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A\

This software is produced for professional and research purposes. The use of
the software for the purpose of recording geophysical data and / or assessment
of risks and mechanical characteristics of soils is reserved for qualified and
specialized personnel such as doctors of engineering, architecture, physics
and geology, having also followed specialization courses in geophysics and
structural calculation. All certifications regarding this material are the
responsibility of the end user.

The software is provided in its most updated version, without any express or
implied warranties. The developer of GEOEXPLORER REFRACT is not
responsible for any loss, injury or damage of any kind in the event that the
software is used in situations of vital importance and without the necessary
technical expertise essential for the validation of the data obtained and does
not accept responsibility in the case of inappropriate use of the product.
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1 Introduction

The Refract module has been developed with the aim of providing a tool for stratigraphic
analysis by refraction, in order to extract the seismic-stratigraphic profile of an acquisition

with the relative speeds.

2 GEOEXPLORER REFRA

To use the module is mandatory to plug the USB license

dongle to the Pc.

Please note: it is recommended to run the

CT

software as administrator.

Hlustration 2-1

B rerract B
File Tools Report ?
Dataset T Pre Processing T Picking ]
Geometry Vi
Fiemove fie [ @ FleGraph  ( OverallGiaph " File Table Check
=T

Set Geometry |

Expart Geometry Geometry

Impart Geomety Coordinate |

Charinel |

Hlustration 2-2

The main page of the software is the Dataset tab where is possible to load in different ways
the dataset recorded in the field or directly the seismograms ready for the picking.
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2.1 Menu bar

From the File menu is possible to load the data in different (2] REFRACT
ways: File | Tools Report ?

1. New elaboration: Resets the program and makes it New elaboration

available for new processing. Import files...

2. Import files: This option allows to load data Open REF...
massively, even if the dataset has been recorded
with a third part seismographer.

Waork 3

Exit

Please note: it is possible to load SEG 2
files. (See chapter 2.2.1 Dataset page 14).
The software will automatically convert the lustration 2.1-1
data in .drm.

3. Open REF': It is possible to load the .ref acquisition file generated by the Surface
module of the GEOEXPLORER DoReMi. (please see the GEOEXPLORER
DoReMi manual)

Please note: it is recommended to always make a backup copy of the files.

4. Work: This menu allows to save, search, load works and to see the works history.

£2) ReFRACT

Tools Report 7

MNew elaboration

Pre Processing Ficking

Geometry
Import files... & File
Open REF...
[= |
Waork 3 Last testSave B

Save.. 002
Load... P
Search... 001

Exit

Hlustration 2.1-2
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The Load work option allows to select a
previously saved folder. This folder
contains a previously processed dataset

The Search work window

(=]
Load work Folder:
B Desktop it
* .= Raccolte =
> & cameli 5

48 Computer
> ‘E. Disco locale (C)
> ‘o Unita DVD RW (D:) Tablet_CD
+ g archivio (\V\server) (2] -

annulla

Crea nuowva carkella (a4

Hlustration 2.1-3

1181172021 «| Dateelab: [18/11/2021

=]

allows to look for a work in | search Wark

the device and in the time

interval selected.

If the dates selected are both

the current day the search

will be done on the whole

device without restriction.
D ate:
Idzer:
Clignt:
Location:
Address:
Muate:
[

B

|Ipdate
drive ligt

Load ‘

E it ‘

Hlustration 2.1-4
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This software generate a temporary copy of the uploaded files on which it works. Proceeding
with saving the work, the program generates a folder with the selected name in the desired
position. The folder contains the original files, the support files and the processing
information, thus creating an image relating to the status of the processing process at the time
of saving.

Please note: in addition to making a backup copy of the original files, it is
advisable to proceed with periodic backups in different folders, in order to
preserve the various processing steps. The software also provides the
overwriting function in the same save folder, but we DO NOT RECOMMEND
this procedure

Please note: Manually modifying the contents of the save folders can lead to
anomalous behavior of the software and/or to the loss of processed
information. WE STRONGLY NOT RECOMMEND modifying save folders.

The Tools menu allows to:

1. Pre Processing: Contains a series of useful tools that can be used in the pre processing
view: (Illustration 2.1-5)

I. Undo: Undoes the last function applied at the selected file.
II. Redo: Executes the previously undone function again.

II1L. Revert to original: Restores the file to the state it was in before Pre processing.

E’ﬂ] REFRACT - REFRACT_05_08_2022 15 56 01.rfs
File Report ?
[ Pre Processing 3 Undo CTRL+Z
Picking » Redo CTRL+Y

Revert to original

Settings

Apply functions to all
=]lzd° Revert all to original

Open functions list
100ms F3- &2 Save functions list 5
ST el A [L I T TSy -] A 3 1 £ -‘

Hlustration 2.1-5

Teall T

IV. Apply to all: Apply the function list of the selected file to all other files. Warning:
any other functions applied to the other files will be lost.

V. Revert all to original: Restores all files to the state they were in before
preprocessing..

VI. Open: Allows to open a .fun file from the disk, and applies the functions contained
in it to the selected file.

VII. Save: Saves a .fun file to disk, containing the list of functions applied to the
selected file, with the relative parameters.
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Please note: The function history remains stored for each channel. If the
Revert to original or Undo functions are used, the history of the undone
functions remains stored until the file is changed. In this case, only the
functions applied remain in the history.

Note: in the case of the Revert all to original function, only the displayed file
will keep the canceled functions in the log. By changing the seismogram, the
latter will also be reset.

2. Picking: It contains some functions that can be used on the picking screen Illustration
2.1-6

I. Reset all picking: it resets the picking carried out on all the files of the dataset to
zero. This operation cannot be undone.

II. Reset all intercepts: it eliminates the intercepts picked up on all the files of the
dataset. This operation cannot be undone.

£=] REFRACT - REFRACT_05_08_2022 15_56_01.rfs

File Report 7

Pre Processing k Pre Proceszing T_
Picking » Reset all picking
. I
. e Reset all intercepts _
[ —— e wlB 7 8 3107111213 141516 17"

Hlustration 2.]—6I |

3. Settings: A window opens in which it is possible to set some processing settings on the
intercept method, in particular with regard to the graphical representation of the
results.(Illustration 2.1-7)

Settings £
Elaborations

[ Topographic corection

Intercepts
Lo S moothing
v Welacity timmed rmean

E Smaothing Type
Welocities ta trim q Paints number 200

" Spline-T
Tension 30 ™ Spline-B
Modes Number 3 I~ Spline-C i
" Bezier
Infinite layer depth 2 om Feset Default o e
GRM
Min Delta points 3 Min =Y [absolute) o m
v Allow Megative Delta b &= v [absolute) 25 m
Tirne Shift 10 ms

Infinite layer depth 2 m

Cancel Apply | Ok

Hlustration 2.1-7
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I. Topographic correction enables the vertical correction in both the stratigraphy of
the intercepts and of GRM, if it is enabled the stratigraphy will reflect the
altimetric profile of the spreading, according to what are the z geometries of the
geophones.

IL. Intercepts:

a) JVelocity trimmed mean: If enabled, excludes extreme values, (smaller and
larger) from the calculation of average speeds. The number of values to be
excluded is reported in Velocities to trim which indicates the number of speeds
to exclude between the minimum and maximum values. For example, if the
value is 1, the smallest and largest speed will be suppressed.

b) Infinite layer depth defines the arbitrary depth of the semi-infinite layer to be
represented in the stratigraphy

¢) The Smoothing section provides a series of tools to manage the design of the
interfaces between the layers through various spline functions. If None is
selected, the interface will be designed simply by joining the points calculated
by the intercept method.

III. GRM:

a) Min delta Points allows the user to select the minimum number of points that
must be generated from a pair of files to be valid and usable for GRM
processing.

b) Allow Negative Delta, if selected, it enables the use of negative deltas in the
generation of pairs.

¢) Time Shift: defines the time shift to be applied to the TV and Tg lines in the
GRM graphs.

d) Infinite layer depth it is equivalent to that of intercepts.

e) Min XY/ Max XY indicate the minimum / maximum value in meters of the
distance between two geophones.
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as the photos the elaborations. (Illustration 2.1-8)

Generate report

— Info report “image
Drate: W
User: SARA Electronic Instruments
Client: Cliente
Place: Cantiere MN#5
Address: “viadellewia. 12 06100 Ferugia
StarLatiude:  |43.156 EndLaiude: | 1216615 lnaoclpatk
Start Longitude: 43157 End Longitude: 1216620
Start Elervation [m]:  [250 End Elevation [m]: [252
Draturn: IWGSB4 SPS: LO00D
Lenath [s]: |17 Imfinite layer [m]: |2 Mate: |
Survey: WS Add Delete I
Wwheather: Sereno
Mote: Appunti var
Acquisitor details:
Compaty: Sara Electranic Instruments
Model: REFRACT Sensar
i Select contents to export
W aveforms Elaborations
R 1 | Hore| S
14 [¥ Complete waveform ¥ GRM
3
—
45
56

[~ Show report after generation Scrivi report | Ezci |

Hlustration 2.1-8

The ? menu gives the software information like version and contacts. (Illustration 2.1-9)

=)

Ssara .-

E2) REFRACT

| €lectronic instruments

|
REFRACT 200
58R4 electronic instruments s.r.l

ia A, Mercun 4
06129 - PERLIGIA, - Italy

URL: wnanw.zara. pg.it
E-mail: infal®sara.pg.it
Phore: +39 075 5051014
Faw: +33 075 5006315

Design: bauro Marioth, Alessandro Cameli, &ndrea Prospern
Programming: Stefano Camilletti, Aleszandro Camel
Research: Andrea Prosper

Hlustration 2.1-9
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2.2 Tabs

The software is structured in tabs which will guide the user through the whole the elaboration
process:

1. 2.2.1 Dataset
In this tab is possible to load a dataset and set the geometry
2. 2.2.2 Pre Processing

In this tab it is possible to perform various functions on the signals in order to
highlight the desired characteristics

3. 2.2.3 Picking

In this tab it is possible to perform the picking of the first arrivals and intercepts. From
here it will be possible to start stratigraphic processing using the intercept and the
GRM methods.

13 0f47  SARA electronic instruments s.r.l — Italy — www.sara.pg.it — info@sara.pg.it



http://www.sara.pg.it/

GEOEXPLORER REFRACT —2.0.2 — USER MANUAL

2.2.1 Dataset

Once loaded a dataset, the table within this tab will populate with the various shots. By
selecting a file it will be possible to see a preview of the content in the seismogram on the
right. A preview of the geometry can be seen in the graph below.

£l REFRACT = e =S
File Tools Report ?
Dataset T Pre Processing T Picking
Geometry Vi
Remave file ( & File Graph " Overal Graph ©* File Table Check
P =T 2 3 1 5 G 7 B 3 0 1 12
M [ e ——
00_0200_012_ben 2 dim e o N U ISUT SV SN SV UV JNUUUUE SR YU SEN S S
2021-01-21_0857-00_05000_00200_012_Acq »2.dim
2021-01-21_08-58-14_05000_00200_012_4cy +2.dim
2021-01-21_03-00-01_05000_00200_012_Acq v2.dim R Rl bt bl Rk E bk (N bt ARt By MRl RORRLal R
2021-01-21_03-00-41_05000_00200_012_4ce +2.dim
Lot A e e o REGGEETE SEEELTE: EERPEEEE FEEPRETE SEETTR EEET s e
T e e e e TS it [ EER it (RS [REEESS i e
LE] TR EEEETEEE CREPEETH EEFETTE EERPPTTT CECTETTE TEEETEES FEETEETE CEPRETTH TRETTETS EECETEEE CEPTeres
LR Y N N EEse L
[c::: Y EERE EECERCEE EERCEPRT| RUPRERRY ERCPRTLE [OPRCRRT FUPFURRS SERCRRE [ORRCERE PRCPRCRS CRECPRE FERRRERS
TS| paseyiersescey premcend peosomas) ieseemsey brooseng poosesea lpooomemr brossEag poEoEEe) PEEoEEm, PocEooDD
) SRR EEETREEE EEEEEPET! TEEPPEES EEPPEERE CEETEPES TEFPTRE EECTERTE EETTTTE TEETEETS EECEETTE CEPTEres
|Charinet 1 |Pick: 4ms |Ottset- 0.3 |Riangs: 2033329 |Peak: 1456664
|Ennrdinata ¥ 3m |Ennrdinata ‘- Om |Ennrdinate Z:0m ‘Ern ‘
Set Geometry |
St i 5 10 15 20 5 0 ki
Export Geometty Geometry * v V & v W v V & v W N v
T — Coordinate i 3 3 ] 12 15 13 k4 24 7 0 k& ®
Channel 1 2 3 4 5 H 7 g E] 10 1 12

Hlustration 2.2-1

Double clicking on S.L. the user can set the

spread value. This value allows, if necessary, Mare file |5.L]5el
to keep the various geophone spreads . Set geometry g . drm 1
divided, which will then be saved in separate - Selection R Enable All [
ref ﬁleg For. each new .ref file loaded this _ Order by , Disable Al
value will be increased. i

. . .. Remove Enable 3. [
Usmg the checkbox in Fhe Sel column, it is O D000 0200 T2 Disable S.L.
possible to enable or disable the file. Only . : i

. nvert Selection

enabled files will be used for subsequent .
processing. Illustration 2.2-2

By right-clicking on a file a popup menu
will appear ( lllustration 2.4-4) through which it is possible open the geometry setting screen
using the Set Geometry option.

There is the possibility to massively modify the selection of files through the Selection menu,
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in particular it is possible to enable /
disable all files (Enable All / Disable Mame file 5L
All), enable / disable the spreading [z1-07-21_08-52-47_05000_00200_012_Acq v2 dim
(Enable S.L / Disable S.L.) and invert [21-01.21 025346 05000 NO200_012_Acq v2.dim
the selection (Invert Selection) Set geometry I0_012_Acq vz.dim
Hllustration 2.4-4 Selection p J_O0T2 Acqg ve.dim

Tu BT TS -

| Order by r Mame
Shot Position

QIR

It is also possible to sort the dataset Remove
by file name or burst position
(Illustrazione 2.2-3) and remove the
file using the Remove menu.

Hlustrazione 2.2-3

Set geometry Illustration 2.2-4 allows to |Geometry
manage the horizontal geometry of an

acquisition file quickly by being able to S et [ 3
modify the geometry of the geophones,

indicating the position of the first geophone el 3
and the spacing between them, and the Shot (m] 1

position of the shot.

Done | Cancel |

Hlustration 2.2-4
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seismogram, has some additional functions inside it, in addition to the display functions.

=T,

(5]

1. Select to move: Select a channel to move. The channel in question will be highlighted
in a different color.
2. Delete: Delete the channel from the p------- R ) fo------ | 1---
seismograrn. Time zoom from start to here
3. Kill: Sets the channel amplitudes to zero. Group
Amplitud
4. Move here the selected channel: Moves the -t mpTHee soem =
previously selected channel to the current Amplitude zoom -
pOSitiOIL Select to move
5. Kill above here: Sets the channel widths to zero | Delete
for all time values above the clicked point. Kill
6. Auto offset: Automatically sets the channel -f Move here the selected channel
offset. Kill above here
7. Set offset: It allows the user to manually set the | Auto offset
channel offset. SeiiEe
Invert
8. Invert: Reverse the channel. e
) 1 Time shift + of waveform
9. t7)”zme shift (;;1 ‘of wavef(l)rm: Tlrlanslatgs ‘Fhe s1tgrﬁ11 Tirme shift - of waveform
rgfcérgli;, adding samples at the beginning ot the F Custorn time shift
& 0 Reset time shift
10. Time shift — of yvaveform: Translgtes the signal = Tt
by 1 ms, removing the first recording samples. :
Save as image
11. Custom Time shift: Opens a small popup where 1 " 505 '
the shift value can be set. Positive or negative " fration 2.z-
values, will indicate the direction of translation.
12. Reset time shift: Undo changes made via the channel shifting options.
13. Copy as image: It allows to copy the image of the seismogram to the clipboard.
14. Save as image: 1t allows to save the seismogram image on file.

These functions can be used separately for each channel.

In the generic menu of the seismogram there are other functions that allows the user to better
manage the processing.

Some of them are the same as those for the single channel and perform the same function, the
difference is that in this case they no longer act on the single channel, but on all the channels
of the seismogram. (Illustration 2.2-6)
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In the main menu Illustration 2.2-6, in addition

to the display functions, there are the tools: — TR % A “
1 v Trace maximun CTRL+E

1. Undo: Undoes the last operation ! Global maximum CTRL+D
performed on the seismogram. Amplitudes zoom + CTRL+R

2. Deselect all: Deselect any channels have q Amplitude zeom - CTRL+F

been selected. v Clip mode

. . . ¥ Wiggle with positive fill
3. Mirror: It mirrors the seismogram by 3 = P

reversing the order in which the channels Wiggle with negative fil

appear. 0 v All channels CTRL+4
4. Auto offset: Automatically sets the offset Undo
of each channel. Deselect all
5. Invert all: Reverses the signal polarity of - ——
each channel. Auto offset
1 Inwert all

6. Time shift + of waveform: Translates the
signal of each channel by 1 ms, adding

samples at the beginning of the
recording. Custom time shift

1
Reset time Shift

Time shift + of waveforms

Time shift - of waveforms

7. Time shift — of waveform: Translates the — ;
signal of each channel by 1 ms, Illustration2.2-6
removing the first recording samples.

8. Custom time shift: Opens a small popup where the shift value of each channel can be
set. Positive or negative values, will indicate the direction of translation.

9. Reset time shift: Undo changes made via the channel shifting options.

The seismogram windows use the same display functions of the GEOEXPLORER DoReMi
program, therefore we refer to the GEOEXPLORER DoReMi manual for their explanation.
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Regarding the geometries, 3 different views are available:

1. File Graph: displays a 1d representation of the geometry of the selected file.
lustration 2.2-7

Streamer 0 B 10 15 20 28 il 55
| | | | | | |
| | T | | | | | I | |
Geometry W V Vox Y W vV WV kY W W W W
Coordinate 3 [ 9 108 12 15 18 21 24 27 30 33 36
Charnel 1 2 3 4 5 [ 7 8 ] 10 1 12

Hlustration 2.2-7

2. Overall Graph: displays a 1d representation of the overall geometry. Illustration 2.2-8

Streamer 0 5 10 15 2 2 10 % 1
| | | | | | | | |
| [ | [T | T | 11 | T

Geometry L. SVARVEARERVE SVEERVERVE SYNAVARRVE SVEERVENRVE &

Coordinate 015 3 8 3 10512 15 18 195 21 4 7 W5 W @ % W5 W

Hlustration 2.2-8

3. File Table: displays the geometry of the selected file in tabular form. From this view it
is possible to modify the values of the X and Z positions of the geophones, by double
clicking on the corresponding cell. it is also possible to change the coordinates of the
shot using the appropriate text fields. Illustration 2.2-9

Ch. N* 1| 2| 3| 4 s s 7| 8 39| 100 11| 12
X (m) 3 & 9 12 15 18 21 24 2F 30 33 36

Z [m] 2.3 1.7 11 0.5 o -05 -1 15 148 23 27 31

| Shot = [m]: I 1.5 Shot 2 [m]: I 2.4

Hlustration 2.2-9

There are 3 buttons:
1. Set Geometry: Opens the geometry setup pop-uplllustration 2.2-4
2. Export Geometry: Exports geometry in csv format

3. Import Geometry: Imports geometry in csv format
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Note: importing the geometry only modifies the depths (z) taking the Xs as a
reference. For each pair X, Z reported in the csv file, all geophones at position X
will be searched in each file and their Z dimension will be updated.

Once completed the dataset configuration, click on Check button. By clicking on it, checks
will be carried out on the dataset and, if successful, the next tab will be displayed.

If there are more shot enabled with the same properties the software will automatically stack
the seismograms.
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2.2.2 Pre Processing

In this tab it is possible, using appropriate tools, to process the dataset in order to highlight the
features useful for identifying the first arrivals.

B rerract EE=]
File Tools Report ?
Dataset Pre Processin g 1 Picking )
Filers ‘ 1AGC ‘ Detrending ‘ Next ‘
Original 1 FFT Esed
= 1 2 3 4 5 B 7 8 El 10 " 12 g‘ 1 2 3 4 5 B 7 e 9 1 " 12
et H
» r <L' > )
Sl S ) T I
> > » ; > > » »
< L D. > > ) 3 ) o< » S <’ >3 | 3
» » » > 14 > B I
> “» > <b > Y » < <’ »
| I TS »p ' ' » S »p ' r >
T I ] » S T |
)0ms
Fikters
Channel4 Pick: 4rns Offset: 0.1 Range: 303206 Peak: 151602 Channet12 Pick: 30ms Offset-05 Range: 67495 Peak: 33747
Coordinate X; 12m Coordinate Y: Om CoordinateZ 05m  12m Coordinate ¥: 36m  Coordinate : Om Coordinate Z: -31m | 36m
Hlustration 2.2-10
Diiginal | FFT
The window (Illustration 2.2-10) is | [ 7 2 5 & "5 & 7 & 3 W 1T T

arranged as follows, from left to right,
there is the table through which it is
possible to select the file to work on (red
box), the  original  seismogram,
alternating with the FFT display L s e e ) ) A I B
(IMustration 2.2-18), the list of functions Sl R A R N
applied in the lower center (blue box),
and the processed seismogram (green
box), that is the one resulting from the
application of the wvarious picking
functions.

The context menus on both seismograms
contain the classic display settings, as
well as the ability to copy the image to
the clipboard and save it to file, also ™ ({1 | 7777

available on the FFT graph. Channe10 Frequency: 1.0 Module: 14487
Hlustration 2.2-11
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Three tools are made available to the user to process the data:

GEOEXPLORER REFRACT —2.0.2 — USER MANUAL

1. Filters: There are 2 different filters available, Zero
Phase and Non Zero Phase, with Low Pass and
High Pass modality. Each of them can be activated
through the relative checkbox. Furthermore, for the
Low Pass and High Pass filters, it is possible to set
frequency and order. By combining both filters it is
possible to generate a passband. More info ar the
chapter 4.2 Filters pag. 40. (Illustration 2.2-12)

lustration 2.2-13 shows both the original data (left)
and the filtered one (right).

Digital Filkerz zetup
Zero Phase Filter

Low Paz=
Hz

Filter Order

High Pazz
Hz
Filter Order

Apply

Hlustration 2.2-12

Y.

P
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S Al
; i,/ —| 5
I v - B
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i

e
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-

21 of 47

SARA electronic instruments s.r.] — Italy — www.sara.pg.it — info@sara.pg.it



http://www.sara.pg.it/

GEOEXPLORER REFRACT —2.0.2 — USER MANUAL

2. IAGC: the time window can be set in milliseconds
before applying the function. Illustration 2.2-14 For a5 setup
the definition refer to chapter 4.3 [.A.G.C.
(Instantaneous Automatic Gain Control) pag. 42. T el

[z |

Ilustration 2.2-15 shows an example of IAGC application. Apply ‘

Hlustration 2.2-14

o

S

MR . A4
oA/, AW 4
-

e i i

e ! = A 2
N g g o o KA
= Y, o, =
Z g -~ Y M 5
B AR - s

Hlustration 2.2-15

3. Detrending: This tool allows the user to eliminate the
trends present within the data. It can be chosen the [ Detrending zetup
degree of the polynomial that will be calculated.

Illustration 2.2-16 Degree: "7

Apply |

Hlustration 2.2-16

The Tools — Pre Processing, menu contains useful features for interacting with this section of
the program. Please refer to section 2.1 Menu bar.

Once the dataset is ready just click on the Next button which will enable the Picking tab.
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2.2.3 Picking

In this tab is possible to perform the first break picking on the various seismograms. On the
basis of the picking carried out, it is possible to pick the intercepts.

The pickings of the current file are shown in red. If the Show all picks checkbox is enabled,
the lines representing the picking carried out on the other files are represented on the
seismogram. Other files can be selected from the table on the left. he colors serve only to
distinguish them from each other.

20 REFRACT EI@

File Tools Report 7
Dataset T Fre Processing T Picking
Picking View Shaw Velocities Labels Show Directions Show Files Welocity
[~ Show All Picks Picking table & Al ¢ Seismogram  © Intercepts| (% Curent ¢ Al ¢ Mone || @ Al ¢ Diect ( Inwerse " Mone || ¢ Cument & Al || & Vs O Vp

File N° = |1 2 3 4 5 6 7 8 9 10 1 12
1 — 5@1 T I I T Paisson (0,32
z =T F s
Intercepts GRM

200ms F-4----4----4----4----J---
Direct

~m o= e

A00ms F-a4----d----J----J- - - oo e e e - Meters X

[m]

Times Y | Velocity
[ms] [m/s]
3 536 nd
B3 1319 433,08
21.04 2385 132645
36 29.03  2889.03

[ S} poq pseq pemeypeem Peaey beoetboney oo eonepons; ooy eaoor 5o

i) SRR CECE EEEES EEEEE SRR CEEEE SECEE EEEEE EEEEE EERES EEEEE B8

______

Inverse

= Y Rl SR NSRS RS S S R [ . Bl | Metess X| Times Y | Velocity
- [ms]

Charnel:& Pick: 21ms  |Offeet- 02 102948 51474

16m [ -0.5m 18m Meters [m]

Ch. 1 2 3 4 5 6 7 8 12

% [m] 3 B k] 12 15 18 21 24 27 30 33 36
Pick [ms]| & 1.4 148 | 174 | 192 236 246 | 258 | 282 3

Hlustration 2.2-17

With the ticks within Picking View, the user can choose whether to show both the seismogram
and the intercept graph or only one of the two. If it is chosen to show only one, it will occupy
the entire area originally occupied by the two graphs.

With the ticks inside Show velocities labels it is possible to choose whether to show the labels
with the speed on the intercepts; The choice is between Current File, All and None. In Show
directions it is possible to choose whether to show only the direct intercepts or the inverse
ones or both. By means of the ticks in Show Files it is possible to choose whether to display
only the intercepts of the current file (in red tones) or also those of the other files (in blue
tones).
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In Velocity it is possible to define the type of wave being analyzed, depending on whether the
acquisition was made in P waves or in S waves. Through the Poisson TextBox it is possible to
manually set the poisson value for the acquisition, which it will then be used for some
calculations.

The seismogram (Illustration 2.2-17) has the same display functions present within
GEOEXPLORER DoReMi.

To perform the picking hold the SHIFT key and click with the left mouse button on the point
of the first arrival. Holding the left mouse button and the SHIFT key, it is possible to pick the
other channels by dragging the cursor along the seismogram.

It is possible to browse the seismogram using the keyboard. By Left and Right arrows the
channels will be selected. (the currently selected channel is highlighted by a different line
color). Up and Down arrows move the picking op or down 1 sample at a time. Pag Up and
Pag Down keys move the picking op or down 1 millisecond at a time. Home and End keys
move the picking at the beginning or at the end of the window.

The context menu, accessible with a right click of the
mouse on the seismogram, has some functions inside it, in
addition to the display functions.(Illustration 2.2-18)

-
; Time zoom from start to here
F Group

!

Amplitude zoom +

Amplitude zoom -

In addition to the Pick function that allows the user to pick
on the channel, the seismogram can be saved, or copied to Pick
the clipboard as an image

LN L W R W PN T E—

] ) Copy as image
In the generic menu of the seismogram there are only the 5 :
dve as Image

standard display functions. T T YT
lllustration 2.2-18

On the right pane it is possible to perform the intercepts picking (Illustration 2.2-17). To start
picking just double click anywhere on the graph, by continuing to click on the graph in one
direction or the other, new segments of the intercept will be generated. Moving to the right the
user will get the picking of the direct, to the left that of the inverse. Only two picking
segments are allowed on the same file, the direct and the inverse one. The program will make
all necessary checks. By clicking outside the spreading, or by clicking with the right mouse
button, it is possible to interrupt the picking of the intercepts.

Picking can only be carried out within the seismic line, between the first and last geophone.
The program will autonomously move the picking extremes that fall outside the line, keeping
the speed consistent.

The table in the lower part of the window (Illustration 2.2-19) shows the picking of the
various channels of the selected file, also showing their horizontal geometry. It is possible to
manually edit the picking value, by double clicking on the desired cell.

The picked values will be shown in the tables on the right (Illustration 2.2-20), the direct
above and the inverse below. By double clicking on the distance or time cells it is possible to
edit the values. After the manual modification the speed values will be recalculated and the
drawing will be updated.
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ch (1 2 3 4 5 6 7 8 9 10 M 12 -
Xm | 3 B 8 12 1\ B A M ZF W B’ HK Meters X| Times ¥ | Velocity
. [m] [ms] [m/s]
Pick[ms]| 5 114 148 174 192 22 236 M5 X8 %2 2B 7 2o 077 T
5 18.16 9.06 E91.79
Illustration 2.2-19 & 1ams| 17es7a

By right-clicking on any of the tables containing relevant data, a
popup appears, through which the table can be exported as a csv,
or as an image, to file or to the clipboard. (Illustration 4.5-2)

Inverse

Meters X | Times ¥ | Yelocity

3 B35 [ [m] [ms] [m/s]
1047 0.35 n.d.

3 ER R 252,74

Export Table. ..

Save Image. ..
Copy Image

Hlustration 2.2-21
Hlustration 2.2-20

By right clicking on the vertical scale of the intercept graph, a
contextual menu will be shown with the following options
(Illustration 2.2-22)

* Set Zoom: sets the zoom taking as a reference for the [  ResetZoom
maximum value the value which have been clicked. Tlustration 2.2-22

Set Zoom

Automatic Zoom

*  Automatic Zoom: Sets the zoom automatically based on
the displayed intercepts.

e Reset Zoom: set the zoom to the default value.

Right clicking on a vertex of the intercept line will show a context EEEEECHEE R IEEEEEae T,
menu with the following options (Illustration 2.2-23) : :

Move

*  Move: It allows the user to reposition the vertex on the __-;'}- Delete
graph by clicking on another point on the graph. §

; Continue Intercept
* Delete: Removes the selected point. Tl

» Continue Intercept: It allows the picking of intercepts to be
resumed from the last point positioned.

250f47 SARA electronic instruments s.r.] — Italy — www.sara.pg.it — info@sara.pg.it



http://www.sara.pg.it/

Right clicking along the intercept line will show a context
menu with the following options (Illustration 2.3-6)

* Set Layer: Opens a pop-up that allows you to set the
layer value of the first intercept segment (Illustration

GEOEXPLORER REFRACT —2.0.2 — USER MANUAL

2.2-25).

* Add Point: Allows the user to position a new point,

breaking the segment that was clicked.

Set Layer

Add Point

Continue Intercept

Delete Intercept

* Continue Intercept: It allows picking to be resumed Hl“Str atzon 2 2 24
from the last point entered.

* Delete Intercept: Deletes the selected intercept.

It is also possible to manually edit the intercepts picking values
(meters and times) double clicking on the relative cell in the

Layer |1 vI

H Set Layer @

Direct or Inverse tables which are placed on the right of the jjj,sration 2.2-25

window.

Clicking on the Picking table button a table is shown showing all the picking carried out, on

each burst. The table ca be exported by right clicking on it (Illustration 2.2-26)

2] Complete picking table

[= ][O =]

Eegzﬁ"]‘;es 51 | 52 | s3 | sa | s5 | s6 | s7
Im Bmz | 38mz | Amz | 20mz  24.2ms| 332mz 358 ms
Em M. 4mz 108mz d4me |[1E8mz 2Z2mz  31me 326ms
9m 148ms 138ms| 08ms | 13mz 196ms| 288 ms 31.4 ms
12 m 17.4mz 168mz 08mz | 96mz 166ms 26ms 288 ms
15 m 192ms 188ms| 28ms | 54m: 134 ms| 234 ms 26,2 ms
18 m 22mz [ 21.2mz 8mz | 1d4mez | 11.4mz 226mse 26,6 mz
21 m 236ms 23ms [108ms 14ms 8E6ms 204 ms 23ms
24 m MEmz 22mz 12ms | Bmz | 46mz 17.2mz 196 mz
2¥m 288ms 28ms [13E6mz 9ms | 1.8ms | 144 ms 166 ms
30 m 26.2mz 25 8mz 144mez 102mz 18mz 11.4mz 142 ms
33 m 28ms | 276ms 16Ems|[126mz 4E6m: SEms | 108 ms
36 m Fmz | .2mz 206ms 17ms | 96ms  BZmz | Fmz

Hlustration 2.2-26

By clicking on the Intercepts button, a new form will be opened, in which it is possible to view the

result of data processing using the intercept method.

By clicking on the GRM button, a new form is opened, in which it is possible to prepare the data for

the calculation of the stratigraphy using the GRM method.
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2.3 Intercept

This form displays the stratigraphy calculated using the intercept method. (Illustration 2.3-1)
In the table on the left it is possible to choose the file whose stratigraphy is wanted to be

displayed.

H REFRACT - INTERCEPTS

Tools

Complete interface table | [ Show Layers @ Al Diest Inverse

Meters [m]

Interface 1

Interface 2

Vim/sl| XIml | Z[m]

v2imssl] Ximl | ZIm]

Direct 438.08 0.a7

Inverse

Avg.

03

1326.45

3.43

5.97

=5 Eol ==

Show Directions
Cale. Poirt Custom Point

40

Interface 1 | 2

Custom_ X [m] 739 1483 2571

Custom_ Z [m] 242 678 634

Hlustration 2.3-1

It 1s possible to enable or disable the display of the layers through the Show Layers flag. If
Show Layers is disabled, only the points calculated using the intercept method will be
displayed in the graph. (Illustration 2.3-5)

Using the Show directions options it is possible to choose whether to display the complete
stratigraphy, or the one resulting only from direct or inverse intercepts.

The table at the bottom left for each interface shows the values of
the intercepts used for the calculation of the stratigraphy.

E’] Set Customn Point (==

By clicking on the Set custom point button, a pop-up will be Distance [<) o [m
shown through which it is possible to manually set known points Depth@) [ g (m
by defining their distance, depth and interface. (Illustration 2.3-2) nteface [T =]

The coordinates of the custom points will be shown in the table at
the bottom right. The custom points are also drawn differently on

the stratigraphy graph

in order

distinguishable. (Illustration 2.3-1)

to make

them easily

Hlustration 2.3-2
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It is also possible to insert a custom point by right-clicking on the
desired interface line, and select the Set custom point option from
the drop-down menu. In this case it will be possible to insert the
point directly on the graph by clicking on the desired point.
(Illustration 2.3-3)

By right clicking on a custom point, a contextual menu is shown from

Set Customn Point

Tllustration 2.3-3

which the user can choose whether to delete the point, or modify it. -
(Illustration 2.3-4) If the user choose to edit the point, the same pop-up | Delete
used for the insertion will be shown (Illustration 2.3-2). ! ' "" -

Hlustration 2.3-4

2] REFRACT - INTERCEPTS =N Ech

Tools

Settings ‘ Set Customn Paint Complete interface table | [~ i

Show Directiors
Al Direct 7 Inverse

Meters [m]

Meters [m]

Interface 1 Interface 2 Interface
Vimss]| Ximl | Zmml |[v2Imssl| Ximl | Zml Custom. X [m]| 739 1453 2571
Direct 498.08 0.87 0.3 1326.45 345 -5.97 Custom. Z[m] | -242 £78 -6

Inverse

X

Avg.

Hlustration 2.3-5

By right clicking on the graph, a context menu will appear
(Illustration 2.3-6), through which the graph can be copied to
the clipboard or saved as a file. Furthermore, through the
Export 1d Stratigraphy option it is possible to export the 1d _

i : : . . Export 1d Stratigraphy
stratigraphy of a selected point. To save the stratigraphy, just = R
click on the desired point, for this purpose an orange vertical 777, cration 2.3-6
line will appear (Illustration 2.3-7), which will help the user in
selecting the point from which to extract the stratigraphy. To stop the operation, right-click on
the graph with the mouse.

Copy image

Save Image...

e e,
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Calc. Point Cusztom Point

Meters [m]

Hlustration 2.3-7

Clicking the Complete interface table button shows a table showing all the calculated points,
and the custom points grouped by interface. The table can be exported by right clicking on it
(Illustration 2.3-8).

E Complete interfaces table |E”E”E|
Interface 1 Interface 2
Xm | 2m | xm | zm
0.av 0.3 349 -B.97
228 nz 48 612
11.25 .14 3212 -5.88
1937 -1.89 3398 813

27.59 333 Custom Points

3295 639 2217 Ry

3479 641 11.98 -B.67
Cuztam Points

.63 -0.39

Hlustration 2.3-8
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2.4 GRM

The GRM analysis preparation window consists of two tabs, Selection and Analysis.

2.4.1 Selection

The Selection tab (/llustration 2.4-1) allows the user to select the data to be used for
processing. In particular, for each refractor, it is possible to compare the available data and
select which pairs of files to use.

1] REFRACT - GRM = E=n =
Tools
Selection T Analisys ]

7 iTime Shitk &
Refractor |1 7 %rlabels [ MeanTV Show TV-TG Awvg Vel [mds] 122988 Next
5

Meters [m]

5 18 21z 0 33 36 9 0 2 13 14 15 16 17 18 19 20 21 22
Meters [m] Meters [m]

Hlustration 2.4-1

Using the combo box at the top left it is possible to select the refractor that is wanted to work
on. The table on the left shows the list of the pairs generated by the software. By clicking on a
row of the table it is possible to view the graphs of the overlaps (on the left), of the TV and of
the Tg, for the selected pair. By clicking on the checkbox next to the file name it is possible to
select / deselect the pair. By right clicking on the pairs table, a contextual menu will be shown
through which it is possible to enable / disable all the pairs.

The pairs are generated by comparing the files two by two, looking for overlaps between the
direct picking of one and the reverse picking of the other. The software verifies that the
number of geophones included in the intercept overlap is greater than the Min Delta Points
value set in the program settings. (Chapter 2.1)

In the graph on the left the overlaps of the intercepts are graphically represented, highlighted
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with a vertical green band.

The graphs on the right (I/lustration 2.4-1) show the trends of the Tv (above) and Tg (below)
curves. For each pair, N different colored curves are shown, each for a different XY value.
The XY value represents the distance between the geophones used to calculate the Tv and Tg
values.

It is possible, through the 4 checkboxes at the top left, to change the display as needed.

* Time Shift: enables / disables the time shift, which can be set in the program
settings, which translates the various curves vertically in order to be able to distinguish
them more easily. There is no vertical scale in this view. (/llustration 2.4-2)

*  Show Velocities: enables / disables the display of the speeds calculated by the
interpolation of the TV points.

e XY Labels: shows / hides the XY labels.
e Mean TV: shows / hides the mediated line of TVs.

2 ReFRACT - GRM o [= =
Tools
Selection T Andlisys ]
[ Time Shift ¥ Show Velocities

Refractor |1 = [ % Labels 7 Mean Ty Show TV-TG Avg. Vel [més] 122988 Next

g 10 11 12 13 14 15 16 17 18 19 20 2 22
Meters [m]

g 1m0 N
Meters [m] Meters [m]

Ilustration 2.4-2

The Avg.Vel text box shows the average speed of all TVs calculated on all selected files and
on all XYs, in order to have a general indication of the speed of the selected refractor.

By clicking on the Show TV-TG button, a popup will be displayed showing the TV and TG
graphs in tabular form. (//lustration 2.4-3)
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B2 TV TG tables ===
TV
Xr=6 ®r=-2 =0 Xr=3 =6
G[m] [ TV[m] | G[m] | TV[m] | Gm] | TV[m] | G[m] | TV[m] | G[m] | TV [m]
12 14,53 105 13.23 3 11.73 105 13.03 12 13.93
15 17.13 135 16.13 12 14.53 135 15.43 15 16.83
18 19.43 165 18.02 15 17.03 165 18.43 18 19.23
195 20.82 18 19.43 195 2023
21 21.63
~TG
Xr=6 Kr=3 ®r=0 Xr=3 XKr=6
Gm] | TG[m] | G[m] | TG[m] | Gml | TG[m] | G[ml | TG[m] | G[m] | TG [m]
12 227 105 28 g 207 105 214 12 252
15 257 135 25 12 287 135 254 15 252
18 207 165 2.4 15 217 165 234 18 172
195 24 18 257 195 214
21 1.97

Hlustration 2.4-3

Once the desired pairs have been selected for each refractor, it is possible to continue using
the Next button which will enable the Analysis tab.

NB: if at least one pair has not been selected for each refractor, the following

32 of 47

error will be shown: lllustration 3.1-1

e e

b Tt Tl

GE-REFRACT

At least one files pair must be selected for each refractor
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2.4.2 Analysis

The Analysis tab is similar to the previous one, albeit with some substantial differences
({llustration 2.4-5). Passing from Selection to Analysis, all the pairs selected for each refractor
are combined together, in order to obtain a single Tv graph and a single Tg graph.

[ REFRACT - GRM o |[= =

Tools

Selection T Analisys W

Refractor Velocity

Iv Time Shit v ShowVelocities
Refractar |1 7 %Y Lebele ¥ MeanTV Show TV-TG o Auto © Manual Marual Vel | 122968 mfs ¥ Optirurn |0 hd Section
-6 v i

E
3
0
3
B

g 20
Meters [m]

20
Meters [m]

Hlustration 2.4-5

The behavior of the combobox for the selection of the refractor and of the display checkboxes
remains the same.

Using the table on the left, it is possible to choose whether to enable or disable the display in
the graph of TV and TG calculated on a specific XY value.

By clicking on the Show TV-TG button, a popup will be displayed showing the TV and TG
graphs in tabular form as already shown for the Selection tab. (Illustration 2.4-6)

Using the Refractor Velocity control, it can be chosen Auto to use the automatically calculated
speed, or Manual, to manually select a speed value using the text box to its right.

If the Manual Velocity option is enabled, it is possible to place a line on the graph that
represents the set speed. By right-clicking on the TV graph and selecting the Move manual
velocity drop-down menu option (//lustration 2.4-6), or by double clicking anywhere on the
TV graph, the modification of the position of the manual speed line will be enabled, which
can be positioned by left clicking on the mouse.
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_____________________________________________________________

______________________________________________________________

' |
e — Move manual velocity

Copy Image

_______

Save Image...

—————————————————————————————————————————————————————————

Hlustration 2.4-6

Using the combobox at the top right, it is possible to select the XY Optimum, that is the XY it
is wanted to use for the stratigraphy calculation. By default the value 0 is selected.

The choice of the XY must be made separately for each refractor.

By clicking on the Section button, the stratigraphy calculated using the GRM method will be
shown in a new window.

2.4.3 GRM Section

The GRM stratigraphy is similar to that of the intercepts. (//lustration 2.4-7)

§E] REFRACT - GRM SECTION IEE

Tools

Complete interface table | [ Show Lapers v Show Arches

Meters [m]

Hlustration 2.4-7

Through the Settings button it is possible to quickly open the program settings, while, through
the Complete interface table button it is possible to view the table with the depth points
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calculated for each refractor. (//lustration 2.4-8)

(T
H Complete interfaces table EI E

Interface 1

Ximl | Zzml

85 1.39
26.84 3.08
23.74 3.21

2065 -3.13
1764 -2B32
1463 -1.88

Hlustration 2.4-8

Show Layers enable / disable the display of the fill and interface line of the layers.

Show Arches enables / disables the display of the arcs of the circles passing through the
calculated points.

Note: Due to the differences between horizontal scale and vertical
scale, the circles have an elliptical shape in the graph, but they are,
theoretically, circles.

By right clicking on the graph, a contextual menu appears (//lustration 2.4-9), from which it is
possible, as for the intercepts, to copy the image, save it as a file, and extract the 1d
stratigraphy in the selected point. As regards the latter option, refer to the explanation in
Chapter 2.3.

Copy image

Save image...

Export 1d Stratigraphy

Illusratin 2.-9
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3 Introduction to data acquisition

In refraction seismics, as well as in other geophysical techniques, it is very important to obtain
high quality data from the field acquisitions to be subjected to the subsequent processing
phase. Although this is not always possible due to the conditions of the site (small spaces,
non-flat topographical surface, anthropogenic noise) or of the subsoil (very inclined contrasts,
localized diffractors, surface aquifer, etc.), it is nevertheless necessary to know how to make
the right choice on the type of sensors, type of source and length and sampling frequency to
be used. For these and other reasons, prior to the actual investigation phase, it is essential to
perform a noise-test useful to define the best parameters, geometries and sensors to be used
for correct acquisition.

3.1 Noise-Test

The noise test, to which reference is made to the reference bibliography for a more complete
discussion of the topic, can be performed with various methodologies. However, the fastest
and most effective system consists in positioning the sensors (at least 12) with a very close
spacing (about 1-2.0 m) and placing the source outside the spreading at a distance of half the
intergeophonic distance (walkaway noise-test procedure ). Once the first set of traces has been
acquired, subsequent seismograms are acquired by moving the source gradually by a distance
equal to the length of the string.
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Hlustration 3.1-1
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The traces thus obtained can then be assembled in sequence to form a single seismogram on
which to perform a rapid analysis of the noise and verify the presence of any problems. This
operation must necessarily be repeated for the various types of sensors (P and SH) and for the
types of sources available (hammer, mallet, seismic rifle, explosive, etc.). Finally, based on
the purpose of the seismic research and the results of the noise-test, it is possible to define the
correct geometry and survey parameters.

Geometry and acquisition parameters

Given that a standard geometry for refraction acquisitions does not exist, and that it is always
advisable to prepare a noise test before each acquisition, it is however possible to follow a few
basic rules to obtain excellent quality data.

Given the limitations in the depth of investigation that refraction has, we refer to the reference
bibliography for further information, the acquisition process requires that the spacing between
the geophones and the number of geophones to be used are well defined, in relation to the
predetermined target in terms of depth to reach. Long stretches lead to investigated depths
equal to 1/3 - 1/4 of the maximum offset used in the acquisition.

The number of shots performed allows for a robust definition of the morphological trend of
the refractors having more information available for the various processing techniques. Also
in this case there is no minimum value of shots for the intercepts, while at least a pair of
reciprocal shots is needed for the GRM.

An indicative process for a correct acquisition is to perform a sufficient number of shots that
can be used for the techniques managed by GE REFRACT, so that there is sufficient coverage
both in terms of reciprocal pairs and in terms of maximum offset. The illustrations show some
examples of acquisitions made.
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-4 1] 4
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Hlustration 3.2-1
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Illlustration 3.2-2
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Hllustration 3.2-3
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According to the acquisition contexts and the geometries used, the recording length must be
evaluated. In fast P wave contexts a shorter duration is required but a higher sampling since
the picking is performed on the sample. In general we recommend a sampling of 5000Hz and
a duration of 0.5s. With Sh waves, given their lower speed, the duration must be increased and
sampling can be decreased. The noise test must always be performed in order to evaluate the
correct configuration of the acquisition parameters.

With a view to mixed acquisition, therefore also performed for MASW and / or MARW, the
recording length must be increased so that the development of the surface wave and possible
reflections can be recorded. Please refer to the GEOEXPLORER MARW and
GEOEXPLORER MASW manual for further details.
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Hlustration 3.2-6

It is possible, through the Walkaway virtualization technique, to double the number of
geophones of the paving by joining two bursts with a common burst and adjacent ones. Refer
to the GE DoReMi manual for more details.
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3.3 Seismic sources

The seismic sources to be used during the test must have adequate energy capacity, in relation
to the maximum offset that is expected to be used in the test. They must also produce elastic
waves with a wide range in frequency and have low noise.

sc:rgrrnli di superficie sorgenti in foro
esplosivo, esplosivo
onde P mazza, cannone ad aria, sparker,
massa cadente, ecc. mariello, ecc.
martello su tavola, martello ad azione orizzontale
onde SH cannone per SH, vibratore

vibratore orizzontale, ecc.

mnazza esplosivo,
oncle SV massa cadente cannone ad aria, sparker,

martello, vibratore, ecc.

Ilustration 3.3-1

3.4 Sensor

As previously indicated, refractive seismic works on the first arrivals of the generated body

waves. The higher the definition of the first arrival can be, the lower the picking uncertainty
will be.

The use of high-frequency sensors involves the elimination of the low-frequency component
which impede a good picking of the first arrivals. We therefore recommend sensors that can
have high frequencies (> 20Hz).

This does not mean that the classic sensor for MASW can be used for a mixed acquisition
where geometries and acquisition parameters are set for a joint processing of the techniques.
The data will then be conditioned to highlight the first arrivals.
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4 Data processing

The refraction seismic technique is based on the interpretation of the first arrivals of volume
waves. It is a technique that therefore requires data of excellent quality where it is possible to
perform the picking in a unique way without having to interpret the first arrival. The software
allows the user to apply some tools in order to improve the signal-to-noise ratio and facilitate
the picking phase.

In addition to this, it is necessary to know the geometry of the entire acquisition, in order to be
able to analyze and interpret the arrival times in order to define the portion of geophones that
was affected by the arrival of direct or refracted waves.

4.1 Geometry assignment

Compiling the geometric information relating to the shots position and receivers is the first
step to be performed in a reflection seismic interpretation.

This information should already be present within the header line of the tracks before the
execution of some important functions such as speed analysis or the removal of elevation
statics.

The program allows to manage this information even in the processing phase allowing the
geometric definition of the array, of the shots and the possibility of exporting the overall
geometry for the definition of the topographic variation (see chap. 2.2.1 Dataset page 14).

It is a good idea, before attempting to process the data, to enter the "properties" section of the
seismogram, within the GEOEXPLORER DoReMi software, and correctly set the geometry
of the seismic spreading if not already entered in the acquisition phase.

4.2 Filters

Frequency filters can be classified as band-pass, band-cut, low-pass (high-cut) and high-pass
(low-cut) depending on whether they discriminate above or below a certain frequency limit. ,
inside or outside a given frequency band.

All types of filters are applied to each individual track and are based on the same principle:
reconstruct a zero-phase wave with an amplitude spectrum that matches one of the four
specified filters. This allows for the construction of three main types of filters: single band
pass, time varying filter and space and time varying filter. In the commonly performed
processing, the single filter applied to all the tracks is used for their entire time length. In
theory, the goal of band-pass filtering is to pass a certain frequency band and suppress the
remainder by defining the limits and the width of the filter that will operate on the spectrum of
the traces, namely:

Alf)= Lf<f<f,
0, elsewhere
where f; and f;, represent the threshold frequencies.
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Hlustration 4.2-1

To smooth the results and prevent unwanted artifacts from forming, the filter needs a ramp-
shaped function for both the low and high frequency parts.

In practice, it is possible to manually enter the values of the four corners of the filter (fi, 3, f3
and f4) or enter the threshold values (f> and f3) and the slope value (filter order) for the ramps.
The lower the order of the filter, the lower the slope of the ramp and the lower the possibility
of disturbing the filtered seismogram.

To avoid having an incorrectly processed seismogram in output, it is always better to stay on
orders of I °, I © (simulates the natural filtering of a geophone) or III ° degree of the ramps,
but it will be the duty of the operator to carry out test tests and choose the best combination
based on the results. As for the bandwidth to be used for filtering, it is always better to first
check the spectrum of the individual traces to view the real frequency range of the signal.

&
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Function applied

535ms [ -4----

Channel1 Pick: 12ms |- 20.0 1482734 7367
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Channel:1 Frequency: 342.7 Module: 7176.4

Hlustration 4.2-2

Once ensured that this is present between frequency X and frequency Y it is completely
useless to go beyond these limits as, outside of them, there is practically no data. Furthermore,
the more the filter threshold values are distant from each other (therefore too close to the
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extreme values X and Y above) the less the effect produced by the filtering will be while, on
the contrary, the more these values are close to each other, the greater the effect will be.
elimination of the signal as only a few frequencies will be able to pass and the signal will be
mono-frequency.

It is possible to see how careful filter selection can improve and facilitate the picking of early

arrivals.
File Tools Report ?
Dataset T Pre Processing T Picking ]
Eilters ‘ 1AGC | LDetrending |
Qriginal T FFT Processed
[ 1 2 3 4 5 & 7 8 9 10 1 12 = |1
b Digital Filters setup —
04k--
05 F-- Zero Phase Filter I
0B --
ns k- Low Pass r
1o fooIIIIIIIIIIIIYNI Hz
Filker Order
X1l EEES RS R S High Pass v 200ms -
Yo} R S A Hz 50
o) T PR R Filter Order 2
A0): EEEES EEEEE EEEES Er
a0
108 400ms |-
200 §---

30.0 §

40.0
50.0 §

Function applied

60.0 § =
Filters 598ms -

800 3
100.0 3

2000 §----

300.0 f----

Channel:1 Pick: 12ms  |-20.0 1452734 741367
3m Om Om 3m

Channel:1 Frequency: 116.6 Module: 1386.7

Illustration 4.2-3
For further information, refer to the manual of the GEOEXPLORER DoReMi.
4.3 1.A.G.C. (Instantaneous Automatic Gain Control)

The intensity of the signal observed on the acquired seismic traces decreases with increasing
time. The reasons for this are different:

1. In expanding from the source point, the signal loses energy; this phenomenon is
known as spherical divergence. The same amount of energy is distributed over an
increasingly larger surface.

2. At the discontinuities the signal is partly reflected and partly transmitted. Depending
on the angle of incidence, part of this energy is converted into S waves, refracted
waves etc.

3. In its path the energy is dispersed (scattering); the subsoil is not homogeneous and
when the seismic waves encounter variations, the wave front is distorted and deflected
in all possible directions.

Typically, a gain function is applied to compensate for this energy loss. This type of correction
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varies according to the context and the seismic data acquired, consequently several
combinations must be tested. Operationally, to apply the automatic gain function (IAGC) a
time window is chosen, which ideally overlaps the initial part of the seismic trace, within
which the algorithm selects all the numerical data present and calculates the root mean square
value. This normalized value is multiplied by the first sample of the seismic trace.

Subsequently, the time window is shifted down by a sample and the same operations are
performed. The result obtained is multiplied by the second sample. This proceeds following
the same pattern until the time window reaches the end of the seismic trace.

REFRACT — O
File Tools Report 7
Dataset | Pre Processing 1 Ficking ]

Filters | 1aGC | Detiending |

Original I FFT Processed

= /1 2z 3 ¢« 5 & 7 8 9 W N 12 =1

|AGC setup

Time window ’—
[ms]: 79

Apply

A00ms - --| A00rms NS o By N L e

Function applied

533ms - -| 18GC ogms -2 P Py L N

Channel:3 Pick: 16ms 7056 BE2653 281326
9m O O 7m

Channel:2 PFick: 4ms Offset: 0.1 1878068 939033
Em Om Om Am

Hllustrazione 4.3-1
For further information, refer to the manual of the GEOEXPLORER MARW.
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4.4 Detrending

This function has the objective of eliminating trends present in the signal. By selecting the

degree of the polynominal, the present trend can be eliminated. Below is an example of the
detrending of an outbreak.
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Function applied
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J1ES169

Chatnel1 Pick: d4ms Offset: 0.2 1684585
3m Om Om

Charnel:1 Pick: 7ms Offset 0.2 1524585
3m Om Om

m

3169163

Tm

Hlustration 4.4-1

This function can therefore improve the signal to noise ratio of the first arrivals to make
interpretation easier.
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4.5 Intercepts

The intercept technique is a very fast processing technique and in certain geological contexts
very reliable. The basic principle of this technique is the assumption that each shot is
considered performed on a homogeneous laterally and parallel plane seismostratigraphy.

This allows to calculate the depths and the location within the spread of the critical refraction
points and to have an evaluation of the refractor speeds.
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4.6 GRM

The Generic Reciprocal Method technique was developed by Palmer in 1986. This technique
allows you to identify and describe the morphological trend of a wavy refractor of any depth

starting from the direct and inverse travel times.

The arrival times of two geophones, located at a variable distance XY, are used for the
analysis of the refractor speed and for the calculations of the time-depth function.

The depth conversion factor does not depend on the slope for angles less than 20 °, so the
depth calculations in the case of a wavy refractor are particularly useful even when the
overlying layers show velocity gradients.

The technique therefore identifies geometric places, rather than actual depth points, and the

surface of the refractor is assimilated to the envelope of such places.
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Hlustration 4.6-1
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If an XY equal to 0 is used, the time-depth function is similar to the positive term of the
“Plus-Minus” method (Hagedoorn, 1959).
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