exit

6860 /ee 6e8cee

=S[rj)

1007 Mg

2007

500

sou x
A —S—S—————————————_——————_—_—_—_—_——

m

Trl72  Sam:505  Amp:0 £505.0ms |
« i

Select the Tools/New pick menu item and perform first arrival picking. After that you can pick first
arrivals or extremums. Use zoom/unzoom buttons on the toolbar to select convenient scale.

You can select the mode of picking in the Picking parameters dialog achieved through the
Tools/Pick/Picking parameters menu item.

16



[picking paramete” l !‘\\ ==

|| & Bars O Huet (|2 st ' imun [TE
" dwa - Fill _ o2 tion window (ms] [50
Rl LeearEil
{

| ) I Smoothing
{+ (- HegZf Window length |3 points
™ Tro & e - - :
— Dirawing parameters

|3|:| [ Marks only Line style ‘ Label picks

] | Canizel ‘

Picking can be done manually (Mode: Manual) or using on of the semi-automatic modes (Auto fill or

Hunt). In the Auto fill mode the program automatically tracks selected event between two interpreter
pick nodes according to the specified Parameters. In the Hunt mode it would try to follow the specified
event in either one or both directions from the initial pick until it looses correlation.

To perform picking, click the left mouse button when the mouse cursor is over the selected point. An X
mark will appear at that point showing a pick node. Click the left mouse button once more within the
same trace to move the node to a new position, or click within another trace to place a new node. An
erroneously placed node can be removed by right-mouse button double-click or moved to a new
position by drag-and-drop with the right mouse button.

(2] My project/My areafLine 1/030 Picking  [19:49:09] =

Zoom Common parsmeters.. View Tools FExit/Stop flow  Bxit Help

880 e e 8@ @ A
Hudic duecfon [ [ —

o

- L T NSRS S TR
|

SOL'D__K << Left << Both = Right >
. - g
B b "
b, -

m

L |
100] g RS N -

d . i
2001 -aad T A - TR = & B - R P I R N A RBP4 B R

Tri54 Sam:0 Ampl60  t0.0ms e
« [ i »

You need to pick all seismograms. To save the pick, select the Tools/Save As... menu item or right click on
your pick in the Pick List window and select the same Save As command from the pop-up menu.
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This will open a dialog box where you will be asked to enter the pick name and specify which database
object the pick will correspond to by left-clicking the appropriate object.

The program also allows saving travel time curves as text files for further use in other interpretation
software (Tools/Pick/Export pick).

[ Save pick @ ]

Object name {pickl
Objects Location
=- h-'l uArea
B- Line 1
010 - data load
- 020 - pick
i 030 - refraction
£ £ [+
Rename... | Delete | Pick headers. . | Ok | Cancel |

., [

Press Pick headers... and make sure that SOU_X is selected in the left column and REC_X —in the right
column.

Pick headers @
RECHO - OFFSET "
S_LIME FATH
SCDP FICK1
SECOMD FICk.2
SEGDGAIM FREAKP
SEQMO F_LIME
SFRIMD REC_CRL
SOU_CREL REC_DATLIM
SOU_DATURM REC_ELEY A
SOU_ELEY REC_HZ0D =
SOU_HzaD REC_IML
SOU_IML REC_RESID
SOU_RESID = REC_SLOC
SOo_sLoc 3 REC_STAT
SOU_STAT REC_STATH
SOU_STATI REC_STATZ
SOU_STATZ REC_STAT3
SO STAT3 REC UPHOLE

Cancel |




Working with the Easy Refraction module

Create a new flow named 004 - Easy refraction and add the Easy Refraction module to it. Select
Browse... in the dialog box.

i~

Choose Easy Refraction scheme [&J

Browse...

Cancel

This will open another dialog box prompting us to specify the “scheme” name. An “Easy Refraction
scheme” is a combination of travel time curves (possibly divided into segments) corresponding to
different layers generated as a result of boundary processing etc. When the user exits the module, its
current state is stored in the “scheme”.

Choose Easy Refraction Scheme [ﬁj

Obiect name |schemel|

Objects Location

=l by Area
=} Line 1
- 010 - data lnad
- 020 - pick
e 030 - refraction

i Rename... | Delete| Ok | Canicel

After entering the new scheme name, press Ok and run the flow.

The Easy Refraction module working window will open.

19



-
=] Easy Refraction L ‘e

=[] ||
File View TimeCurves Refraction surfaces Inversion Help
5|t L-aa@O
[ o . Distance (m)
0 1 22 13 44 55 66 77 88 99
g
o
E
=
0 1 22 3 44 55 66 7 it 99
Distance (m)
0 ] 1 22 3 B 7 32 99
3000
o 1753
E
= 505
g 60 60
f=1
] 1 2 3 44 55 66 7 83 9
Time curves count: 0

Press the Load time curves button to load travel time curves. This will open the travel time curve
selection window. Load the necessary time curves and press Ok.

=-£0 My area My area'Line 1\pick
=07 Linel

K Cancel

The module window containing the loaded travel time curves will appear.
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File View TimeCurves Refractionsufaces Inversion  Help

Glit|x A+ 9 Z-aa@olr
=0 Distance (m)

- [V]pick 24
=-W11

W] pick
=23

w[¥] pick
=-[¥]35

w[¥] pick
=-[]47

] pick
=70

W] pick

Time (ms)

0 4 8 2 1 2 2 % 2 % Q n

Distance (m)
0 4 8 12 16 20 24 28 2 36 40 44
0 0
3000
1909
E
= 5 50 |l &7
3
=] -274
100 100
0 4 8 12 16 20 24 28 2 36 40 44

Time curves count: 6 X:11,26 m T: 64 ms

You can make a number of manipulations with the time curves here: edit nodes, smooth them,
interpolate, move etc. Refer to User Manual for the details.

As an example of such a manipulation we will mirror one of the curves. When we were picking fist
breaks, the data from the first shot (at -24 m) was noted to be of very poor quality, so it was difficult to
make a reliable pick. So now, if you have created a pick at the shot point -24, delete it (click of the pick in
the list of picks in the left pane of the window and press Delete key on the keyboard). We will substitute
this pick with a mirrored pick from the shot point at 70 m (although we need to understand that this is
not 100% fair procedure, of course). For that, switch off all time curves except of the one from shot point
70 m, select it with the left mouse button and select Time Curves/Mirror curve. As a result we will have

a symmetrical time curve tied to SP -23 m:

File View | Time Curves !_ 5 Inversion Help

= Edit =), | »
£ Interpolate Distance (m)
21 28 35 42

-l
B

i Colormode
X Delete
/¥, Delete all

Trawvel time difference

%

Marker 3
Shift to zero

¥

Smooth curve

Duplicate curve
Mirror curve

Adjust Coordinates

Merge curves
T

Time curves count: 6 X: 11,09 m T: 74 ms
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| Easy Refraction .- 8 - . . - & &

Eile View Time Curves Eefraction surfaces Inwversion Help

S-® . HDO| K

= H ;Y )

-23 Distance (m)

7 14 21 28 35 42

pick_symmetric
pick i
pick
pick

pick

Time curves count: 7 X: -2,70 m T: 28 ms

Identifying travel time curve fragments related to different layers

We need to mark travel time curve fragments related to particular layers. Let us do this using the

interactive marker.

Select the Time Curves/Marker/1 menu item or press 1 on the keyboard. You will see a pink circle of the
marker of the fist layer. You can change its diameter by rotating the mouse wheel while keeping Shift key

pressed.

Press and hold the left mouse button to mark the travel time curve sections related to the first layer. The
interpreter selects travel time curve breakpoints and determines the number of layers in the section
interpretation model according to the principles described in the literature. Linear approximation as well

as output of resulting velocity values per travel time curve is done automatically.
5 Easy Refraction - ———- _ . B . W || o]

File View TimeCurves Refractionsurfaces Inversion  Help
£ | A 9 Z-aa@EO|r
=223

i [V pick _symmetric
=-¥]0

[
=M

Distance (m)
4 0 4 g 12 18 20

24 28 32 36 40 44

<
5
&
Tire firs)

Distance (m)
20 24 28 32 36 0 “

Depth ]
n
5
&

100

Time curves count: 7 X: 0,46 m T: 73 ms
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Similarly, select the second marker and mark the travel time curve sections related to the second layer.
Visualization of individual travel time curves can be disabled by unchecking the appropriate boxes in the
left pane of the module.

—| Easy Refraction

« % & . & " [~

Eile  View Time Curves Refraction suffaces  Inversion  Help
[ | X A+ |9 AraaEHO|
=-[¥]-23 Distance (m)

[ pick_symmetric % 0 6 12 18 P 0 % 42 48 54
=-@o : i i : : : : i i i :
i - [pick
=1
i [Jpick
=-]23
i [Jpick
=-[¥]35
i [Jpick
=-[#]47
i [Jpick
=[] 70

«[] pick

Timne [me]

Time curves count: 7 X:13,81 mT: 87 ms

To exit the marker mode, open the Time Curves/Marker/2 menu item and left-click (or press the " key
on your keyboard) to uncheck it.

Automatic travel time inversion

With the Easy Refraction you can invert travel time curves either automatically, or manually. We will
check both methods below.

For automatic inversion (prior layer selection with the marker is required) select Inversion/Automatic
inversion menu command (you can also press F5 or click on the green arrow on the toolbar).
Easy Refraction - ’ " | o S

= | i N «) FANC \, b Automatic inversion F5 |
-M|-23
.. [ pick_symmetric
V0
L[] pick
W11
L[ pick
V23
[ pick
)35
L[] pick
|47
L[ pick
V70
[ pick

Recalculate grid

Composite travel time curves

Time [mz)

me curves count: 7 X: 10,95 m T: 80 ms

The results are shown in the picture below: the position of the boundary between the first and the
second layer has been built in the lower part of the module working window. Velocities above and below
the boundary are colorcoded.
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Manual travel time inversion

If necessary, all refraction processing stages can be carried out manually with the full controll over the

intermediate results.

The module allows building the difference between two travel time curves. To do this, select one travel

time curve with the left mouse button, another one — with the right mouse button, and open the Time

Curves/Travel time difference menu. A graph showing the difference between the two selected travel

time curves will be built in a separate window. If diving waves are registered in the first arrival, the entire

difference graph will be a decay function; if head waves are registered, the function will decay at first,

but then will become constant.
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The module allows building composite travel time curves — time curves of waves from each refraction
boundary. This procedure is necessary to obtain a travel time curve covering the “dead zone” — the direct
wave tracking area on the direct and opposite travel time curves. The head wave travel time curve can
be extended into the “dead zone” using catching-up travel time curves — direct and opposite. The
procedure is accessed through the Inversion/Composite travel time curves menu item.

When building a composite travel time curve, the program takes into account the times of all travel time
curves related to the second layer.

For example, when a composite direct travel time curve is built, only the catching-up travel time curve
will be taken into account in the left part, then the average time between the catching-up and direct
travel time curve will be accounted for, and finally the average time between all three travel time curves
will be factored in. All used travel time curves will be raised or lowered by the time corresponding to the
travel time curve located within the array closest to its beginning.

A composite opposite travel time curve is built in a similar manner. The result is shown below:
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According to the reciprocity principle, the time of travel from the source to the receiver does not change
if you swap the source with the receiver. This time corresponds to the reciprocal points on the direct and
opposite travel time curves. Therefore, travel time curves need to be tied at the reciprocal points. The
module allows viewing the mistie and leveling the reciprocal times. Points to be tied are selected
automatically when the user selects two travel time curves using the left and the right mouse button.
Reciprocal time (RT) mistie between two reciprocal travel time curves is shown in the lower part of the
module window. To tie the reciprocal times, open the Inversion menu and select Reciprocal time
leveling. This function allows finding the average of the reciprocal times and automatically adapts the
travel time curves to that average time.
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The module also allows building a t0 travel time curve and a residual travel time curve. To do this, select
the direct travel time curve with the left mouse button, the opposite travel time curve — with the right

mouse button, and open the Inversion/Velocity analysis and time depth functions menu. The result is
shown below:
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Finally, you need to select the velocities of the upper layer and specify parameters of velocity calculation
in the lower layer.

Select the Inversion/Refraction Surface menu item to see the following dialog:

Inversion parameters ﬁ
W1 Estimation W2 Estimation
Automatic [V Automatic [V
Ll 15
10
Comect values manually Comect values manualhy
Delete exdsting refraction sufaces | Ok | l Cancel ]

V1 Estimation — you can specify a constant velocity of the upper layer or make it calculated
automatically by linear interpolation between the values estimated at every SP.

V2 Estimation — parameters how to estimate the lower layer velocities from the time depth function.
Here Window width specify how many nodes of the time curve will be taken into account for velocity
estimation at every window position (defined by Window step).

We will keep the defaults here and click the OK to see the following result:
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Exporting the results

You can export the results of your work by selecting the File/Export menu command. This will open the
file saving dialog box. Select what to export and in what format to save it from the File Type drop-down

list.
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You can export the following data to a text (ASCII) file:
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- X-coordinates, altitudes, velocities and layer depths as one ASCII table (Plain text)
—travel time curves (Time curves)
—refraction boundary depths (Borders)

—velocities (Velocities)

Refraction boundaries can also be exported in the DXF format.
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