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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 . g
ol J ag

Mew project.. |
Select project... |

Regiztered projects

Load list...
Project directony: _]

o k. Cancel

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 Project

¥ Create subfolder

k. I Cancel
SE———

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.



f RadExPro Project Manager ﬁ

Feqgiztered projects

MHew project...

|
Select project... J
|

Remove from izt

Save list... J
Loadst.. |

Project directony:
D:Musershkatehidy Projecth

QE. 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.

— - -
/* RadExPro 2011.1 >>> My Projec

Help Options Database Tools Exit

i (3

EW
\J
RASH)

MBI DbIClick - Default action; MB2 - Context menu: MBI - Drag flow to line to copy 7=

=]

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 >5> My Project = & &

Help Options Database Tools EBat

e

Create new area...

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

Mew area name &J

|M_I.J Bred

k. Cancel

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

/¥ RadExPro 20111 »>> 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 l&

ILire 1

»

]S

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.

- s i

| 7 RadExPro 20111 > >> My Project e

Help  Options  Database Tools Exit

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

MB1 DbIClick - Default action; MB2 - Context FENU; MBI - Dl-'ag 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
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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 dataszet

(o

Object name
Ohbjects Location
El- h-'!y Area
& 1
- 10 - 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:

/% My Project/My Area/line 1/010 - data load

LR -

Al  Aaln  aln v -

(=] = [t

Help Options Database Tools Run  Flow mode.

SEG-Y Input <- [multiple]
Trace Output -> line 1 - raw
Screen Display

Exit

Trace Input

Trace Output

VSP Data Modeling

3D Data Output

Super Gather

Lamb: Solid Layer - Solid modeling
JOTUC

5C5-3 Input

SEG-B Input

SEG-Y Qutput

2D Finite Difference Modeling

Data Input
Data Output
3D Data Input
SEG-D Input
GSS1

Load Text Trace
RAMAC/GPR
SEG-2 Input
SEG-Y Input
Text Qutput

Ensemble Stack

Asymptotic CCP Binning

Datalf0 «

Stacking/Ensembles

Deconvolution
Custom Impulse Trace Transforms
Nonstationary predictive deconvolution

Predictive Deconvolution
Surface-Consistent Deconvolution

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
Plotting* Advanced VSP Dispaly
VSP Migration T-K Migration

STOLT3D
Curved Profile VSP Migration

Stolt F-K Migration
2D-3D VSP Migration

Migration

Trace Math
Trace Length

X Interpolation
Trace Editing

Trace Editing

MB1 - Drag medule; Ctrl+MB1 - Copy module; MB1 DbiClick - Module Parameters; MB2 - Toggle module; Ctrl+ MB2 DblClick - Delete

Data Enh




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 paremeters... Tools Ext/Stop flow Exit

RECX 15 30 45 60 75 50 105120135 1
100 ] ﬁ

180195210225 0 15 30 45 60 75 50 I

e e =

H

Now we need to assign the geometry — the source coordinates (SOU_X) and the receiver
coordinates (REC_X) — to the seismic data. RadExPro package uses the Geometry Spreadsheet tool to
handle seismic data header fields. To open it, select the Database/Geometry Spreadsheet... menu item.

My Project/My Area/fLine 1/010 - data load .- "
Help Options | Database | Tools Run  Flow mede..  Exit
SEG-Y Input <- Load...
Trace Input <- | Save... Traee inpyt
. Trace Output
Screen Display| :
[ Add data file... VSP Data Mod
Geometry spreadsheet... 3D Data Outp
Database manager... Super Gather
Dataset history... Lamb: Solid Lg
JIOrc
DXF rt
i $CS-3 Input
Edit header fields.., SEG-B Input
SEG-Y Output
Database management 2D Finite Diffe
Ensemble Staq

Then select the set of seismic data whose geometry you need to edit.



Choose dataset

Object name |Iine1 - raw

Objects Location

[=- M yArea
=E Line 1
i 010 - data load

Fename... | Delete| Histan... | Ok | Eanu:el|

=

Add header fields SOU_X and REC_X using the Add field command in the Fields menu. The appearance
of the Geometry Spreadsheet window is shown in the picture below.

H line 1 — raw - Goormc o
Fields Edit Tools Excit

o —100.00000 11500000

For the sake of simplicity, in this training example the geometry has already been written in the source
files and read from them by the SEG-Y Input module. However, if this is not the case in real life,
geometry can be assigned in the Geometry Spreadsheet window using the Trace Header Math
mathematical operation editor available in the Tools/Header Math menu of the Geometry Spreadsheet

window.

Let us analyze the geometry input procedure for the standard 48-channel RSS array with a 5 m interval
between the receivers and several source positions placed at irregular intervals (48 channels of input
data).

In this example we assume that only the trace number field — Traceno —is initially written in the headers.
In our case there are 48 traces per SP. Based on this, let us calculate the SP number (FFID header) as
follows:

ffid = trunc(([traceno]-1)/48)+1

where the trunc (x) function returns the value of the nearest integer that is less or equal to x. As a result,
each set of 48 traces will have a corresponding individual ffid number.

Now let us number the channels — using the traceno field as well:



chan = fmod([traceno]-1,48)+1

where the fmod(x,y) function returns the remainder of division of x by y. As a result, channels will be
numbered 1 through 48 for each ffid set.

The next step is to fill in the sou_x and rec_x coordinates using the array data.

Receiver coordinates can be filled in relatively easily — all you need to do is multiply the channel number

by the interval, i.e.:

rec_x = [chan]*5-5

The resulting Header Math window used to assign the geometry should look like this:

Trace Header Math

fFid = trunci{[traceno]-1348+1
chan = Frnod([traceno]-1,481+1
rec_x = [chan]*5-5

Lire 3 Pas 2

QK | Cancel

Check syntax Load template. .. Save template. ..

If the first and the last SP are outside the array (offset), and there are different intervals between SP, it is
easier to specify the SOU_X source coordinates manually. Let us consider the first SP (FFID 1) example

with a -100 offset. Select the sou_x column part corresponding to this SP with the left mouse button:

10




H data - Geometry Spreadsheet E]@
Fields Edit Tools Egxit

e
11 50.00000 -100.00000 1 11
12 S5.00000 | -100.00000 | 1 12
13 G0.00000 | -100.00000 | 1 13
14 6500000 | -100.00000 | 1 14
15 TO.00000 | -100.00000 | 1 15
18 TE.00000 | -100.00000 | 1 1&
17 #0.00000 | -100.00000 | 1 17
18 8500000 | -100.00000 | 1 18
12 000000 | -100.00000 | 1 12
In S5.00000 | -100.00000 | 1 n
I1 10000000 | -100.00000 | 1 1
2 10500000 | -100.00000 | 1 s
3 110.00000 | -100.00000 | 1 3
24 115.00000 | -100.00000 | 1 24
5 120.00000 | -100.00000 | 1 5
il 12500000 | -100.00000 | 1 il
7 130.00000 | -100.00000 | 1 7
I8 13500000 | -100.00000 | 1 I8
9 140.00000 | -100.00000 | 1 ity
30 14500000 | -100.00000 | 1 30
31 150.00000 | -100.00000 | 1 31
32 15500000 | -100.00000 | 1 s
33 1a0.00000 | -100.00000 | 1 33
34 16500000 | -100.00000 | 1 34
35 17T0.00000 | -100.00000 | 1 35
36 17500000 | -100.00000 | 1 36
37 180.00000 | -100.00000 | 1 37
38 18500000 | -100.00000 | 1 38
39 120.00000 | -100.00000 | 1 32
< 195 00000 | -100.00000 | 1 <0
41 20000000 | -100.00000 | 1 41
42 20500000 | -100.00000 | 1 42
43 210.00000 | -100.00000 | 1 43
44 215.00000 | -100.00000 | 1 44
45 220.00000 | -100.00000 | 1 45
4 22500000 | -100.00000 | 1 4
47 230.00000 | -100.00000 | 1 47
48 TI5.00000 | -100.00000 | 1 48
49 0.0000nn 000000 2 1
50 5.00000 0.00000 2 2

T

Then press INS on your keyboard to open a dialog box. Enter -100 as the initial value and 0 as the step.

Fill selected block
From |00 Step [

ak | Cancel |

As a result, all selected lines will be filled with -100 value.

Coordinates of other SP can be specified in a similar manner: FFID 2 — SOU_X 0; FFID 3 — SOU_X 115;
FFID 4 —SOU_X 235; FFID 5 -SOU_X 335.

You can easily assign geometry to other array types by following the above guidelines and modifying
formula parameters as necessary.



First arrival picking

Create a new flow named 002 — pick 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.

Trace Input Lﬁ

[rata Setz - Sart Fields

SOuU_= ﬁ_

| Add.. Delete ‘ Add.. ‘ Delete |

i Selection

B

i " Select from file |
" Databaze object  Cho |
Ok | Cancel T Get all |

- A

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.

Run the flow. Select the Tools/New pick menu item and perform first arrival picking.

8 My Project/My AreasLine 17026 - pick I

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

Approximate 3
Spectrum L3
s %2 Pick =00 Mew pick ™
Wells... Delete pick Del
Static corrections (3 Load pick... Ins
Apply procedure » Load pick w/interpolation...
[t | Write History... Collect picks
' Iq-j—, Amphtude editing (3 Sawe
I Trace Header hath... Sawve As... A
Reflect header changes in... Load from header...
Reflect ident. fields... Save to header...
Text hint... Export pick...

After that you can pick wave arrivals or extremums. Picking can be done manually (Hand pick) or semi-
automatically (Auto fill). In the latter case the program automatically tracks waves between two
interpreter picks according to the specified attribute. The picking mode is selected in the pop-up window
opened by clicking the Tools/Pick/Picking mode menu item (see Help for detailed information). To
perform picking, press the left mouse button when the marker is over the selected point. An X mark will
appear at that point. Click the left mouse button once more within the same trace to move the Xto a
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new position, or click within another trace to place a new X. An erroneously placed X can be removed by
double-clicking the right mouse button or clicking the right mouse button when the marker is over the X
and moving it along the same trace to a point with a different time. If you are not happy with a travel
time curve and want to delete it completely, press the Delete key.

3 My ProjectMy Areafine 1/020 - pick 1 L= _ . N T T |2\ o)

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

|
,%

RECY 0 & 50

L

10 1 160 200

~———

o7 SomS2 Ampd  t920ms =

You need to pick all seismograms. To save the pick, select the Tools/Save As... menu item.

S My Project/My Area/iRe 020 = Gk T T T
Zoorm Cormmon pararmeters... Tools | Exit/Stop Flow Exit
P .
Spectrum >
—— :
s 20 == . R (o r | —
Wells... Delete pick el
v e > ———— —
Apply proced - Load pick w/interpelation...
rite Histo - Collect picks
et e e . .
[ Trace Header PMath... Sawve As... ~s
Reflect header changes in... Load from header...
R —— A —
E e —— E———

Import pick...

Pick headers...

Line style... s
Label Picks...

100

Picking mode...

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).

13



Save pick ﬁ
Object name ipickl
Objects Location
El- M y Area
&=l Lire: 1
-~ 010 - data load
- 020 - pick
i 030 - refraction
" Saveal & Saveselecho ¥ Append
Hename...‘ Delete ‘ Fick headers...] )3 | Cancel ]
. - —— A

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

Pick headers M

RECND
5 LINE
SCOP
SECOND
SEGDGAIN
SEQND
SFRIND
SOU_CRL
SOU_DATUM
SOUELEY
SOU_H20D
SOUTINL
SOU_RESID
SOU_SLOC
SOU_STAT
SOU_STATT
SOU_STAT2
SOU_STATS

. [OFFsET =
PATH

FICK

FICK2

PREAMP

Fi_LINE

REC_CFL

REC_DATLIM e
REC_ELEY |
REC_H20D E
REC_INL |
~ |REC_RESID

REC_SLOC

REC_STAT

| |REC_STATY

REC_STAT2

REC_STAT3
REC_UPHOLE

Cancel 1
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Working with the Easy Refraction module

Create a new flow named 003 — refraction and add the Easy Refraction module to it. Select Browse... in
the dialog box.

Choose Easy Refraction scheme ﬁ

Browse...
4

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 [ﬁ

Dbject name |scheme1|

Objects Location

El- My Area
= Line 1
" . 010 - data lnad
- 020 - pick
L. 030 - refraction

| Hename...] Delete| Ok | Cancel

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

The Easy Refraction module working window will open.

15



sl Easy Refraction v 101 —— [E=EE >
Data View TimeCurves Refraction surfaces Inversion  About  Exit
B XA e 90| a -0
2 10 20 )| 40 50 60 70 20 100
70 70
=5 335
0 0
Q 10 20 k] 40 50 &0 0 20 100
a 0 20 30 40 50 80 70 20 100
0 0
55 55
0 10 20 30 40 50 &0 70 a0 100
3 1,412067 1148936

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.

-

Dialog

- EI Areal
--[7 Line1
£ 010 - Data Input
£ 0z0 - Pick
D__ 30 - Easy Refrackion

o]

Cancel

The module window containing the loaded travel time curves will appear.
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okl Easy Refraction v 1.01 E‘M

Data View TimeCurves  Refraction surfaces  Inversion  About  Exit
B (X d+ |00 |a|Z-|b
=-{¥]-100
. [@pick [i] 23 46 69 92 115 138 161 184 207 230
] 210 = 210
P ___,,__a—r—"'_—fu_-_—
—— L ems et
———— I,
,-——"’"_‘_::.-ﬂ::
140 bﬁcﬁ_ﬁ— iy -1 140
P H,;.}-qwﬂf—"”
e —
[ :::,,c::-k—»:_ P e
A - ——cagl s *
0 0
] 23 46 L] 92 115 132 161 184 207 230
OD 23 45 69 92 115 138 161 184 207 230 )
55 55
0 23 46 69 92 115 138 161 184 207 230
Time Curves Loaded: 5 »x -5391528 70,21277

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.

ot Easy Refraction v 1.01 .
Data View | Time Curves | Refraction surfaces  Inversion  About  Exit
B || i Color mode
=-¥1-100 7 Delete
L...[#] pick : 17 M 51 &8
I_'—Eﬂ' 4, Deleteall
Lo Wfpick | @  Shiftto zero
=¥ 115 = »
5----r1l'_'pin:|-: a1 Travel time difference ——
e |
=[] 235 ~
- @pick Lo Marker 4 |J| 1 —| e
I'::_j_i335 150 2 e s Fo
5--"r,ilpil:|': _ E _.__,__-——"“H
—""
4 B e
"—‘—u-\_\_\_._\_\_\-._\_
5 —a
100
———a_] 6
? -
‘——._\_\_‘_\_\1 —
: HH,.:-{
50 8 2 B
Clear all
0 5 :
n T 3 51 AR
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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.

4l Easy Refraction v 1.01 - —— - — Al X
Data View TimeCurves Refractionsurfaces Inversion About Eit
B XA e D a|dr
0 17 7} 51 68 & 102 13 136 153 170 187 204 221
&
T L @ik 200 — s 200
@S —
| pick ""—k-h_,__;_*_ __’_____,_J——f’“‘
EEIRE —— Pe—
i o [pick LT ——
=@ 150 150
[ Wlpick e T Te—
SR
T —— ] I
h\—‘_‘\'—\ e
_w—IA'-_—A -Ri——.‘
100 [ L
T T
R_._‘\_._M /ﬂ \\H P S
el T
50 s = 50
7 0558
" e /}:ﬁf/_ i
0 ! ! ! ! 0
0 17 % 51 68 3 102 118 136 153 170 187 204 221
.0 7 u 51 58 & 102 19 13 153 170 187 204 221 .
3 3
70 7
0 7 4 51 58 & 102 13 13 153 170 187 204 2

Time Curves Loaded: 5 x:131,8401 & 2317415

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.

4l Easy Refraction v 1.01 - ——— - — SRS X
Data View Time Curves Refraction surfaces  Inversion  About  Exit
=AY R I R RrAIN
=-[¥]-100
L @ik 0 17 U 51 68 85 102 119 136 153 170 187 204 221
£Eh - -
| [Tlpick 200 i - -
@ _ I —
P L [Wpick T — -
£ iz e e
[ ik B SR S §
£ [#]335 150 e = e 150
" Wlpick — S S i I _
. —,—=<R‘__\‘___‘ e {____——Jd—g
- —— =S
100 i N T T - 100
- T 25 b = 2576 | e
— _ P e e
T . B P —— 2 ]
- -
el e T
50 - — g 50
Ty —]
7 0698
T e /}:ﬁff_ ]
0 ; : : : 0
0 17 U 51 68 85 102 113 136 153 170 187 204 221
N 17 u 51 [ 85 102 119 138 153 170 187 204 21 .
35 5
70 0
0 17 4 51 68 85 102 18 136 153 170 187 204 21
Time Curves Loaded: 5 x: 209,6547 & 1544944

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

View

Pl

Data

=-#1235

. ipick

2-#]335
lzll:'":‘k

- - -
Vil
Time Curves | Refraction surfaces  Inversion  About  BEut
amt  Color mode
7 Delete
- 17 M Hi
4 Delete all
4 Shift to zero
Travel time difference e
& Marker 3 | 1 T e
]
L2l [+ - | g s
o] 3 | gt
e 4 —_;_\-_\;H_“hl-_
5
100
o | B
7
2000, Lo
50 8 gacen.
Clear all
[} I -
0 T H 51

Automatic travel time inversion

Open the Inversion/Reciprocal Method menu and select Automatic inversion.

sl Easy Refraction v 1'.01-

Data

=

1]
HEG

View  Time Curves

KA e g

i..[ ] pick

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.

Refraction surfaces | Inversion | About Bt
] Reciprocal methad — » ||  Automatic inversion F5
0 17 2 Compaosite travel time curves 118
Reciprocal times leveling
200 Velocity analysis and time depth functions
e Refraction surfaces
S .
150 i s i !
e =
S ]
e
N “ﬂh_'m“';"’ T
o D P
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[ 3 Easy Refraction v LOTWD (= [ [
— o —
Data View TimeCurves Refractionsurfaces Inversion About it
AN
0 7 3 51 68 8 102 19 136 153 170 187 204 221
200 =t 200
= 1 -4'—"/{ bt
s o ST il
150 ] =ty A i 150
i E— 2507
el — —
o e ——— e
s i e e
e e ey
100 e = == o 100
s 2154 e et 25 | e
r—— L == S - o
T 2 P TS T o m
ol o ol
= e
50 o =— = e 50
=y S
3 5 0658
T CIEN . 0635
o A : 1 . 0
0 17 N 51 68 & 102 113 136 153 170 167 204 221
[¥] Surface 1
0 17 =) 51 &2 5 102 113 138 153 170 187 204 21
0 0
3 ®
70 7
0 7 % 51 62 35 102 118 136 153 170 87 20 221
Time Curves Loaded: 5 x: 243,0038 + 162,284

Press t to show the layer velocity values at the section.

Manual travel time inversion

If necessary, all RSS processing stages can be carried out manually.

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/Reciprocal Method/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.
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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.

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/Reciprocal Method 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.

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/Reciprocal Method/Velocity analysis and time depth functions
menu.
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Then select the Inversion/Reciprocal Method/Refraction Surface menu item and specify the first layer
velocity in the pop-up window to build a boundary between the first and the second layer using the t0
travel time curve. The tO travel time curve needs to be selected with the left mouse button, and the
residual travel time curve — with the right mouse button.

| To hide any of the layers, press ctrl + layer number.
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Exporting the results

You can export the results of your work by selecting the Data/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:

- 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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