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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 DOWNHOLE 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 Downhole module was developed with the aim of being able to verify the quality of the
data through the management of the spy geophone, to be able to process acquisitions with
regular and irregular geometries, without limitations, using different processing methods,
returning the seismic-stratigraphic profile with the speeds and the geophysical parameters that
can be calculated.

2 Downhole

To use the module is mandatory to plug the USB license
dongle to the PC and to start the program from the
GEOEXPLORER suite.

Please note: it is recommended to run the
software as administrator. B
Hlustration 2-1

B2 ownoLe =IrerE]

File Tools Report 7
Dataset T Select channels T Correction T Ficking T Data cantral T Intercept T Pzeudo-interval T Equivalent velocity

Depth Shat Filz name Enabled

“ertical Geophane
¥ Spy geophone
Order by depth I

Check |

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 L] GEOEXPLORER DOWNHOLE
ways: File | Tools Report 7

1. New elaboration: Resets the program and makes it New elaboration i
available foe new processing Import files...

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

Work »
Please note: it is possible to load SEG 2 _
files. However the geometry and others it
information must to be applied manually

(See chapter 2.2.1 Dataset page 12). The lllustration 2.1-1
software will automatically convert the data
in .drm.

3. Open CDH: It is possible to load directly the dataset recorded by the Downhole
module of GEOEXPLORER DoReMi. (please see the GEOEXPLORER DoReMi

manual)
4. Open file — P: 1t is possible to load directly the P seismogram for picking

Open file — S: 1t is possible to load directly the S seismogram for picking. It is possible
to load the Overlap seismogram or the invert & sum seismogram.

Please note: for points 4 and 5, if the geometry is missing, the software will
open a pop up for the geometry setting. It is also possible to manually set the
geometry (see chapter 2.2.4 Picking page 21)

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

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

ﬁ GEOEXPLORER DOWNHOLE

Tools Report ?

Mew elaboration channels T Correction T PFicking T [rata control

Import files...
Open CDH...
Open file »

File name

Work 4 Save(02
DH-Savel
002

Savell

Exit

SaveTest_spia

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.
Select folder to use:

I Desktop ]
|= Docurnenti
-‘ Download
&= Imrmagini
J) Musica
J Oggetti 3D
ﬁ Video
w = Disco locale (C3) y
< >
Crea nuova cartella oK Annulla
Hlustration 2.1-3
The Search work window
allows to look for a work in
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: |25£DS£2I32EI j Elab. date: | 25032020 j
E =ecutor; |
Client; |
Location: |
Address: |
Motes: |
||:;'-\ ﬂ Reload unit Search ‘ Abort ‘

Hlustration 2.1-4
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This software generate a temporary copy of the uploaded files on which it works. When you
proceed 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. Recalculate layers: It recalculates the values from the Intercept tab and also highlights
the invalid values in red.

2. Recalculate pseudo and equivalent: 1t recalculates the values from the Pseudo-interval
and Equivalent velocity tab and also highlights the invalid values in red.

3. Settings: A screen opens in which it is possible to set limit values for the evaluation of
velocities and Poisson. The default values are those displayed in Illustration 2.1-6. It is
possible to change these values within certain limits of consistency. For Vp the largest
settable value is 14000m/s, while for Vs 8000 m/s. The minimum is instead 1 m/s,
both for Vp and Vs. For Poisson values, the largest settable value is 0.5, the smallest is

0.
F lll
2] GEOEXPLORER DOWNHOLE £ Settings = Fch ="
File Report ? | Yelocities limits
Vers ichic
Recalculate layers e \p max Vs mas
Recalculate pseudo and equivalent |-| 2000 s |?|:||:||:| s
Settings... N
Faizzan limits
Tlustration 2.1-6 Poizzon max Foizzan min
0.5 016
Ok, Cancel

Hlustration 2.1-5
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The Report menu, allows to set all the work specific information for printing the pdf, as well
as the photos the elaborations

Generate report

r— Info report
— Images
Date: |11HDSH2D22 VI
Uszer: ISARA electronic instruments
Clent: ICIiente
Place: ICantiere n°20
Address: [ia delle vie n°20
Latitude: |43.1 BE Langitude: 1216615 Image path
. shoto_2022-08-11_16-67-40.p
Elevation [m]; IEEU D aturn: WGSES
SPS: |1 0000 Length [s] 0.4
Depth [m]: |29 Shat distance [m]: F'|3 S|3
Mate:
Weather: Sereno
- : Add Delete
Note: Apunti wari
Acquizitor details:
Campary: ISAF’:A electranic instruments
Model: ISSBH-EC Senzor I‘]I] Hz
—Select image to expot- Select all | Disable all |
—Iv waveforms v Intercept Jw Pseudo-nterval ¥ Equivalent velocity
All
v P Al WV F ¥ Poiszon Al [V Poiszon Al
v Inwvert - Sum Fs ™ Stratigraphy v G. density v G. density
[¥ Overlap W Poisson W Youra ||| 7 puk W Buk
[V Picking data W G.density ¥ Shear ¥ “oung ¥ Young
W Bulk v Shear v Shear
V¥ Show report after generation Scrivi report | Esci

Hlustration 2.1-7

The ? menu gives the software information like version and contacts.

ic instruments

|
DOwWMHOLE 2.2.0
S&RA electronic instruments s.r.l.

ia A Mercuri 4
06129 - PERUGIA - [taly

URL: v, zara.pa.it
E-mail: infoi@szara.pa.it
Phone: +39 075 5051014
Fax: +39 075 5006315

Dresign: Mauro Mariotti, Sergio T ardioli, Andrea Bianchini
Programming: Mauro Mariotti, Sergio Tardioli, Stefano Camilletti,
Andrea Bianchini, Aleszandro Cameli
Research: Andrea Prosperi

Hlustration 2.1-8
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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 Channel selection
In this tab is possible to select the horizontal channel for each horizontal shot
3. 2.2.3 Correction
In tab is possible to evaluate the spy geophone correction and apply it
4. 2.2.4 Picking
In this tab is possible to pick the first break
5. 2.2.5 Data control
In this tab is possible to revise the picking and see a resume of it
6. 2.2.6 Intercept
In this tab is possible to use the intercept method
7. 2.2.7 Pseudo-interval
In this tab is possible to use the Pseudo-interval method
8. 2.2.8 Equivalent velocity

In this tab is possible to use the Equivalent method
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2.2.1 Dataset

As explained before, on this tab is possible to load a dataset. Selecting one of the files, it is
possible to see a preview in the box on the right.

{] DOWNHOLE - DOWNHOLEDS_05_2022 16_37_34.dhs o= =]
File Tools Report 7

T Select channels T Carrection T Picking T Drata contral T Intercept T Pseudo-interval T Equivalent velocity
Depth | Shot | File name | Enabled
1 P 2020-08-11_11-07-32_10000_00040_006_feq v2.dim [l Viaihe Bemplime

2020-08-11_11-07-32_10000_00040_006_Acq w2 StckSm.drm ’m
2020-08-11_11-05-02_10000_00040_006_feq v2. dim
2020-08-11_11-08-16_10000_00040_006_Acq v2.dim | S
2020-08-11_11-08-40_10000_00040_008_Acq v2.dim
2020-08-11_11-09-55_10000_00040_006_éeq 2. drm Charnel 6 -

2020-08-11_11-10-22_10000_00040_005_Acq v2.dim
2020-08:11_11-10-47_10000_00040_005_Acq v2.dim
2020-08-11_11-12-32_10000_00040_00F_Acq v2.dim
2020-08-11_11-12-56_10000_00040_005_Aeq v2.dim
2020-0811_11-13-17_10000_00040_00F_Aeq v2.dim
2020-08-11_11-14-16_10000_00040_005_Acq v2.dm
2020-08-11_11-14-37_10000_00040_005_Acq v2.dim
2020-08-11_11-15-01_10000_00040_008_Acq v2.dim
2020-08-11_11-16-31_10000_00040_005_Aeq v2.dm
2020-08-11_11-17-07_10000_00040_00F_Aeq v2.dim
2020-08-11_11-17-48_10000_00040_005_Acq v2.dm
2020-08-11_11-18-54_10000_00040_005_Acq v2.dm
2020-08-11_11-13-43_10000_00040_00F_Acq v2.dim
2020-08-11_11-20-13_10000_00040_005_Aeq v2.dm
2020-08-11_11-21-31_10000_00040_00F_Acq v2.dim
2020-08-11_11-22-01_10000_00040_005_Acq v2.dim
2020-08-11_11-22-36_10000_00040_005_Acq v2.dim
2020-08-11_11-25-58_10000_00040_00F_Acq v2.dim
2020-08-11_11-26-22_10000_00040_005_Acq v2.dim
2020-08-11_11-26-43_10000_00040_00F_Aeq v2.dim
2020-08-11_11-27-38_10000_00040_005_Acq v2.dm
2020-08-11_11-28-00_10000_00040_005_Acq v2.dim

Order by depth

Tr XD T DT DO DO DO DO D0 I 0T 30 30 30100

9 2020-08-11_11-28-23_10000_00040_006_4cq +2.dim
10 2020-08-11_11-29-55_10000_00040_005_Acq v2.dim
10 2020-08-11_11-30-17_10000_00040_00F_Acq v2. dim
10 2020-08-11_11-30-38_10000_00040_005_Acq v2.dim
11 2020-08-11_11-31-30_10000_00040_005_Acq v2.dim
11 2020-08-11_11-31-51_10000_00040_006_4cq v2.dim
11 2020-08-11_11-32-15_10000_00040_005_Acq v2.dim
12 2020-08-11_11-33-26_10000_00040_00F_Acq v2.dim -

Hlustration 2.2-1
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By right-clicking on the desired row it is possible to

nanne 1 11 enable or disable it (Enable/Disable) or delete the row.
Enable / Disable _1
Delete 11
11
Set geometry 11

2020-08-11_11
Hlustration 2.2-2:

With Set geometry is possible to set the

. . Geomet
geometry for the massive SEG import. The SEG —
import will not have geometry information.
Start (m): it is possible to set the start depth. st il 1
Step (m): it is possible to set the step value Step m) 1
between the acquisitions.
Tvpe P (R (L

Shot type: It is possible to set the type of the
shot.

(] | Cancel |

Hlustration 2.2-3:

Please note: the Set geometry allows to set the geometry and shot information
massively. To do this, select the desired files for editing. (Drag and drop with
the mouse or Shift+click). It is recommended to load the data as shot type
dataset and edit them before load the second shot type dataset.

To modify single information just double click on the desired cell. It is possible to change
Depth, Shot, and enable/disable the file using the checkbox.

Please note: double clicking on Shot will change automatically following this
pattern P R, L... Clicking on the Enable cell is possible to switch the
habitation from YES to No and vice-versa

It is possible to browse the table using the arrow keys, and modify the values with the space
bar.
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On this tab is possible to, in order from top to bottom, to select the P channel, enable the Spy
geophone option, select the channel of the spy geophone.

The selected P channel will be used to process P waves

Enabling the Spy geophone option, the channel selected as spy geophone or the geophone on
the surface for the quality check of the data will be removed from the display.

The channels selected as P and as spy geophone will be deleted from the channel selection in
the Channel selection tab.

Vertical Geophone Yertical Geaphone

|Ehannel 1 ﬂ |Ehanne| 1 ﬂ
™ Spy geophone VS aEahans
| Ehannel E J | Channel 6 ﬂ
Order by depth | Order by depth |
? : ;‘

{1

i 1

i

: ]

Hllustration 2.2-4 Hllustration 2.2-5

Please note: it is not allowed to select the same channel both for P and the spy
geophone. In that case, an error message will be shown ad it will not be
possible to continue with processing.

Once completed the dataset configuration, click on Order by depth. The dataset will be
rearranged according to depths and the Check button will be enabled. 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. If there are no enabled seismograms, or if data have not been acquired at a
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specific depth, the software will skip the depth.

Please note: if there is only one measure between the right and the left for the
S measures, the program will allow the choice between the following
possibilities:

Automatically generate a synthetic seismogram resulting from the inversion of
the present data; Modify the dataset to skip the quota, disabling the present
one, Enable the disabled file; Upload the missing file.

Error in CDH file X

'0' Is missing the right acquisition at depth:

For missing horizontal shot, is possible to cerate a synthetic inverted
waveform from the opposite shot. If both acquisition are missing the
software will skip this depth

Add § shots | Cancel

Hlustration 2.2-6
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2.2.2 Channel selection

On this tab is possible to select the desired left and right shot and to create the best overlap
and invert & sum that are possible to see on the preview. This selection can be done manually,
or automatically.

B DOWNHOLE - DOWNHOLEDS_05_2022 16_37_34.dhs (===
File Tools Report ?

Dataset Select ch 1. T Cormection T Picking T Data control T Intercept T Pseudo-interval T E quirsalent welocity

Automatic select all | Avtomatic select curent | Write P and 5 |

Left shot Right shot Inwert sum Owerap
= 1 2 3 4

40z | #0ms 40ms

B0z -l 80ms 80ms

120ms <3 120ms - - --| 120ms

160ms 160ms L=

200ms --- 200 200rns

240ms 240ms 240

280ms 280ms 280ms

320ms 320ms 320ms

360ms 360ms 360ms

Chann| Pick: | Dffset | Range| Peak| 2ms 0.3 1EG7I B28
Om Orn Sim | 3m

Hlustration 2.2-7

The buttons over the seismograms:
e Automatic select all
e Automatic select current

allow respectively to automatically select the left and right channels for all depths or for the
current depth.

Please note: the software perform the automatic selection analyzing the
amplitude of the channel. This selection does not mean is the best solution;, we
recommend to check manually every depth.

The button Write P and S create the P and S files that, if the Spy geophone option has been
selected, will be loaded in the Correction tab, otherwise they will be used to create the final
seismograms that will be opened on the Picking tab.

The seismogram windows have the same viewing functions of the GEOEXPLORER
DoReMi, so we refer to the GEOEXPLORER DoReMi manual for further explanation.
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Right click on both left and right seismograms to
open the context menu where is possible to
manual select the desired channel with Select the
horizontal channel.

3 N 1 1 T I P - S

Time zoom from start to here
Group
Amplitude zoom +

Amplitude zoom -

Select the orizzontal channel

[ | I || 1
Hlustration 2.2-8

On the left is possible to see the selection progress:
* Blue: highlight the selected file
* (reen: the selection has not changed from the default
*  White: the seismograms has not visualized

e Light blue: it has been done the automatic or manual selection of
the right shot

* Purple: it has been done the automatic or manual selection of the
left shot

e Red: it has been done the automatic or manual selection of both
shots

Please note: the default selection is done by the Downhole
module in the GEOEXPLORER DoReMi for a .cdh file.
For a dataset from a third part seismograph the
GEOEXPLORER DOWNHOLE select the last channel.

Hlustration
2.2-9
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2.2.3 Correction

In this view it is possible to correct the seismograms of the P, left S and right S waves, shown
in the right graph, by means of the respective seismograms of the spies, shown in the graph on
the left.

Verify button allows to check which channels needs to be corrected according to the selected
configuration. Those channels will be highlighted in yellow.

Process button, applies the correction to the seismograms according to the chosen method,
generates the final corrected files and loads them in the Picking tab.

2] GEQEXPLORER DOWNHOLE o |[= ][R
File Tools Report 7
Dratazet T Select channels T Correction T Ficking T [Data contral T Intercept T Pseudo-interval T Equivalent velociy
Comection method Select wavefom
- " Mane P
Werity | Process ‘ (* Selected charinel " Left Tolerance
" Fixed value 0 ms i~ Right 05 ms

1011121314151617 18192021 22 23 24 25 26 27 28 29 TE |1 234567 8 91011121314151617181920 21 222324 25 26 27 26 29

R %Jg%%*z

doms -1 dede AR s 3 S o | aons PR

i

o

£

Al

-

-3 A

80ms LA K 5 F I VSRS TS 4S8 565d goms - - f-b- -t 1B -3

o)
Y

l: Tz
¢ 13

160ms - 160ms -

200mz F4-4-4-A-f- L E L 200ms

240ms F1-5=- 1=t - 1 K- o B R it s ok T G B e A, S B B - - C | R
280ms =A==t - iy A o B T ot Sk e o Y - R ) R S S B - R
320ms Pttt e e e e [ 3E0ms Pyt -j-- B Rl I IRk Gl S SET S Rl S RE B B ok R S B
360ms -1t bt e R 3E0me Pt e e R R
Mharnal 17 Biel 1%me Mffeat N7 143296 Pasl- FHME12 Ficl Mo Mffeat 11 1RNRAR Pasl- AN704

Llustration 2.2-10

To perform the correction it is necessary to pick on each of the left seismograms.

It is possible, inside the Select seismogram, to select what seismogram to visualize for the
picking. The seismogram window has the same function of the GEOEXPLORER DoReMi
seismogram window.

In order to carry out the picking just hold SHIFT key and 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.
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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.

There are 3 correction methods (

1. None: No correction needed. Process button will be enabled. It allows to proceed to
Picking without any correction. In that case it is not needed to pick the seismograms of

the spies.

2. Selected Channel: The correction is made on the basis of the picking carried out on
the reference channel (by default the first). A different reference channel can be

selected for each of the seismograms.

3. Fixed Value: The correction is made on the basis of a user defined value. In the
checkbox on the side a different value can be selected for each of the seismogram. If
the value has not been set for a seismogram, it will be automatically set as the average
of the picking values of all the channels of the same.

The correction tolerance is set with the Tolerance field. -
This is the minimum value for which the channel picking * Time zoom from start to here
must deviate from the reference value to make a Group

correction necessary.

The context menu that is shown by right-clicking on the

Armnplitude zoom +

Amplitude zoom -

seismogram, has some additional functions in addition to Pick

display functions.

The Pick function allows to perform the picking on the
channel. The Select as Reference function allows the

Select az Reference

Copy as image

Save as image

FOTTF Y v R F T f T ¥ 7 F T F FF

user to select the desired channel as the reference [llustration 2.2-11
channel for the correction mode: Selected Channel.

These functions work separately on each channel.

|F [1 9 2 4 FE e 7 0 0101491294 1E15 ]

— ¥ | Trace maximun CTRL+E 1
Global maximum CTRL+D |
Amplitudes zoom + CTRL+R Lq:
Amplitude zoom - CTRL+F " ‘.

v | Clip mode <
4

¥ Wigglewith positive fill

—r

Wiggle with negative fill
11 ¥ All channels CTRL+A

Mirror

ST L 0 0 A B 0 0
Hlustration 2.2-12

Other functions are in the generic seismogram
menu. These functions allows the user to better
manage the processing.

In addition to display functions there is the
mirror tool, which, allows the user to mirror an
acquisition. It is useful when the acquisition
has been recorded down-top.
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Please note: the program treats each acquisition as top-down, then assuming
that the first channel is the most superficial acquisition.

Once the correction tab is set, and the picking has been completed, using the Verify button the
dataset will be analyzed in search of the channels that need to be corrected. These channels
will be highlighted in yellow. At this point it is possible to repeat the operation until the
desired result is obtained or press the Process button, which it will apply corrections to the
dataset and will enable the Picking tab.

The program checks the difference in ms of each picking of the spy geophone with respect to
the selected method and translates the corresponding channels in the P and Sh seismograms
by a value equal to the ms of difference between the picking value of the indicator and the
value used as a reference (dependent from the selected methodology) if it exceeds the selected
tolerance.
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2.2.4 Picking

In this tab is possible to perform the first break picking on the various seismograms. These
seismograms can be opened directly (see chapter 2.1 Menu bar pag 7) or generated by the
process explained on the previous chapters.

P pickings are represented in red, S pickings are represented in blue. Furthermore, if enabled
the option Show Pickings — Both P And S, on the seismogram of the P the pricking of the S is
shown and vice versa, so as to be able to visually compare the two pickings.

The table on the right shows the speed values on which the picking has been carried out for
each channel. You can manually change these values by double clicking on the desired cell.

2] DOWNHOLE - DOWNHOLE28 07 2021 17 30 35.dhs = =R
File Tools Report ?
Dataget T Select channels T Carrection T Picking T Diata control T Intercept T Pseudo-interval T E quirsalent velocity
Show Pickings Select waveform
{" * P

7 lrwert sum

Process
" Overlap
3 10 11 12 13 14 15 16 17 18 19 20 2 22 23 24 25 26 27 28 29 - P
[ms]

o=
> 3 -
g

160ms |-p---4----}---{----|---

200w -

240ms -

280ms -

320mms |-

360ms -

Channel: Pick: Offget: Range: Peak:

Ilustration 2.2-13

Please note: is not mandatory to load the invert & sum and the overlap for the
S shot seismogram.
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It is possible, inside the Select seismogram, to select what seismogram to visualize for the
picking. The seismogram window has the same function of the GEOEXPLORER DoReMi
seismogram window. To be able to perform the picking just follow the same instruction given
for the Correction tab.

Please note: the picking performed on the
seismograms S (Invert Sum and Overlap) is
simultaneous. This means is possible to
perform the picking only on one of them.

)

e - L N e e

Time zoom from start to here

i

Group
Amplitude zoom +

Amplitude zoom -

Pick
Adjust channel depth

Whit the right click on the seismogram is possible to open
the menu where there are new features with the
visualization options. Copy as image

Save as image

—-———vr--w-vrvmrww'-'umhrrr|

The Pick function allows the user to perform the picking. It
is also possible to set the depth of the channel in case of Jjystration 2.2-14
irregular acquisition, by Adjust channel depth.

These functions work separately on each channel.
On the generic seismogram menu are present other geometrical setting function:

1. Set geometry

2. Mirror
= |1 2 4 4 n B i
|« Trace maximun CTRL+E ]
Global maximum CTRL+D K
: Amplitudes zoom + CTRL+R
q
Amplitude zoom - CTRL+F M .
) E | Geometry
: v Clip mode
1
v Wiggle with positive fill ! — Modify depth
Wiggle with negative fill 1 Start fm) 1 Steplm]
11
v | All channels CTRL+A4 B e
P zhot Scoppio 5
Set genmetr}r | 3 Diztance [m) 3 Diztance [m]
1t Mirror
T T 13 T T T T 13 J Ok, | Cancel
Hlustration 2.2-15

T I I I T 3 T >

Hlustration 2.2-16

Set geometry allows to quickly manage the geometry of the acquisition by being able to
change the position of the shots separately and the depth progression, as well as the height of
the most superficial measurement.

The Mirror function allows to flip the acquisition. This function is useful in the case the
dataset is recorded as down-top.
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Please note: the GEOEXPLORER DOWNHOLE assumes the acquisition is
performed as top-down.

Once the picking is done, the button Process allows to elaborate the acquisition on the other
Tabs.

Please note: the software check if the picking has been done. If it find more
then 3 consecutive channel with the same picking it will ask to do the picking
assuming has not been done. Is the geometry is not set the geometry window
will open.

Please note: if the geometry of the shots and / or the position of the channels
on the vertical is absent, the program automatically opens the Set geometry
window indicating which information to insert.
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2.2.5 Data control

On this Tab is possible to see the resume of the acquisition and picking. On the table are
shown the picking and the relative geometrical correction.

{a] GEQEXPLORER DOWNHOLE EI@
File Tools Report 7
Drataset T Select channels T Conection T Picking T T Intercept T Pseudo-interval T Equivalent velacity
Shot P (m): 3 * Show al
" Show P
Shat 5 [m): 3 " Show S

Depth

P
[ms] | (mz] | [ms]
1 o1 212 0313 | BT
105 | 237 BE2 1315

[ms]

2

3 113 | 262 | 7593 | 1853
4 124 | 301 | 992 | 24.08
5 129 | 319 1192 2738
B 149 | 336 | 1333 | 30.05
7 16 356 | 1471 | 3272
g 171 | 368 | 16.01 | 3448
i} 17.9 | 382 16498 3719
10 187 | 405 | 17.91 | 3879
1 187 | #16 | 19.01 | 4013
12 201 | 427 195 41.43
13 205 | 439 | 19358 | 4278
14 208 | 447 | 2044 | 4371
15 21.4 46 2093 4511
16 2.8 | 474 | 21143 4659
17 22 48.4 | 21.67 | 4766
12 223 | 435 22 | 4e.83
13 227 | 511 | 2242 | G047
20 229 | 5.8 | 2265 | 51.23
21 233 | 523 | 2307 | 5177
22 235 | 529 2328 524
23 239 | 549 | 237 | 5444
24 245 | BB.E | 2431 | BEIE
25 249 | 577 2472 5729
26 253 | 593 | 2513 5891
27 256 | B0.G | 26.44 | 6043
28 259 | B1.8 | 2575 | 6145
29 262 | B2E | 26.06 | 6227

Hlustration 2.2-17

On the table is possible to edit the single picking
value; by double click on the desired cell and is P : Ps Co
possible to edit the picking value and with the enter | DERtR ] (oo o | g
button on the keyboard is possible to apply this

. . . . 1 mi | M2 313 E7
modlﬁcat}on for the new geometrical correction 5 105 237 | 587 13115
computation. 3 113 22 799 1853
With the right click you can open the menu where is 4 124 3071 992 2408
possible to: 5 138 39 1192 273

. . E 149 336 1333 3005

* Disable cell: disable the selected cell = 1€ W/E 147 T2
* Enable cell: enable the selected cell 8 171 368 1601 3446
3 173 0 332 | 16498 37149

e Enable all cells: enable all the cells 10 187 [ 205 (1791 [ 3879

» Export table: Export the selected table to .csv 11197 416 1901 4013
12 0 200 | 427 136 4143
lllustration 2.2-18
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E’ﬁ] GEOEXPLORER DOWNHOLE o || B 2R
File Tools Report 7
Datazet T Select channels T Correction T Ficking T Data control T Intercept T Peeudao-interval T E quirealent velocity
Shot P [m]: 3 & Shaw al
" Show P
Shot S [m): 3 " Show S

5
[ms]
m1 212 319 BV
105 | 237 582 1315
149 | 262 1054 1853
124 | 301 952 2408

1
2
3
4
5 B o e s
3
7
a

Pz
[mz]

S3

Diepth )

P
[ms]

149 | 336 | 1333 | 3005

16 EE

368 1601 3446

10 40.5
7 | 416 .
12 | 201 | 427 | 195 | 41.43
13 | 205 | 439 1998 4278
14 | 209 | 447 2044 4371
15 | 214 | 46 2098 4511
16 B 47+ Bl «5a
17 | 22 | 434 | 2167 | 4766
18 | 223 | 495 | 22 | 4883
19 | 227 | Bl 2242 | 6047
20 | 229 | 518 2265 51.23
21 | 233 | 523 2307 | 5177
22 | 235 | 529 [2328 | G241
23 | 239 | 549 | 237 | 5444
24 | 245 | 566 24.31 | 5616
25 | 249 | 5R7 | 2472 | 57.29
26 | 253 | 593 2513 5891
27 | 256 | B0.8 | 2544 | B0.43
61.8
62.6

Hlustration 2.2-19

The dataset is automatically updated based on the enabled cells hE L aEa o4 e
. Disabl
Please note: the disabled cells are not used for the wenE
. Enable all
computation on the other tabs.
Export table...
. . . . .. . . C . Save Image..
In each of the visualization windows it is possible by right-clicking Conv ]
opy Image

the mouse, to copy the image to the clipboard or save it to file. s —
Hllustration 2.2-20

Copy image

Save image...

Hlustration 2.2-21
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2.2.6 Intercept

In this tab is possible to do the intercept interpretation. The software will plot the enabled
geometrical corrected pick on the Data Control tab, allowing to draw the segment for P
arrival and S arrival interdependently.

{‘3] DOWMNHOLE - DOWMNHOLEOS_05_2022 16 _37_34.dhs
File Tools Report 7

= (e )

D ataset T Select channels T Correction T Picking T D ata contral T Intercept T Pseuda-interval T Equivalent velocity
Set intercept Delete intercept
& Show al
Cshowp | P| SI|| _P| _s| |I Reunddesih Teleiance s
® S afset | zm o W[ 15= 42395 mis
Depth Wp Depth Wy First arrival el
| ) |l | s oo
31 37 3 154
7 576 56 245 | R T T REE T e TR B e
1.2 118 4.1 441
181 15974 187 TaE
2149 3483 218 1288
24 2352 2549 B37
29 511

Depth Vp W
[m] [mézg] | [mss]

0-3 373 154

3-31 373 246

31+5E8 576 248
56=+7 576 441
7=491 1118 441

81+11.2 1118 786

11.2+18.1 1974 786
181187 | 3483 T8E
187+218 | 3489 | 1288
21.8+21.9 | 3483 B37
21.9+-259 | 2352 E37
259+29 2352 911

Hlustration 2.2-22

With the options Set intercept it is possible to pick the relative P arrival segment or S arrival
segment.

Once selected the wave, the software will move the mouse on the axis origin and from there
will be possible to see the preview of the segment. To set the segment it is need only the left
click on the desired position. From this second point the software will plot the preview of the
second segment.

On every moment with the right click of the mouse it is possible to stop the picking process
and selecting again the option is possible to start from the last point picked.

To end the picking is mandatory to pick a point below the last represented depth.

Placing the mouse over one knee of the intercept, it will be highlighted. Shift + Click on one
knee of the intercept to reposition the knee in another point of the graph.
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Right clicking on a vertex of the intercept line will show a context
menu with the following options (Illustration 2.2-23)

-------------------------------------

* Move: It allows the user to reposition the vertex on the
graph by clicking on another point on the graph ~  E==

""" Move

Delete

* Delete: Removes the selected point ~ HE

Continue Intercept

* Continue Intercept: It allows the picking of intercepts to T Sl" ati 0 IR 3 '
be resumed from the last point positioned '

Right clicking along the intercept line will show a context menu
with the following options (Illustration 2.2-24)

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

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

: g Continue Intercept
breaking the segment that was clicked.

Delete Intercept

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

Hlustration 2.2-24

*  Continue Intercept: It allows picking to be resumed from
the last point entered

* Delete Intercept. Deletes the selected intercept

By enabling the Round depth option, at the time of the picking the depth value is rounded to
the nearest unit.

The software will fill the top left table with the depth and velocity information of every
picked segment for the P and S waves. Picking P and S the software will populate the bottom
left table with the layer interval computed with the combination of P and s stratigraphy.

With the options Delete intercepts it will be possible to delete the desired profile.

Please note: is not possible to pick a value above the previous in time and
depth. For example if you pick 8, 1ms is no possible to pick 7ms and if you pick
a 7m is no possible to pick a 6m.
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Ee] DOWNHOLE - DOWNHOLEQ5_05_2022 16_37_34.dhs o |[E ] 2R
File Tools Report ?
Datazet T Select channelz T Carrection T Picking T Data control T Intercept T Pzeudo-interval T E quivalent velocity
¥ Enable S.lratigrauhy ? g:z: ;" =] =1 ] 5] |& Tolerarce | 0 m [Passon =]
™ Exclude invalid values " ShowsS - > Vsag ’—1 _ R s

Depth
[m]

Depth
[m]

3

7
11.2
181
219
23

1

[m]

3-21
31-+56

BE+7

741
91+11.2
11.
18
18
2.
2.
25.9+29

2+181
1+187
F+218
4+219
9+269
2352

Hlustration 2.2-25

Using the text boxes Offset and Vs eq. It is possible to set the software for the calculation of
the equivalent Vs. In the offset field it is possible to indicate from what depth to start the
calculation, while in the Vs eq field the depth at which to calculate the Vs eq is defined in
meters. The result of the calculation is shown on the right in m/s.

With the option Enable layer the software will show the stratigraphy and relative modules 1

(see

The

formulas in the chapter 5.4):
Poisson
Density (RHO)
Gamma
Young
Shear

option Exclude invalid value allows to do not plot out of range Poisson values.

(IMustration 2.2-26) The default values are 0,16 the minimum limit, and 0,5 the maximum.
These values can be changed in the Tools — Settings menu. (see Chapter 2.1)
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{2] DOWNHOLE - DOWNHOLED5_05_202216_37_34.dhs [ &=
File Tools Report 7
Datazet T Select channels T Correction T Picking T [rata contral T Intercept T Pzeudo-interval T E quivalent velocity
' Show al r Tolerance I—DZ m ,m
" Show P J J J J
[ Exclude invalid values " Show S

Offset Zm Wz eq 15 = 428.44 mds

Depth

Wp [epth W
[m] [ms]

1000 40

Depth Yp W .
] tmds] | mds] Paiszan

0401

2352

Ilustration 2.2-26

The Tolerance parameter allows the user to define a tolerance value for the layers, if a
tolerance value greater than 0 is assigned, all the layers with thickness less than the tolerance

value are ignored as they are not significant. The maximum tolerance value that can be set is
Im.
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2.2.7 Pseudo-interval

This tab elaborate the dataset as it has been recorded with 2 sensor in the well (true interval).
The software will compute the time difference between two consecutive measurement to
evaluate the interval velocity.

Please note: if the acquisition has been done with a Im spacing, and for some
reason is missing a depth, or it has been disabled in the Data control tab, the
software will compute the interval velocity analysis with the closer
measurement, in this case the step will be 2m.

EE] DOWNHOLE - DOWNHOLEDS_05_2022 16_37_34.dhs El@
File Tools Report 7
Dataset T Select channels T Correction Picking T Data control T Intercept Equivalent velocity

& Show all

" Show P
[ Exclude invalid values " Show S

Wp Wz
[mds] | [mds]
385 | 156 | 0401
455 | 185 n4
526 | 173 | 0435
500 303 0.21
714 370
714 | 388
7E3 | BAE
1000 | 370
9+10 1111 | B25
10+11 403 | 7ES
1112 2000 | VB9
1213 2000 | V14 | 0427
13+:14 2800 | 1111 | 0377
14+15 1667 | 714 | 0387
15+16 2500 | BT | 0462

1617 3333 909 0.46
3333 03 s

[EERE] 2500 | 6E8
19+ 20 5000 | 1429
0= 2000 | 1BE7
7 +:22 5000 | 1667
22+23 2500 | 500
23+ 24 1667 | 556 | 0437
24+ 25 2500 | 909 | 0424
25+ 26 2500 | B25 | 0467
26+ 27 3333 | BEF | 0479
2500 | 1000
2333 1111

Paiszon

Ilustration 2.2-27

As for the intercepts it is possible to calculate the Vs eq on the basis of the layers and the
velocities calculated using the Pseudo-Interval method. The calculation takes place using the
same methods and with the same Offset and Vs egq values, which are synchronized between
the two views.

With the Exclude invalid values option the software will eliminate from the graphical
representation the values that, according to the verification of the calculations, return outliers.
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9+10 1111 625
=1 909 | FES
11+12 2000 | VB3
12+13 2000 | 714 | 0427
13+14 2800 0 1111 | 0377
14 +15 1667 | 714 | 0387
15+16 2800 | BE7 | 0462
1617 3333 909 0.46
17 <18 3333 | 909 0.46
18+139 2500 | 5B8
19+20 5000 | 1429
20+ 2000 | 1667
2122 5000 | 1667
22+23 2500 | 500 | 0.479
2324 1667 | 586 | 0437
24+28 2600 | 903 | 0424
25+ 26 2600 | 625 | 0467
26+ 27 3333 | BE7 | 0479
27+=28 2500 | 1000 | 0405

3333 1111

£ DOWNHOLE - DOWNHOLEDS 05 2022 16 37 34.dhs o [ =] &
File Tools Report 7
Datazet T Select channels T Carrection T Picking T D ata control T Intercept T Pszeudo-interval Equiralent velocity
& Shaw all m
v Exclude invalid val {shonty
v ®elude invalid values
" Show 3 Offset | 2m Wil 43352 mis
Depth Vp W3 .
il més] | [ms] Poizson
1:2 3|5 156 04
2:3 455 | 185 0.4
3:-4 526 | 173 | 0435
4:-5 500 | 303 0.21
5:F 714 | 3F0 | 0316
E=7 714 | 388 0296
7-8 FE3 | BAE
-9 1000 | 370

Hlustration 2.2-28

On the table is possible to see the result of the velocity analysis (Vp and Vs) and relative

selected module. From the drop-down menu is possible to select the module.

With the right click of the mouse on the table is possible to enable/disable cells, row and

column and copy the data as text or image.

Please note: the software will execute some data control:
1. Checks if there are negative velocities

2. Checks if the Vs is bigger or equal to Vp

3.

Checks if there are Poisson values out of range. The default values are
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0,16 the minimum limit, and 0,5 the maximum. These values can be
changed in the Tools — Settings menu.(see chapter 2.1).

If one of the three check is wrong, the software will disable automatically the
cells with wrong values. Is possible to visualize or not these values on the
various representation enabling or disabling the option Exclude invalid values.
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2.2.8 Equivalent velocity

This tab works as the Pseudo-interval tab, computing the velocities and the modules between
the first acquisition and the various depths.

Even in this tab the data control are done, as on the previous tab.

B DOWNHOLE - DOWNHOLEDS_05_2022 16_37_34.dhs = || = ][ER
File Tools Report
Dataset T Select channels T Correction T Picking T Data contral T Intercept T Pseudo-interval T Equivalent velocity
" Show al m
" Show P
[T Exclude invalid values " Show S
Dt vp ¥ Poizzon
[rn] [mfs] | [mds] 0.407 0.424
1+2 386 166 | 0401
1+3 909 | 370 0.4
1+4 7iz | 273 0419
1+5 56 | 280 | 0.389
1+6 BE7 | 294 | 0379
1+7 E74 | 306 037
1+8 EBE | 327 | 0.353
1+9 714 332 | 0362

1-+10 a4 360 0.358
-1 758 3 0.343
1+12 803 389 0.247
1-+13 845 404 0.352
1-+14 230 425 0.353
1+15 921 437 0.354
1+16 a62 448 0.362
1+17 1006 462 0.366
1-+18 1049 476 0.37
1+19 1084 481 0.377
1-+20 1131 493 0.373
1+21 1156 517 0.375
1-22 1200 B34 0.376
1-+23 1229 B33 0.384
1+24 1243 534 0.387
1+25 1270 543 0.388
1-+26 1295 G4B 0.392
1=+27 1327 550 0.398
1+28 1350 | 6553 0.357
129 1379 GRS 0.357

Hlustration 2.2-29
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3 Introduction to data acquisition

The in hole microseismic investigation is the main technique for the direct determination of
the elasto-mechanical properties of the subsoil; the prospecting is carried out in a specifically
equipped hole and allows to determine the propagation speed of the compression or
longitudinal P waves, and the shear or transverse S waves. This is done by measuring the
travel time of a wave train from the position of a specific source to the sensor (or sensors)
prepared and made integral with the ground or in the hole.

Three alternative methods are available for in hole seismic measurements:

a) Surface energization and in hole reception, and vice versa.

shot VSensor

sensor |: shot |:

Hlustration 3-1 Hlustration 3-2

b) Energization and reception in the same equipped hole.

shot

sensor

Hlustration 3-3
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c) Energizing in a hole and receiving in one or more adjacent holes.

sensor shot

IHlustration 3-4

The most used microseismic techniques include the following detection techniques:

a) Down-Hole (DH): the energization station is located on the surface and the sensor
body are located at a specific depth in the hole.

b) Up-Hole (UH): the energization station is located in the hole and the sensors are
placed on the surface, generally at a different distance from the equipped vertical.

c) Cross-Hole (CH): the energizations are produced in the hole, on a specific vertical
while the sensors are arranged on a different equipped vertical, at a specific distance
from the first.

The Down-Hole and Up-Hole investigation techniques are the best known and most
widespread, while the Cross-Hole technique is less used, as it presents higher costs for setting
up the test station.

The Down-Hole and Up-Hole techniques allow to determine the elastic behavior of soils
along the direction normal to the ground (P and SH waves), while the Cross-Hole technique
characterizes the behavior of the subsoil with regard to the propagation of the seismic input on
the conjugate direction.

This quickstart explains the correct acquisition method for the Down-Hole technique and the
processing method.
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4 Data Acquisition

The investigation technique is based on the determination of the time it takes the wave train to
travel the known distance from the energization point to each of the receiver positions.

To determine the time taken by the wave train it is necessary to have:

a) accurate precision in determining the energization instant (trigger) and a control of
possible “delays” at the trigger (spy geophone), for the identification of the
energization instant.

b) high resolution of the signal, through a high signal / noise ratio, which allows the
recognition of the instant of first arrival of the wave train at the sensor.

c) adequate sampling frequency, which allows the instant of first arrival of the wave
train to be determined with the greatest possible accuracy.

d) length of the recording signal that allows you to sample the wave train at least for a
duration that appreciates an attenuation of the amplitude of the recorded signal of at
least 1/3 of that on first arrival.

4.1 Techniques of preparing the test vertical: characteristics and controls

The vertical test consists of a geognostic survey conducted with continuous or destruction
coring, with a diameter between 100mm and 140mm, completed with PVC or ABS DN80
piping, suitably cemented to be made integral with the surrounding ground.

The pipeline can also be stabilized by filling with fine sand, in particular geological
conditions; exceptionally and only in particular lithostratigraphic conditions it is possible to
proceed in non-equipped holes.

The survey can also be carried out in piezometric verticals or holes equipped for inclinometric
measurements, also completed with aluminum, fiberglass or plastic pipes, where it is possible
to make the recording / energization apparatus adhere and make integral (with pistons or
homologous systems) in the hole with the pipe.

It is considered particularly useful to know the stratigraphic succession involved up to the
expected depth of survey.

Before carrying out the survey, it is necessary to wait for the withdrawal of the cement
mortar: a waiting period of about 20 days must be foreseen, where mortars with specific
aging accelerating additives have not been used.

Checking the practicability of the hole and the integrity of the completion pipeline is the
preliminary phase to the prospecting procedure.

The maximum depth in which detection by Down-Hole or Up-Hole techniques is reliable does
not exceed 50-60m.

If you do not have certain data on how to complete the equipped forum, it is mandatory to
carry out an investigation with a "witness" (it is a good idea to proceed with this procedure
even if you have this data), which does not involve the possible loss instrumental in case it is
not recoverable the control tool.
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4.2 Preparation of the detection station

The test plant is set up around the equipped hole, placing the following components in
appropriate positions

a)

b)

Illstratzon 4.2—]

The seismograph and the PC must be positioned in such a way as to be able to: view
the recordings, note peculiarities of the signal, assess the need to proceed with
multiple energizations, perform stacking operations (summation) or whatever is
necessary to obtain signals of adequate readability.

The energization station, for the P and SH waves, must be placed contiguously at a
distance between m 2 and m 5 from the vertical of the hole (in order to minimize the
refractive effects of the seismic ray and avoid channeling effects of the wave train
along the vertical hole). It is necessary to appropriately ballast the sleeper to be used
for energizing in shear waves and verify the feasibility of operating a reverse
polarization of the waves (as shown in the red box).

Spy geophone to be used to check for any delays introduced in the recording from
the moment of energization, due to incorrect operations (as shown in the yellow
circle).

Red box P and SH sources, violet arrow head hole, yellow circle spy geophone.
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The site must be set up in such a way as to be able to carry out and supervise each
measurement operation, to verify the height of the sensor in the hole, to verify the
energization procedures and for a quality check in the field.

The construction site must provide for protection to the instrumentation and operators, in the
expected climatic conditions, and the foreclosure of the detection area to the uncontrolled
transit of people and vehicles, for the entire duration of the survey.

The use of a pulley arranged in axis with the hole allows you to avoid breakages and damage
to the data cable and the safety cable of the system due to the edge of the hole at the wellhead.
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4.3 Seismic sources

The seismic sources to be used during the test must have adequate energy capacity, in relation
to the maximum depth 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.

sorgenti di superficie sorgenti in foro
c-splmiru_ esplosivo
onde PP mazza, cannone ad aria, sparker,
massa cadente, ecc. martello, ecc.
martello su tavola, martello ad azione orizzontale
onde SH cannone per SH, vibratore

vibratore orizzontale, ecc.

mazza esplosivo,
onde SV massa cadente cannone ad aria, sparker,

martello, vibratore, ecc.

Hlustration 4.3-1

The energization station must be equipped with a strike plate for energizing in P waves, and a
sleeper, suitably ballasted, for energizing in SH waves.

Each strike station must be equipped with a "trigger" for recording the moment of
energization; any operational errors that lead to incorrect assessments on the moment of
energization must be corrected by evaluating the signal with the spy geophone, appropriately
prepared for this purpose.

The energization station for P and transverse waves must be placed at a distance usually
between 2m and Sm from the measurement vertical.

The sleeper for energizing for shear waves must be suitably ballasted to ensure adherence to
the ground during energization, for efficient transmission of the signal to the ground.

The sleeper is placed on the ground previously leveled with an orthogonal direction to the
source-hole joining; the stress produced is carried out at both ends with the same axis
orientation.

The energization at the two ends of the sleeper is necessary to allow the polarization in
opposition of the shear waves and facilitate their recognition during data processing.

The sleeper must not have metal fittings, bolts or anchors that may produce unwanted "noise"
at the time of energization.

The position of the energization points must be maintained and must not be changed
throughout the test run.
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4.4 Sensor

The forum registration system consists of:

a) Vertical and horizontal velocimeter (s) or accelerometer (s) with 3 or 5 channels.
they are made integral to a specific height along the measurement vertical or
arranged in a chain, at a predetermined mutual distance, in the previously chosen
recording depth.

lllustration 4.4-1:
The receivers must be made integral with the walls of the hole, except for measurements in
holes filled with water, where suspension receivers can be used.

The characteristics of the sensors must be adequate for the sensitivity and resolving capacity
of the signal to be interpreted; ordinary instrumentation provides for the use of velometric
sensors with a frequency of its own between 8 and 14 Hz with a flat response for frequencies
above 10 Hz.

If only one recording group is used, there is 1 vertical sensor and 2 or more horizontal
sensors, arranged on a horizontal plane at variable angles of 90 ° (2 sensors), 60 ° (3 sensors)
or 45 ° (4 sensors).

An additional receiver must be set up in the measurement area to check for any "delays" on
the moment of energization recorded by the dedicated trigger.

This receiver generally consists of a vertical velocity sensor, kept at a predetermined distance
by the energization system, which allows you to introduce any corrections on the wave arrival
times to the different receivers, during subsequent measurements; for this sensor there is no
need for particular technical specifications.
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4.5 Campaign data acquisition and setup

The acquisition unit is connected to the recording system, to the control sensor and to the
trigger connected to the energization system.

It must be set up with a sampling frequency, a recording duration and, possibly, with gains
appropriate to the survey, in relation to the seismic source used in the prospecting, the nature
of the subsoil soils, the "environmental noise" and the maximum depth that occurs. plans to
reach into prospecting.

The sampling required is greater than 5000 Hz; we indicate the use of an SPS of 8000-10000
Hz and with a recording length of 250-350 ms, for investigations on verticals of about 30
meters depth equipped in loose soils of medium tenacity / consistency.

Campaign registrations do not involve the use of pre-filtering, stacking, summation or other
functions on the first acquisition data. The operations of analysis and pre-processing of the
field recordings must foresee the conservation of the original acquisition data.

The field data must be prepared in such a way as to allow the identification, for each
recording, of the type of receiver, of the height of the housing in the equipped hole, of the
energization methods at the source and of the distance of the seismic source from the
detection vertical, as well as that of the acquisition specifications in terms of frequency,
duration and gain of the signal, also by means of an explanatory report associated with the
data.
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4.6 Execution procedure of detection — Down-Hole acquisition technique

Micro-seismic detection with Down-Hole techniques of the elastic characteristics of the soils
in the subsoil, through the use of a specifically equipped hole, involves the following steps:

a) positioning of the recording system consisting of the oriented sensors, at a
predefined depth

b) locking of the sensors at the defined depth, through hydraulic, pneumatic or
mechanical systems

c) energization of compression or longitudinal waves and recording of the resulting
signal to the sensors housed in the hole and to the surface control sensor, for the
predefined time from the instant indicated by the trigger

The distance between the energization station and the vertical measurement, indicated as
the offset value, is usually between m 2 and m 5. This is the appropriate value to minimize
the refractive effects of the seismic ray in the subsoil and exclude channeling effects of the
wave train along the vertical of the hole.

Energization in the context of each measurement, must be carried out in the same location
for all subsequent acquisitions on the vertical, in order to exclude that areal variations of
the elastic characteristics in the immediate subsoil do not allow a correct interpretation of
the data

d) energization of shear or transverse waves, for the normal and conjugate impulse.
Recording of the resulting signal to the sensors housed in the hole and to the surface
control sensor, for the predefined time starting from the instant indicated by the
trigger.

Normal and conjugate energization, by applying the stress at the two ends of the sleeper in
the direction of axis orientation, produces polarized waves with opposing phase that
allows easier recognition, during the data processing phase.

e) unlocking of the sensors and repositioning at a different depth

The procedure is therefore repeated with the same operational phases along the survey
vertical.

The distance between the measurements corresponds to the repositioning interval of the
receiver (or the spacing between the geophones of a system of multiple receivers in the hole);
the interval is chosen according to the accuracy and efficiency required for speed
measurements and is generally between 0.5 m and 5 m (in general the measurements are
carried out every m 1).

The survey can be conducted by proceeding towards the maximum depth of investigation
(from top to bottom) or from the maximum depth to the top of the equipped hole (from
bottom to top).
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5 Processing

Processing can be carried out with different methodological approaches. In
GEOEXPLORER DH module it has been made possible to use the graphic method of the
intercepts and the interval method in the resulting Pseudo-interval and Equivalent.

In the first instance, the data is loaded, the geometric settings are checked for correctness and
the horizontal channels are selected. After that, the spy geophone is checked and, if necessary,
corrections are applied to the channels that have triggering problems, which can be caused by
badly positioned blows, local variations at the strike point (compaction, displacement of the
plate from the trigger, etc.).

B DOWNHOLE - DOWNHOLEDS_05_2022 16_37_34.dhs [= = ]=]
File Tools Report ?

D atazet Select ch I T Correction T Picking T Data control T Intencept T Pseudo-interval T Equivalent velocity

Avtomatic select all | Avtomatic select cunent | Write P and 5 |

Left zhat Right zhat Irweert sum QOwerlap

40ms | 40z

40

Bmz -l 80ms Blmz

120ms 120ms ---

--| 120ms

1E0ms: L= 1E0ms:

200ms |--- 200mz 200mz

240 240ms 240ms

280mz 280mz 280mz

320 320ms 320ms

3B0mz 360mz 360mz

Chann| Pick: | Difset | Rangt | Peak) 3 2mz | 03 16971 828
Orn Orn Sl | 3m

1lustration 5-1

It is necessary to pick up the first arrivals on the seismograms of the spy geophone, thanks to
which the software will check the triggering of the various channels. Once the correction
method has been chosen and applied, the picking files will be generated.
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Example of trigger error and correction applied through the use of the spy geophone, which
allows you to evaluate how much to correct the burst x with respect to a reference value
chosen by the operator:

E2] GEOEXPLORER DOWNHOLE (o= ]=]
File Tools Report ?
Dataset | Seloctchannek | Comection | Ficking | Dawconial | Intercept | Pscudoinierval | Equivalent velocily
Correction method Select waveform
" None P
Werify Process * Selected channel " Left Tolerance
) Fizedlvalus 0 ms " Right 05 ms

—3 “I 234567 8 93101112131415161718182021 222324252627 2829 || = |‘| 2345678 3101112131415161 26272823

%<I <h<-J|<r<=.< ST

>
[ <
P EARREARERRARRARRARRRREERRRAELE L

40ms

80ms ;
L B e e O Do Y (N EE L Y T % TN O SRR ) R O O o | BT - 4 - 4 -4-
160ms ‘ J B S { -} - ({ --F-3--f-F | | 150ms - } -4
200ms F--3- Lo e e f b L [ 200ms
240ms -t e e | [P
280ms [1---1--F- 11 -1 - b=y 1 b b Ao pe g -9 - R f -3 -oF | [ 280ms
320ms F{---1- k-1 -1 -1 b bAoA b R R - | [ 320ms
agoms -t i { . ly -1 | | 380ms (
Tharnai 17 Bl 17me Miffeat 112 17298 Pl B21R17 Tharnaka Bl s . [RATIETT]
X lllustration 5-3
Hllustration 5-2
2] DOWNHOLE - DOWNHOLE28_07_2021 17_30_35.dhs (=N =R
File Tools Report ?
Dataset T Select channels T Caorrection T Picking T Data control T Intercept T Pseudo-interal T Equivalent velocity
Shaow Pickings Select wavefarm
" Selected P
Process & Both P and 5 " Invert sum
" Owerlap
= 3 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 2F 28 29 ch P 5
||HI|||| OREE
1 101 212
0 3 ?}?7 2 W5 | 237
I ol ™ S iy s S Sl T T . s o S SRl e ey Al SRR S SRR SR R i 3 13 2
e 4 | 124 | 307
? $' 5 139 | 319
Bl = E TE = 3= - 6 | 143 336
E 7 16 | 356
2 3 = 8 171 368
120ms F-f--=-=mopeoe]o e LR =T -ccggq|| 8 17s | 382
3 10 187 | 405
= " 197 | 416
=LY S SEEE EECE] EERE CEEE el d s=ipasdione seeg-|| 12 2o | 427
13 205 | 439
< 14 | 209 447
200ms |- 2 teoollooadboadboos 15 | 214 | 46
16 218 | 474
17 22 484
240ms |- o copbosdbeas ceo-|| 18 223 488
3 19 | 227 | 511
20 229 | 51.8
280ms k- [ T S . O 21| 233 523
22 235 | 529
23 2349 | 5419
azame Lo R kg 24 | 245  EEE
28 249 | 577
26 253 | 593
27 256 | 608
3Hlims 28 | 259 B8
29 | 262  EZE
Channel Pick. Offset: Range: Peak:

Hlustration 5-4
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The program automatically calculates the geometric correction for each single burst by
applying the law:

Z 2 2
Tecorr==XT dover=vz +x
r

shot
—F ]
Z: r
sensor
Hllustration 5-5
] GEOEXPLORER DOWNHOLE == ==
File Tools Report ?

Dataset | Gelectchamnels | Comection | Picking | Daiaconiol | Intercept | Pseudwinterval | Equivalent velncity

Shot P [m]: 3 @ Show 4l

" ShowP

Shot § (m): 3 " Shows

Hlustration 5-6
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5.1 Intercept
The graphical method

consists in selecting the t (sec)
segment that includes the Source — 0 0.02 0.04
points that line up  —g— - )
indicatin a  constant ]
g , t. : corrected
speed of propagation. By travel time Va4
analyzing the inverse of ~ Vs
the angular coefficient of : " AD,
this segment, it is possible t:travel time Tsi.2
D
to evaluate the speeds of & | |—_toor-oouu oo
the layer.
Y R : Ray-path
A\
A1
Receiver AL,
FIG. 2—Illustration of the Direct Method.
lllustration 5.1-1
£ DOWNHOLE - DOWNHOLEOS5_05_202216_37_34.dhs =nEeR =T
File Tools Report 7
[rataset . T Select channels T Correction T PFicking T [rata control T Intercept T Pseudo-interval T Equivalent velocity

& Show al Set intercept Delete intercept

™ ShowP ﬂ ﬂ ﬂ ﬂ [~ Round depth Talerance o m

® SEmg Offset Im o Vi 5= 42995 s

373
373
31+568 576 245

BE+7 576 441

7+81 1118 441
81+112 1118 Tak
11.2+181 1974 TaE
181+187 | 3489 TaE
187+218 | 3483 1283
218+219 | 3489 Ea7
219+269 | 2352
259+23 2352

IHlustration 5.1-2
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5.2 Pseudo-interval | S SoarcE
—
The interval technique is based on the T STE K
fact that the ac uicslition is performed il |
) q P \ Ray paths
with the use of two sensors, placed at a L V, z
constant distance in the hole. the two \ i Li1,
sensors move along the hole with a D N L v
constant displacement distance. o iz Liz; =k Z;
: : D;
The pseudo-interval technique allows "' ,«: e /j
to analyze the data acquired with a (171
single sensor, as if they had been _'Llyl—?/‘;.u V., l 7
acquired as described above. Upper > Lig-1)1 = * i1
Obviously this leads to an error which Receiver Las V, Z.
is mitigated by the use of the spy vy i & =
geophone.
The software calculates the interval Pt
. . #
speed following this law: Lower
_ zZ-7 . Receiver VN_1I Zn
B Tcorr ,—Icorr,_;
Vi
lllustration 5.2-1
E?.] DOWNHOLE - DOWNHOLEO5_05_202216_37_34.dhs = =1 2
File Tools Report ?
Dataset r -tT Select channels T Correction T PFicking T Data control T Intercept T Pseudo-interval Equivalent velocity
& Show ol [Foizson =]
L 7 Show P
W Exclude invalid values " ShowS ot [ 2m Vg - ERER o
Dﬁ_ﬁ]th [n\:fs] [:’fs] Paoissan
1+2 385 186 | 0.4
2+3 455 185 04
34 526 179 | 0435
45 500 felik] 0.21
5+6 74 37 0.316
E+7 714 385 | 0.296
7-8 7683 556
8+9 1000 | 370

910 1111 | 625
10=+11 503 763

11+12 2000 | V63
12+13 2000 714
13+14 2500 0 1111 | 0377
14+15 1667 | 714 | 0387
15+ 16 2500 | BRT | 0462
1617 3333 809 0.46

3333 0 909 0.46

1819 2500 | 588

19+ 20 5000 | 1429

20=+21 2000 | 1BE7

21+22 5000 | 1667

22+323 2500 | 500

23+24 1667 | 556 | 0437

24+ 25 2500 0 909 | 0424

25+ 26 2600 625 | 0467

26+27 3333 BE7 | 0479
2500 1000 | 0.405

3333 11

Hlustration 5.2-2
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5.3 Equivalent velocity

This processing method uses
the same assumptions described
in the previous technique,
keeping the surface sensor at a
fixed height, in this case the
most superficial depth.

The software calculates the
equivalent speed following this
law:

I—|'||

Source

Ray paths

Vi Z4

VZL Zz

/ Liti-ﬂ!

z N-1

U pper |~ Vi4
_ Z n Z 1 R "
Tcorr,—Tcorr, i Z
n ' I I
¥
i
4
Lower 1
Receiver !
Vi1 1
Vi
Hllustration 5.3-1
£ DOWNHOLE - DOWNHOLEDS_05_2022 16_37_34.dhs = |[=|[=
File Tools Report ?
Datazet T Select channels T Cormrection T Picking T Diata contral T Intercept T Pseudo-interval T Equivalent velocity
& Show all m
" Show P
[ Exclude invalid values ¢ Shows
Depth Vo Ws
m] mdsl | [mésg | P
1+2 65 188 | D40
1+3 Q03 370 04
1+4 T2 273 | 0413
1+6 E5E 280 03823
1+6 EET 294 0.3/
1+7 E74 | 306 037
1+8 B85 327 | 0353
1+9 714 332 0.362
1+10 744 350 0.358
-1 TEE 370 0242
1+12 a03 | 383 | 0347
1+13 845 404 | 0.352
1+14 8290 425 0.353
1+156 921 437 0.354
1+16 952 M8 | 0362
1+17 1006 462 | 0.366
1+18 1043 476 0.37
1+19 1084 481 0377
1+20 113 493 0.3/
=21 1186 517 | 0.378
1+22 1200 53 | 0376
1+23 1229 633 0.324
1+24 1243 634 0.387
1+25 1270 543 | 0.388
1+26 1285 546 | 0292
1+27 1327 550 0.396
1+28 1350 553 0.397
1+28 1373 BEl 0.297

Ilustration 5.3-2
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5.4 Formulas

The formulas used in the software are as follows:
Calculation of correct times:

¢ Correct Times

VA 2 2
Tecorr==XT dover=vz"+x
r

e Poisson

(VPIVS)—-2)
2((vPIVS)—1)

Valid if: | |[VP/VS|#1 and Poisson > 0.16 and Poisson < 0.5

* Density (7/m"3)
0.51(VP*"?)

«  Bulk (MPa)

(Density(VPz—(%)VSZ))

1000

*  Young (MPa)

((VSZ)*Density*(BVPZ—4VSZ)
(VP*—VS?)

)/1000

* Shear (MPa)

(Density(VS?))
1000

48 of 49  SARA electronic instruments s.r.] — Italy — www.sara.pg.it — info@sara.pg.it



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

GEOEXPLORER DOWNHOLE —2.2.1 — USER MANUAL

5.5 Bibliography

*  M.Corrao, G.Coco — Geofisica applicata - http://flaccovio.geoexpo.it/DF8784.pdf

* https://wiki.seg.org/images/c/c5/Ch02_tab2-2a.png

49 of 49  SARA electronic instruments s.r.] — Italy — www.sara.pg.it — info@sara.pg.it



http://flaccovio.geoexpo.it/DF8784.pdf
http://www.sara.pg.it/

	1 Introduction
	2 Downhole
	2.1 Menu bar
	2.2 Tabs
	2.2.1 Dataset
	2.2.2 Channel selection
	2.2.3 Correction
	2.2.4 Picking
	2.2.5 Data control
	2.2.6 Intercept
	2.2.7 Pseudo-interval
	2.2.8 Equivalent velocity


	3 Introduction to data acquisition
	4 Data Acquisition
	4.2 Preparation of the detection station
	4.3 Seismic sources
	4.4 Sensor
	4.5 Campaign data acquisition and setup
	4.6 Execution procedure of detection – Down-Hole acquisition technique

	5 Processing
	5.1 Intercept
	5.2 Pseudo-interval
	5.3 Equivalent velocity
	5.4 Formulas
	5.5 Bibliography


