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Import SEG-2 / WET inversion of S-Wave VSP SH27 TEST in Rayfract® 5.03 June 2026 :

Ry Rayfract® Standard 5.02 : profile C\RAY32\SH27_Test\SEIS32 - [Shum'nt station no. -1

File Header Processing Display Trace Smoothinvert WET Tomo Grid Model Refractor Depth Velocity DeltatV Window Help

Time (ms)

Ry Shotpoint station no. -1.00 [eo |-z [mESa) | 81 Shot breaks : shot no. 2 (original input file : SY_CH3_SPREAD3.5G2) [e @] =]
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Station  -11.00 Trace 40 Shot 2 Channel 20 Time 61.985 Sample 1003 Amplitude 1497 Zoom 0 Use left/right/up/down arrow keys to move cursor. Space bar picks trace. ALT+Z deletes pick.

Fig. 1 : Left : Trace/Shot point gather, right : T?efractor/Shot breaks. Shows fit between picked times (solid curve, red
crosses) and modeled times (dashed blue curve, blue dots). For zoomed up first break picks see Fig. 19.

To create the profile database, gather the SEG-2 channels and import and view the aggregated .SG2 shots :
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17.

18.
19.

FilelNew Profile..., set File name to sH27_tEST and click Save

in the prompt shown next (Fig. 4) click No button .

in Headerl|Profile... set Line type to Borehole spread/line . Set Station spacing to 1.0m. See Fig. 2.
unzip archive https://rayfract.com/tutorials/SH27 TEST.zip With SEG-2 .sG2 receiver channel
files & files COORDS.COR & SHOTPTS.SHO & BREAKS.LST in profile directory c:\RAY32\SH27_TEST
download installer https://rayfract.com/tools/SEG2HoleMerge .exe and run on your PC where you
are running our Rayfract® version 5.01 or 5.02 or 5.03

open SEG2 HoleMerge 5.02 program via desktop icon. See Fig. 5 .

click on file icon besides uppermost field Select one SEG-2 file in INPUT directory

navigate into c: \RAY32\SH27_TEST\SH27_DX. At right bottom of dialog select ABEM files (*.SG2)
click on one file e.g. -1sx.sG2 (receiver channels for elevation -1.0) and click Open button

in frame Determine geophone channel number to be merged click radio button S-wave horizontal
channel 2/x. See Fig. 5.

in frame Determine distance unit : meters or feet click radio button Meters

in frame Determine aggregated receiver geometry for vertical borehole set Deepest receiver depth
below topo [m] to 30. Set next field Receiver spacing [m] to 1. See Fig. 5.

in frame Determine source position : horizontal and vertical offset from top of hole set Source x
offset from top-of-hole [m] to 3. Leave Source depth below top-of-hole [m] at 0.0.

click button Setup output directory to set frame Select output directory to
C:\RAY32\SH27_TEST\INPUT2.

click button Aggregate SEG-2 files. Confirm prompts (Fig. 6). Click Close button.

the aggregated SEG-2 receiver spread file sx ch2 spread2.sG2 is written into folder
C:\RAY32\SH27_TEST\INPUT2.

repeat steps 6. to 16 for c:\Ray32\sH27_TEST\sH27_Dy. See Fig. 9. In step 8. navigate into
C:\RAY32\SH27_TEST\SH27_DY . In step 9. select -1sy.sG2. In step 10. click radio button S-wave
horizontal channel 3/y. See Fig. 9. In step 16. the aggregated SEG-2 file sy_ch3_spread3.sG2 is
written into folder c: \RAY32\SH27_TEST\INPUT2.

click on title bar of our opened Rayfract® 5.02/5.03

select import option FilelSEG-2 import settings and commands|Receiver coordinates specified
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20. select Filellmport Data... . Set Import data type to sec-2. See Fig. 3.
21. click Select button and navigate into C: \RAY32\SH27_TEST\INPUT2
22. set Files of type to ABEM files (*.sG2) and select file sx_ch2_spread2.sG2 & click Open
23. set Take shot record number from to Job number
24. leave Default spread type at 10: 360 channels. Click radio button Overwrite all.
25. click Import shots button and confirm prompt
26. in Fig. 7 if necessary click Skip to skip other .sg2 files until the updated dialog title says Import
C:\RAY32\SH27_ TEST\INPUT2\sx_ ch2_Spread2.SG2.. . Set Shot Number to 1 and click Read button.
27. with updated title Import C:\RAY32\SH27_ TEST\INPUT2\sy_ ch3_Spread3.SG2.. set Shot Number to 2
and click Read button again. Click Skip or End button to skip all other aggregated . sG2 files.
28. select FilelUpdate header datalUpdate First Breaks. Select file BREAKS . LsT & click Open.
29. select TracelShot gather. Use F7/F8 to browse to shot no. 1. Select ProcessinglReverse Shot polarity
for the displayed shot no. 1 to enable shear-wave picking in TracelShot point gather.
30. select TracelShot point gather and Refractor|Shot breaks and Window!Tile to obtain Fig. 1
31. click on title bar of Refractor|Shot breaks window (Fig. 1 right). Press ALT+P. Edit Maximum time to
200 ms. Press ENTER key to redisplay. Do the same for TracelShot point gather window (Fig. 1 left).
32. click on title bar of TracelShot point gather window and press CTRL+F1 to zoom trace amplitude
33. press CTRL+F3 to toggle trace wiggle display mode. Uncheck DisplaylColor trace outline.
34. press SHIFT+Q and edit band pass filter as in Fig. 8 . Click Filter button.
35. select ProcessinglPick all shots, in shot point gather. Select DisplaylShow picks on time axis.
Edit Profile
Import shots
s Time of Acquisition
Date Import data type [sEG2 ~|
Line type
Job 1D Time Input directory - select one data file. All data files will be imported
Select
Instrument ’— Time of Processing
Client ’— Date Take shotrecord numberfrom  Job number ﬂ
Company ’— Ee Optionally select HDR batch file and check Batch import
et ’— Units meters bt HDR batch |
Note - Soull| As acquied :lv Write HDR batch file listing shots in input directory
- Const Output HOR | [
Station spacing [m] 1.00000 [ Lefthanded coordinates [~ Write HDR only [” Import shots and write HDR
Min. horizontal separation [%] . 25 (e mmrio i St I et tnpet
Profile start offset [m] 0.0000 i »
(® Overwrite all  (~ Prompt ovenwriting [ Limit offset
[ Force grid cell size Cell size [m] 05000 Maximum offsetimported [station nos.] 1000.00
Force first receiver station number for profile Default spread type
l First receiver [station number] 0 [ Force firstreceiver ’7 |1ﬂ; 360 channels j
Extrapolate starting models and WET tomograms Target Sample Format |16—bilﬁxed point j
Extrapolate [station spacings] o | Extrapolate tomograms
[ Turn around spread during import [~ Reverted spread layout
Adaborchaie ine ol WET i noorphy C t picks for delay time (use e.g. for .PIK files)
Borehole 1 line Select ‘ [ Corectp Y e
Borshole 2 line Select ‘ I Default sample interval [msec] 0.100000000 | Force sample interval
Borehole 3 line Select ‘ Default sample count 20000 | Force sample count
Borehole 4 line Bl ‘ Import shots Cancel import ‘ Resetimport | I
X == [ Fig. 2 : Header/Profile
- Fig. 3 : Filef/Import Data
4| Force first receiver at station number 1 7 (—
‘0‘ &iynu;v v\;a[l;(f Itlz ;urce the first receiver at station number 1 for
Click "Yes’ button to confirm.
Click ‘No' button if the first receiver is at station number 0.
If you confirm with ‘Yes' then we will force the first receiver Fig. 4 : click No button.
station to 1 in Header|Profile dialog.
For compatibility with older profiles and tutorials and old . . . . ‘ s . .
COORDS.COR files whichassume fst profile rceiver at staion For vertical borehole/spread line profiles click ‘No’ button. The first receiver
rogaomen station will be set to station number of deepest receiver (elevation divided by
Dot impon aptont 1 FrlimportData i 10 geneat the Station spacing) during import.
HDR file. Next edit the .HDR file using Notepad editor with
corected station numbers for Layout start and Shot pos. for all
shots. Next use the edited .HDR batch file for import of all shots.
For vertical borehole spread/line profiles click ‘No' button. The
first receiver station will be set to station number of deepest
receiver (elevation divided by Station spacing) during import.
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@ Merge SEG2 3 or 5-companent borehole geophones =REl X SEG2_HoleMerge Ié

Save settings to .ini file Restore settings from .ini file

Select one SEG-2 file in INPUT directory. All matching files are merged. Successfully run batch file

C\RAY32\SH27 Test\SH27_DX\SEG2_EDIT.BAT. Aggregated
channels into SEG-2 file

CARAY32\SH27 _Test\INPUT2\sx_ch2_Spread2.5G2 !

CARAY32\SH27 Test\SH27_DX\-1sx.592

Select output directory where merged SEG-2 receiver spread files are written

CARAY32\SH27_Test\INPUT2 @

Determine geophone channel number to be merged into receiver spread file
P-wave vertical channel 1
(@)S-wave horizontal channel 2/x L

©)5-Wave horizontal channel 3/y Fig. 6 : prompt shown after click on Aggregate SEG-
e e 2 files button. Click OK to dismiss prompt.

S-Wave horizontal channel 5

Distance unit: meters or feet  Receiver filenames with depth or elevation ~
@) Meters (©) Receiver depth below borehale top Frequency filter : band-pass or band-reject

() Feet (@) Receiver elevation. Borehole top at 0.

Extract 2nd receiver channels for doublefjoined borehole geophone [v Filter farc isplay:

(©) Do extract 3 channels for 2nd receiver into separate SEG-2 channel file i o Eia

(@) Don't extract channels for 2nd receiver / disregard these channels [+ Band-pass filter. Uncheck for band-reject

Determine receiver separation for double/joined borehole geophone

[ Bidirectional filter. Better preserve signal.

Double geophone receiver separation [m] i
- [ Chebyshev filter. Uncheck for single-pole.
Determine aggregated receiver geometry for vertical borehole

Deepest receiver depth below topo [m] 30 || Apply ntimes [n] 1

Receiver spacing [m] i
Low corner frequency [Hz] 50.00
Determine source position : and vertical offset from top of hole
Source x offset from top-of-hole [m] 3 || High comer frequency [Hz] 100.00
U] Source depth below top-of-hole [m] 0
Percentripple [%] 0.0
l Aggregate SEG-2 files ] lSelup output directcry] l Close ]
MNumber of poles [n] 2
Fig. 5 : click SEG2 HoleMerge 5.02 icon. Edit as Filter Cancel | Reset |
shown. Click buttons Setup output directory and
Aggregate SEG-2 files. .
Fig. 8 (above ) : Band-pass filter dialog shown with
Import CARAY32\SH27 TESTINPUT2\SX CH2 SPREADZ.SG2.. SHIFT+Q. Edit as shown and click Filter button.
R 7 Fig. 7 (left) : Edit the Shot numberto 1 and 2 and click

Read button to import the two aggregated .SG2
Energy Source Point @ Merge SEG2 3 or 5-component borehole geophones Sl X

Save settings to .ini file Restore settings from .ini file
Shot Number | Read |

Select one SEG-2 file in INPUT directory. All matching files are merged.

Layout start [station no.] -30 Skip C\RAY32\SH27_Test\SH27_DY\-1sy.sg2

Select output directory where merged SEG-2 receiver spread files are written

Shot pos. [station no -1 End
pesl ] = C\RAY32\SH27_Test\NPUT2
Source x [m] 3.0000 Determine geophone channel number to be merged into receiver spread file

() P-wave vertical channel 1

Source z [m] 0.0000 *) S-Wave horizontal channel 5
Distance unit: meters or feet Receiver filenames with depth or elevation

Delay time [msec] 0.000000000 ) Meters *) Receiver depth below borehole top

) Feet (@) Receiver elevation. Borehole top at 0.
Sample interval [msec 300000
B [ ] 0.061 Extract 2nd receiver channels for double/joined borehole geophone
| (7) Do extract 2 channels for 2nd receiver into separate SEG-2 channel file
Sample count 6468 (@ Don't extract channels for 2nd receiver / disregard these channels
Determine receiver separation for double/joined borehole geophone
Spread type | 10: 360 channels
il Double geophone receiver separation [m] 1
Active fraces (from start) 30 Determine aggregated receiver geometry for vertical borehole
Deepest receiver depth below topo [m] 30
- Receiver spacing [m] 1

Determine source position : horizental and vertical offset from top of hole

Source x offset from top-of-hole [m] 3
Source depth below top-of-hole [m] 0
[ Aggregate SEG-2 files I l Setup output directory ] [ Close ]

Fig. 9 : click SEG2 HoleMerge 5.02 icon. Edit as
shown. Click buttons Setup output directory and
Aggregate SEG-2 files.
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Configure and obtain constant-velocity starting model and run interactive WET inversion (Schuster 1993,
Rohdewald 2025) :

edit Grid|Surfer plot Limits as in Fig. 10

check Grid\Vertical plot title. Check GridlGS CENTERED FONT to fix Surfer 11 plot display.
select Smooth inverttWET with constant-velocity initial model

wait for the constant-velocity starting model to show as in Fig. 13 (left)

in prompt to continue with WET inversion click No button

uncheck all blanking options in WET Tomo|WET tomography Settings|Blank menu

select ModellWDVS Smoothing. Click radio button restore WET smoothing (Fig. 11). Click OK.
check option WET TomolWET tomography Settings|Scale wavepath width

check option WET TomolWET tomography Settings|Scale WET filter height

select WET TomolInteractive WET. Edit main dialog as in Fig. 12 left.

set Number of WET tomography iterations to 500

click Select button. Navigate into folder c:\Ray32\SH27_Test\HOLETOMO. Select CONSTVEL.GRD
starting model grid.

set Max. velocity to 3,000 m/s

e click button Edit velocity smoothing. Edit as in Fig. 12 right. Click button Accept parameters.

e click button Start tomography processing and confirm prompts to obtain Fig. 13 (center and right)

Edit Surfer plot limits Edit WDVS (Zelt & Chen 2016) ?
L |
Plot Limit Edit parameters for wavelength-dependent velocity smoothing
oL LImits
j ’— Use dats limits [ use WDVS for forward modeling of ravelimesi
: Cancel |# fast WDVS : less accurate mapping of scan line nodes to grid nodes
Min. offset 0.000 [m]
[ add nodes ance only with overlapping scan lines for velocity averaging
Max offset 3.000 [m] Reset
| add all velocity nodes within WDVS area with radius of one wavelength
i i - Resetto grid
Line HmErn SO0 [m] # [~ pad WDVS area border with one grid cell
Max. elevation 0.000 [m] Redisplay grid
WDVS frequency 300.00 [Hz]
MIH.V9|OCIty 100 [m,’sec] Angle increment between scan lines 7 [Degree]
Max. velocity 700 [mfsec] Regard nth node along scan line 3 [node]
Plot Scale Parameters for Cosine-Squared weighting function (Chen and Zelt 2012)
[v Proportional XY Scaling a: Cosine argument power 1.000 [power]
| Page unit centimeter. Uncheck for inch. b Cosine-Squared power ’7366 [powei]
X Scale length 6.000 [inch]
Modify WET smoothing mode : discard after forward modeling
Y Scale Iengrh 4.000 [inch] (" discard WET smoothing and WDVS smoothing after modeling
@ restore WET smoothing and discard WDVS smoothing only
Color Scale
[ Adaptcolor scale OK Cancel | Reset |
Scale height 4000 [inch]
Velocity interval 500 [mfsec] Fig. 11 : Model|WDVS Smoothing dialog. Click option
restore WET smoothing discard WDVS
Coverage interval 5 [paths/pixel] smoothing onIy. Click OK.

Receiver labeling

First station -30 [stationno ]
Station interval 3 [station no]

[ Use station index or station no. offset

Fig. 10 : Grid/Surfer plot Limits dialog. Check box
Limits active and Proportional XY scaling. Edit as
shown. Set Max. velocity to 700 m/s. Click OK
button.
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SH27 RMS error 16.8%=18.32ms Constant-Velocity initial model v. 5.02
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-

Edit WET Wavepath Eikonal Traveltime Tomography Parameters

Edit WET Tomography Velocity Smoothing Parameters

Specify initial velocity model

—Determination of smoothing filter dimensions

Select ]

— Stop WET inversion after-

Edit velocity smoothing

CARAY32\SH27_Test\HOLETOMO\CONSTVEL.GRD

MNumber of WET tomography iterations [—‘“5{}_6 iterations

[ or RMS error gets below ,—‘2‘6 percent

[~ orRMS error does notimprove forn= ’_20 iterations

[~ orWET inversion runs longer than [—1_0_6 minutes
—WET regularization settings =
Wavepath frequency : 5000 Hz Iterate
Ricker differentiation [-1:Gaussian-2:Cosine] : 1—-] times

Wavepath width [percent of one period] : m percent lterate
Wavepath envelope width [% of periad] : 17{}{] percent

Min. velocity : J—IO‘ Max velocity : 1—3000 m/sec.

Width of Gaussian for one period [SD]: ,—3:6 sigma

Gradient search method
® SteepestDescent

" Conjugate Gradient

— Conjugate Gradient Parameters

CG iterations 10 Line Search iters ]—2‘
Tolerance 0.001 Line Searchtol. 0.0010
Initial step 0.10 [~ SteepestDesc

‘ Edit grid file generation ‘

Starttomography processing J

Reset Cancel J

(" Full smoothing after each tomography iteration
" Minimal smoothing after each tomography iteration

@ Manual specification of smoothing filter, see below

Smoothing filter dimensions

Half smoothing filter width : columns

50
Half smoothing filter height : 1 grid rows

Suppress artefacts below steep topography -
[ Adapt shape offilter. Uncheck for better resolution

Maximum relative velocity update after each teration
2500 percent

Smooth after each nth iteration only

1 iterations

Maximum velocity update

Smooth nth teration: n=

—Smoothing filter weighting
@ Uniform [~ No smoothing

10 [3D]
10 [1.100]

-3mooth velocity update before updating tomogram-
[v Smoothupdate [ Smoothnth [ Smooth last

(" Gaussian
Used width of Gaussian

Uniform central row weight

Damping of tomogram with previous iteration tomogram

Damping [0..1] 0000 [ Dampbefore

Accept parameters | Reset parameters

IL:ig. 12 : WET Tomo|interactive WET main dialog (left). Edit as shown. Click Select button. Navigate into foldér

C:\Ray32\SH27_Test\HOLETOMO. Select CONSTVEL.GRD starting model grid. Click Edit velocity smoothing and
edit as shown (right). Click buttons Accept parameters and Start tomography processing to obtain Fig. 13.
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0.64ms 500 WET itr. 50Hz Width 11.0% initial CONSTVEL.GRD v. 5.02

SH27 RMS error 0.6%:
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Fig. 13 : constant-velocity initial model (left). Steepest-
Descent WET inversion (Schuster 1993) after 500
iterations (center) with restore WET smoothing
checked in Model[WDVS Smoothing (Fig. 11).

We left the WET wavepath frequency at 50Hz and left
the WET wavepath width at 11 percent (Fig. 12 left).
We increased the Number of WET iterations to 500
from default 20 iterations. We limited the Max. WET
velocity to 3,000 m/s.

We use a default Gaussian wavelet for WET velocity
update weighting across the wavepath (Ricker
differentiation -1 in Fig. 12 left) and manual WET
smoothing (Fig. 12 right) with smoothing filter half-
width 50 grid columns and half-height 1 grid row. We
uncheck option Adapt shape of filter. This manual
WET smoothing filter results in horizontal layering in
the WET tomogram (center). Surfer plot limits as in Fig.
10.

The WET wavepath coverage plot is shown at right.
The unit is wavepaths per grid cell.

In menu WET Tomo/WET tomography Settings we
checked the two options

>
>

Scale wavepath width
Scale WET filter height

5
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Optimized WET inversion (Schuster 1993, Rohdewald 2025) of S-wave VSP survey :

edit Grid|Surfer plot Limits as in Fig. 14. Click button OK.

check Grid\Vertical plot title. Check GridlGS CENTERED FONT to fix Surfer 11 plot display.

select Smooth inverttWET with constant-velocity initial model

wait for the constant-velocity starting model to show as in Fig. 18 (left)

in prompt to continue with WET inversion click No button

uncheck all blanking options in WET Tomo|WET tomography Settings|Blank menu

select ModellWDVS Smoothing. Click radio button discard WET smoothing and WDVS smoothing
(Fig. 15). Click button OK.

check option WET TomolWET tomography Settings|Scale wavepath width

check option WET TomolWET tomography Settings|Scale WET filter height

select WET TomolInteractive WET. Edit main dialog as in Fig. 16 left.

set Number of WET tomography iterations to 999.

click Select button. Navigate into folder c:\Ray32\SH27_Test\HOLETOMO. Select CONSTVEL.GRD
starting model grid.

set Ricker differentiation to 0 times to weight the WET velocity update with a Ricker wavelet across
the WET wavepath. This can help to increase the vertical resolution with velocity inversions present.
set Max. velocity to 3,000 m/s.

click button Edit velocity smoothing. Edit as in Fig. 16 right. Click radio button Manual specification
of smoothing filter. Set Half smoothing filter width to 50 columns. Set Half smoothing filter height
to 0 grid rows. Uncheck box Adapt shape of filter. Click button Accept parameters.

click button Edit grid file generation. Edit as in Fig. 17. Set field Store each nth iteration only: n = to
50 to preserve disk space. Click button Accept parameters.

click button Start tomography processing and confirm prompts to obtain Fig. 18 (center and right)

Edit Surfer plot limits

Fig. 14 (left) : select Grid/Surfer plot Limits. Edit as shown. Set Max.

Plot Limits

[v Piotfimits activel

Min. offset 0.000
Max offset 3.000
Min. elevation ’w
Max elevation 0.000
Min. velocity ’7‘“}0
Max velocity ’77%
Plot Scale

[+ Proportional XY Scaling

[” Adaptcolor scale

Scale height 4000

Velocity interval 500
Coverage interval 5

Receiver labeling

First station -30
Station interval 3|

[ Use data limits

[~ Page unitcentimeter. Uncheck forinch.

X Scale length 6000 [inch]
Y Scale length 4000 [inch]
Color Scale

[inch]
[m/sec]

[paths/pixel]

[station no.]

[station no.]

[ Use station index or station no. offset

o]
Cancel
Reset
Resetto grid
Redisplay grid

velocity to 700 m/s. Click button OK.

-

Edit WDVS (Zelt & Chen 2016)

velocity smoothing

Editp:

| fastWDVS : less accurate mapping of scan line nodes to grid nodes
[v' add nodes once only with overlapping scan lines for velocity averaging
| add all velocity nodes within WDV'S area with radius of one wavelength

| pad WDVS area border with one grid cell

WDVS frequency 300.00 [Hz]
Angle increment between scan lines 7 [Degree]
Regard nth node along scan line 3 [node]

Parameters for Cosine-Squared weighting function (Chen and Zelt 2012)
1.000 [power]

[power]

a:Cosine argument power

b : Cosine-Squared power

Modify WET smoothing mode : discard after forward modeling

® discard WET smoothing and WDVS smoothing after modeling

(" restore WET smoothing and discard WDVS smoothing anly

0K Cancel | Reset |

i:ig. 15 (above) : Model/[WDVS Smoothing. Check radio button discard

WET smoothing and WDVS smoothing. Click OK button.

SH27_Test S-Wave Downhole VSP tutorial / June 2026 using Rayfract® 5.03 6
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-

Edit WET Wavepath Eikonal Traveltime Tomography Parameters

- ~

Edit WET Tomography Velocity Smoothing Parameters

Specify initial velocity model
Select | C\RAY32\SH27_Test|HOLETOMO\CONSTVEL.GRD

Stop WET inversion after

Number of WET tomography iterations : 999  iterations
[ or RMS error gets below 20 percent
[ orRMS error does not improve forn= 20 iterations
[ or WET inversion runs longer than 100 minutes
WET regularization settings
Wavepath frequency : 5000 Hz 4
Ricker differentiation [-1:Gaussian-2.Cosine] : 0 times
Wavepath width [percent of one period] : 11.0  percent lterate
Wavepath envelope width [% of period] : 00 percent
Min. velocity : 10 Max velocity : 3000 mjsec
Width of Gaussian for one period [SD]: 30 sigma
Gradient search method
(@ SteepestDescent (" Conjugate Gradient

Conjugate Gradient Parameters

Line Search iters 2
Tolerance 0.001 Line Search tol. 0.0010

=]

CGiterations

Initial step 0.10 ™
Edit velocity smoothing ‘ Edit grid file generation ‘
Starttomography processing ‘ Reset LCancel ‘

Determination of smoathing filter dimensions
(" Full smoothing after each tomography iteration
(" Minimal smoothing after each tomography iteration

® Manual specification of smoothing filter. see below

Smoothing filter dimensions

Half smoothing filter width : 50 columns
Half smoothing filter height 0 grid rows

Suppress artefacts below steep topography
[ Adapt shape offilter. Uncheck for better resolution

Maximum relative velocity update after each iteration
Maximum velocity update 2500 percent
Smooth after each nth iteration only

Smooth nth iteration : n = 1 iterations

Smoothing filter weighting
(" Gaussian ® Uniform [ No smoothing

Used width of Gaussian 10 [8D]
Uniform central row weight 10 [1.100]

Smooth velocity update before updating tomogram
[+ Smoothupdate [ Smoothnth [ Smooth last

Damping of tomagram with previous iteration tomogram

Damping [0.1] oo [

Accept parameters | Reset parameters

f:ig. 16 : WET Tomo|interactive WET main dialog (left). Edit

as shown. Click Select button. Navigate into folder

C:\Ray32\SH27_Test \HOLETOMO. Select CONSTVEL.GRD starting model grid. Set Ricker differentiation to 0
[Ricker wavelet]. Click button Edit velocity smoothing (right). Edit as shown. Click radio button Manual specification
of smoothing filter. Set Half smoothing filter width to 50 columns. Set Half smoothing filter height to 0 grid rows.
Uncheck box Adapt shape of filter. Click button Accept parameters. Click button Edit grid file generation. Edit as in
Fig. 17. Finally click button Start tomography processing to obtain Fig. 18.

Edit WET Tomography Intermediate Grid File Generation

Delete traveltime grid files for shots and receivers

[v" Delete traveliime grid files for last WET iteration:

Generate intermediate WET grid files for last iteration
Write wavepaths to disk for shotno. :

1.

Write misfit gradients to disk for shot no. :

Write profile coverage and update for each WET iteration
[ Write section velocity update grids after each iteration

[+ Write section coverage grids after each iteration

Store each nth iteration anly : n=

|

[ Write grids for Line Search during Conjugate Gradient

Accept parameters Reset parameters |

Fig. 17 : in WET TomolInteractive WET main dialog
(Fig. 16 left) click button Edit grid file generation. Edit
as shown. Set field Store each nth iteration only: n =
to 50 to preserve disk space. Click button Accept
parameters.  Click button Start tomography
processing to obtain Fig. 18.
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21.47ms Constant-Velocity initial model v. 5.02

SH27 RMS error 19.7%
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Fig. 18 : constant-velocity initial model (left).
Steepest-Descent WET inversion (Schuster 1993,
Rohdewald 2025) after 999 WET iterations (center)
with discard WET smoothing checked in
Model/WDVS Smoothing (Fig. 15).

We left the WET wavepath frequency at 50Hz and
left the WET wavepath width at 11 percent (Fig. 16
left). We increased Number of WET iterations to
999 from default 20 iterations. We limited the Max.
WET velocity to 3,000 m/s.

We use a Ricker wavelet for WET update weighting
across the wavepath (Ricker differentiation 0 in
Fig. 16 left) and manual WET smoothing (Fig. 16
right) with smoothing filter half-width 50 grid
columns and half-height 0 grid rows. We uncheck
option Adapt shape of filter. This manual WET
smoothing filter results in horizontal layering in the
WET tomogram (center). Surfer plot limits as in Fig.
14.

0.51ms 999 WET itr. 50Hz Width 11.0% initial CONSTVEL.GRD v. 5.02

The WET wavepath coverage plot is shown at right.
Unit is wavepaths per grid cell.

In menu WET Tomo/WET tomography Settings
we checked the two options

SH27 RMS error 0.5%=0.51ms 999 WET itr. 50Hz Width 11.0% initial CONSTVEL.GRD v. 5.02

SH27 RMS error 0.5%

> Scale wavepath width
> Scale WET filter height

0123

Here we compare the WET tomogram obtained in Fig. 18 (center) with Fig. 13 (center) :

»

»

note the apparently higher vertical resolution of horizontal layering in the final WET tomogram after 999
WET iterations (Fig. 18 center) compared to Fig. 13 (center) using 500 WET iterations

the RMS error of 0.51ms for Fig. 18 (center) is significantly smaller than the RMS errror of 0.64ms for Fig.
13 (center). So the apparently better vertical resolution for Fig. 18 may be realistic assuming that our S-
wave first break picks (Fig. 19) are good.

for Fig. 18 we use a Ricker wavelet for updating of the WET velocity across the WET wavepath (Fig. 16
left; Schuster 1993) instead of a Gaussian used for Fig. 13. See Ricker differentiation 0 in Fig. 16 (left) vs.
Ricker differentiation -1 in Fig. 12 (left). Using a Ricker wavelet can help to improve the WET velocity
resolution in case of velocity inversions (velocity decreasing with increasing depth below topography)

we discard the WET smoothing after forward modeling (Fig. 15) for Fig. 18 instead of restoring the WET
smoothing (Fig. 11) after forward modeling for Fig. 13

we use a custom WET smoothing filter with half-height of 0 grid rows (Fig. 16 right) for Fig. 18 instead of
half-height 1 grid row used for Fig. 13 (Fig. 12 right)

the low-velocity layer in elevation range -5m to -6m matches the sliding surface of the landslide detected
by Dr. Carabella with an inclinometer in the S2 borehole survey at 4.5m depth (see Acknowledgements
paragraph)

Download the .rar archive of the profile folder obtained with above processing for Fig. 18 from DropBox
link

https://www.dropbox.com/scl/fi/y700lvdosfcpe8gudezzc/SH27 Test_Dec2 25.rar?rlkey=nnvue2tl0ggjlmé6
azqdy7vglp&st=xerzr6xo&dl=0

Unzip the downloaded .rar archive in root folder C:\Ray32 .
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Pick S-wave first breaks in Trace, Shot point gather :

Based on valuable feedback from a long-time client we propose picking the S-wave first break picks as
shown in Fig. 19 for station numbers -6 to -1.

R Rayfract® Standard 5.02 : profile CARAY32\SH27_Test\SEIS32 - [Shotpoint station no. -1.00] — — - — ol | 51
File Header Processing Display Trace Smoothinvert WETTomo Grid Model Refractor Depth Velocity Deltaty Window Help
9 Shotpoint station no. 100 [ESSEeE =
Station Number
30 -15 -10

ﬁ S &
—~ BUAVAN i
e
= CRATA!

160 =-

- ‘ ! ] 4 ; % Y s ; T %0
% wo;,,,}, e GaS PPN Y] )’}r 2 4 ] /’ . g
£ i; HeeY) ) :QL A (Hb / Vo) } ¢ &
W' (; 7 { N 3 } }( \’ }i N | ) .m
Y ’\ ‘ ‘k ‘ | { L) ( i
6% Y 5

| |
an B |

Station Number

F7/F8 Browse F1/F2 (Un)zoom time CTRL+F1/F2 (Un)zoom trace CTRL+F3 Toggle fill Click Pick trace SHIFT+Click Delete pick SHIFT+F1/F2 (Un)zoom spread SHIFT+PgDn/PgUp Pan spread Arrow keys Move pick cursor.

Fig. 19 : Pick S-wave first breaks in Trace, Shot point gather. Use left mouse click to pick first breaks. Red crosses are
your first break picks. Blue dots are the modeled first breaks after 999 Steepest-Descent WET iterations (Schuster
1993, Rohdewald 2025).

As explained by our client, the apparent phase shift by 180 degrees (phase reversal or phase flip) between
station number -7 and station number -6 and higher station numbers may be caused by a rotated borehole
receiver probe at station number -6 while pulling up the probe.

There is another phase reversal at station number -17 (red phase), possibly also caused by a rotated
borehole receiver probe.
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2" run WET inversion (Schuster 1993, Rohdewald 2025) of repicked S-wave VSP survey :

10

Next we show further improvement of the vertical resolution in our previous downhole VSP tomogram

(Fig. 18) by using the

. .\HOLETOMO\VELOIT999.GRD obtained during the first WET run (described in

previous paragraph) as the starting model for a 2" interactive WET run using the exactly same WET and
WDVS settings and parameters as used for the first WET run (Fig. 16) :

o select WET TomolInteractive WET. Edit main dialog as in Fig. 20 left.
e click Select button. Navigate into folder c:\Ray32\SH27_Test\HOLETOMO. Select VELOIT999.GRD as

our new starting model grid for a 2" WET run.
e  click button Start tomography processing to obtain Fig. 21

Edit WET Wavepath Eikonal Traveltime Tomography Parameters

~

Edit WET Tomography Velocity Smoothing Parameters

Specify initial velocity model

Select |

Stop WET inversion after

[~ orRMS emor gets below

WET regularization settings
Wavepath frequency

Min. velocity

Gradient search method
® SteepestDescent

Conjugate Gradient Parameters

CG iterations 10
Tolerance 0.001
Initial step 010

Edit velocity smoothing

Number of WET tomography iterations :

[ orRMS emor does notimprove forn =

[ or WET inversion runs longer than

Ricker differentiation [-1:Gaussian,-2:Cosine] :
W avepath width [percent of one period]
Wavepath envelope width [% of period] :

10 Max velocity :

Width of Gaussian for one period [SD]

C\RAY32\SH27_Test\HOLETOMOWELOIT999.GRD

99 iterations
2 percent
20 iterations

minutes

i

Hz 4
times
110 percent lterate
,—DD percent
’—34}0'0 misec.
,730 sigma

" Conjugate Gradient

Line Searchiters. 2
0.0010

Line Search tol.

-

| Edit grid file generation |

Start tomography processing

| Reset Cancel |

Determination of smoathing filter dimensions
(" Full smoothing after each tomography iteration
(" Minimal smoothing after each tomography iteration

® Manual specification of smoothing filter. see below

Smoothing filter dimensions
Half smoothing filter width :

50 columns
0 grid rows

Suppress artefacts below steep topography
[ Adapt shape offilter. Uncheck for better resolution.

Half smoothing filter height

Maximum relative velocity update after each iteration
2500 percent

Smooth after each nth iteration only

1 iterations

Maximum velocity update :

Smooth nth iteration : n=

Smoothing filter weighting
(® Uniform [ No smoacthing

10 [SD]
10 [1.100]

Smooth velocity update before updating tomogram
[~ Smoothnth [ Smooth last

(" Gaussian
Used width of Gaussian

Uniform central row weight

[v" Smooth update

Damping oftomagram with previous iteration tomogram

Damping [0.1] oo [

Accept parameters | Reset parameters

Fig. 20 : select WET Tomo, interactive WET to display the interactive WET main dialog (left). Click Select button and
select C: \RAY32\SH27_Test \HOLETOMO\VELOIT999.GRD as starting model for a 2" WET run. Click button Start
tomography processing to obtain Fig. 21.

SH27_Test S-Wave Downhole VSP tutorial / June 2026 using Rayfract® 5.03
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SH27 RMS error 0.5%

0.51ms 999 WET itr. 50Hz Width 11.0% initial CONSTVEL.GRD v. 5.02

-20

-25

-30

0123

SH27_Test S-Wave Downhole VSP tutorial / June 2026 using Rayfract® 5.03 11

Fig. 21 : optimized WET tomogram (center)
obtained when using our previous
.\HOLETOMO\VELOIT999.GRD (left) obtained
with the first WET run (Fig. 16) as the starting
model for a 2™ WET run (Fig. 20).

— 700

— 700

At right we show the WET wavepath coverage
plot obtained with our 2" WET run (Fig. 20).
The unit is wavepaths per grid cell.

350

300

250

-20 250

0.38ms 999 WET itr. 50Hz Width 11.0% initial VELOIT999.GRD v. 5.02
0.38ms 999 WET itr. 50Hz Width 11.0% initial VELOIT999.GRD v. 5.02

200 200

150 150

100 -25 - 100

SH27 RMS error 0.4%:
SH27 RMS error 0.4%:

-30
0123

We compare the tomogram obtained in Fig. 21 (center) with our previous tomogram (Fig. 21 left, Fig. 18 center) :

»

an apparent high-velocity layer with S-wave velocity 450 m/s at elevation range -7m to -8m has become
visible in Fig. 21 (center) which is based on our picked S-wave first breaks (Fig. 19) and using our previous
WET tomogram as a starting model (Fig. 21 at left and Fig. 18 center)

to justify this apparent high-velocity layer at elevation range -7m to -8m open file
C:\Ray32\SH27_Test\INPUT\BREAKS.LST in Microsoft Notepad editor. View the almost identical picked
first break times at trace_pos (column 3) station number -7 (54.446 ms) and station number -8 (54.384 ms)
listed in column 4.

see also station numbers -7 and -8 in Fig. 19 showing the almost identical picked first break times
explaining this high-velocity layer at elevation range -7m to -8m

the low-velocity layer in elevation range -5m to -6m matches the sliding surface of the landslide detected
by Dr. Carabella with an inclinometer in the S2 borehole survey at 4.5m depth (see Acknowledgements
paragraph). This low-velocity layer is shown with better contrast in Fig. 21 (center) than in our starting
model grid c: \RAY32\SH27_Test \HOLETOMO\VELOIT999.GRD (Fig. 21 left and Fig. 18 center).

the RMS error of 0.38ms for Fig. 21 (center) is significantly smaller than the RMS errror of 0.51ms for Fig.
21 (left). So the apparently better vertical resolution in Fig. 21 (center) may be realistic assuming that our
S-wave first break picks (Fig. 19) are good and physically consistent with the subsurface.

Download the .rar archive of the profile folder obtained with above processing for Fig. 21 from DropBox
link

https://www.dropbox.com/scl/fi/mgjex4i50txaSat32y9fn/SH27 Test_Dec3 DefaultSize 2ndRun.rar?rlkey
=v5phlcwoctgmsguxflll mibmd&st=77vdk3a9&dl=0

and unzip in your C:\Ray32 root directory.
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Plot VSP interval velocity for S-wave VSP survey in Golden Software Surfer 11 :

Next we show how to plot the shear-wave VSP velocity for one grid column of the final
. . \HOLETOMO\VELOIT999.GRD WET tomogram (Fig. 21 center) in our latest version 5.03 software released
in Jan 2026 calling into Golden Software Surfer 11 :

select Grid|Export grid file to ASCIL.TXT ... . See Fig. 22 .

click Select grid file button and navigate into c: \RAY32\SH27_Test \HOLETOMO\ folder

select file vELOIT999.GRD and click Open button

click radio button Export velocities for leftmost grid column only for downhole VSP plot

click button Export to . TXT

select Grid|Surfer plot Limits and edit as in Fig. 23

check new 5.03 option Grid|Plot downhole VSP interval velocity only without tomogram. See Fig. 24.
select command GridlSelect VELOITXY .TXT for downhole VSP interval velocity plot

. navigate into C:\RAY32\SH27_Test \HOLETOMO\ folder

10. select the exported file vELo1T999. TXT and click Open button

11. select command Gridllmage and contour velocity and coverage grids shown in Fig. 24

12. select grid file c: \RAY32\SH27_Test \HOLETOMO\VELOIT999.GRD and click Open to obtain Fig. 25

O PN U W

Eport Surfer .GRD to ASCII .TXT with x/y/z coordinates

Selectinput.GRD and output . TXT files Fig. 22 : Grid/Export grid file to
Select grid file ‘ C\RAY32\SH27_Test\HOLE TOMOWELOIT999.GRD ASCII.TXT dialog. Edit as shown and

click button Export to .TXT .

Select . TXT file ‘ CARAY32\SH27_TestiHOLETOMO\WELOITS9S. TXT

Specify velocity range to exportto . TXT
[ Exportvelocity range

Min. velocity [mfsec]  Max velocity [mfsec]

Export grid velocities for one column only for downhole V'SP interval velocity plot

(" ExportALL grid columns / NOT for downhole VSP velocity plot

& Fxport velocities for lefmost grid column only for downhole VSP plot

(" Exportvelocities for rightmost grid column only for downhole VSP plot

(" Exportvelocities for selected grid column only for downhole VSP plot

Export column 0 [grid column no.]

Exportto . TAT | Cancel | Reset

Configure VSP interval velocity plot for S-wave VSP survey in Golden Software Surfer 11 :

Now we edit the labeling of the x/y axes for our VSP velocity plot in Golden Software Surfer 11 :

13. left-click on Surfer 11 icon in Windows 7/10/11 taskbar (Fig. 26)

14. select ViewlManagers|Object Manager

15. select ViewlManagers|Property Manager

16. in Object Manager window left-click Left Axis label

17. in Property Manager window left-click General tab

18. edit field Title text to “Elevation (m)” without the enclosing “”” and press return or enter key

19. in Object Manager window left-click Bottom Axis label

20. in Property Manager window left-click General tab

21. edit field Title text to “S-wave velocity (m/s)” without the enclosing “”” and press return or enter key
(Fig. 26)
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Edit Surfer plot limits i R L. . .
e Fig. 23 (left) : select Grid/Surfer plot Limits. Edit as shown and click
OK .

[ Plotlimits active [ Use data limits _ button OK
M fiset 0.000 Cancel - ——— .
moe fl n Model Refractor Depth Velocity DeltatV Window Help
Rlduitat 3000 [m] Rz | Plot Settings >
Min_ elevation -30.000 [m] Resetto grid
Max elevation 0.000 [m] Redisplay grid
Min. velocity 100 [mfsec]

Blank polygon area in grid...

Max. velocity 600 [mfsec] Convert elevation to Depth below topography...

' Generate blanking file between sources and receivers...
Plot Scale Regard off-end shots for blanking file
[~ Proportional XY Scaling

Convert grid file between feet and meters...
Turn around grid file by 180 degrees...
Convert .CSV layer model to Surfer .GRD...
Export grid file to ASCII .TXT...

Image and contour velocity and coverage grids...

[~ Page unitcentimeter. Uncheck forinch. Image Surfer .GRD file without .PAR file...

X Scale length 2 0o [inch] Select VELOITXY .TXT for downhole VSP interval velocity plot...
v Plot downhole VSP interval velocity only without tomogram
Y Scale length 4.000 [inch
g finchi Plot multiple WET runs on one page...
Show WET run in title for multiple WET runs plot
-Color Scale

Select ASCIL.CSV layer model for refractor plotting...

[~ Adaptcolorscale
Plot topography on tomogram

Scale height 4000 [inch]
Velocity interval 500 [mfsec]
Coverage interval 5 [paths/pixel]

Plot refractors on tomogram

Plot refractors only without tomogram
Plot layer velocity without tomogram

Grid and image DeltatV .TXT file...

Velocity vs. Two-way time...

Receiver labeling Surfer plot Limits.

First station -30 [station no.] Surfer invocation.

Station interval 3 [stationno]

[ Use station index or station no. offset

Reset DeltatV and WET and WDVS settings to .PAR file...

Fig. 24 (right) : select new version 5.03 Grid menu option Plot
— downhole VSP interval velocity only without tomogram

Fig. 25 : VSP velocity plot obtained in our latest version 5.03 software for
final WET tomogram shown in Fig 21 (center)

0.38ms 999 WET itr. 50Hz Width 11.0% initial VELOIT999.GRD v. 5.02
3
I
\

-30 I I
200 400 600

SH27 RMS error 0.4%
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| 4 VELOIT999.SRF r COVERG999.5RF r VELOIT999.SRF r VELOIT999. SRa/ VELOIT999.SRF r VELOIT999.SRF~ VELOIT999.SRF b X
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Fig. 26 : edit axis title text for VSP velocity plot in Golden Software Surfer 11.
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ge e-VELOIT999 : -20-| L
Line Info |
- Line Properties
Style —————Solid [ 25 r
Color R0 G128 B128 A255 [«
56% f
Width 0.040 in = 30 7 T T T T
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Fig. 27 : plot multiple 1D vertical velocity grid slices in same Surfer plot. See next two pages for instructions.
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Plot VSP multiple VSP velocity grid slices in Golden Software Surfer 11 in latest Rayfract® 5.03 released
in June 2026 :

Eport Surfer .GRD to ASCIL.TXT with x/y/z coordinates

Fig. 28 : select Grid menu command Export grid file
to ASCII.TXT . Edit as shown and click button Export

Selectinput GRD and output . TXT files

Select grid file ‘ ARAY3I2\SH27_TestiHOLETOMOWELCIT200.GRD to TXT Repeat th |S for a” dothOIe VS P
Grid PARfile ‘ C\RAY32\SH27_TestHOLE TOMOWVELOIT200 PAR VELOITXY.GRD files which you want to include in the

same downhole VSP plot.

Select TXT file ‘ CARAY32\SH27_TesttHOLETOMOWELOIT200_firstRun. TXT

Next edit Surfer plot limits as shown in Fig. 30.

Specify velocity range to exportto . TXT
| Exportvelocity range

Min. velocity [mjsec]  Max velocity [m/sec]

Export grid velocities for one column only for downhole VSP interval velocity plot:
(" Export ALL grid columns / NOT for downhole VSP velocity plot

Next select Grid menu command Edit downhole VSP
plot. See Fig. 29.

® Exportvelocities for central grid column only for downhole VSP plot
(" Export velocities for lefimost grid column only for downhole VSP plot
(" Export velocilies for rightmost grid column only for downhole VSP plot

[ Export velocities at one grid offset only to 1D veriical slice for downhole VSP plot

Export offset 00000 [m]

[ Exportvelocities for one grid column only for downhole VSP plot

Export column 0 [grid column no]
Exportto TXT Cancel | Reset

Edit VSP velocity plot

Select TXT file with vertical slice for first VSP velocity graph

Selectfirst graph A\RAY32\SH27_TestHOLETOMOWELOITSS9 firstRun. TXT Selectfirst color

SH-wave SH27_Test after 999 WET first run

Firstlegend text ‘

Select . TXT file with vertical slice for second VSP velocity graph

Select second graph ‘ CARAY32\8H27_TestiHOLETOMOWTS99_CNTR.TXT Select seond color

2nd legend text ‘ SH-wave SH27_Testafter 399 WET iterations 2nd run

[ Plotsecond graph on same Surfer plot as first graph

Select. TXT file with vertical slice for third VSP velocity graph

Selectthird graph ‘ CARAY32\SH27_Test{HOLETOMO\WELQIT200_firstRun. TXT Select third color

3rd legend text ‘ SH-wave SH27_Test after 200 WET iterations first run

[ Plotthird graph on same Surfer plot as first graph

Select. TXT file with vertical slice for fourth VSP velocity graph

Select fourth graph ‘ CARAY32\PW27_Test\HOLETOMO\WELOIT500. TXT Select fourth color

4th legend text ‘ P-wave PW27_Test after 500 WET iterations [mfsec]

[ Plotfourth graph on same Surfer plot as first graph

0K Cancel ‘ Reset ‘ Display VSP p\ut|

Fig. 29 : select Grid/Edit downhole VSP plot. Edit as shown. Click button Display VSP plot. Navigate into folder
C:\RAY32\SH27_Test\HOLETOMO and select VELOIT999.GRD to obtain Fig. 27.
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Plot VSP multiple VSP velocity grid slices in Golden Software Surfer 11 in latest Rayfract® 5.03 released

in June 2026 :

Here we show how to plot four (4) VSP velocity graphs in the same Surfer VSP plot. We include 1D
vertical velocity graphs based on vertical grid slices extracted from VELOITXY.GRD files in profile
folders C:\RAY32\SH27_Test\HOLETOMO and C:\RAY32\PW27_Test\HOLETOMO. See our twin VSP
tutorial https://rayfract.com/tutorials/PW27 Test.pdf showing P-wave VSP processing for the same
borehole as used for our current SH27_Test horizontal shear-wave downhole VSP profile.

AN

o

10.
11.

select Grid|Export grid file to ASCII.TXT . See Fig. 28.

click topmost button Select grid file

navigate into folder C:\RAY32\SH27_Test\HOLETOMO and select VELOIT999.GRD

click radio button Export velocities for central grid column only for downhole VSP plot

click bottom-most button Export to .TXT

repeat steps 1. to 5. for all downhole VSP Surfer .GRD files VELOITXY.GRD which you want to plot
as 1D elevation vs. velocity graphs in the same Surfer plot (Fig. 27). Select these VELOITXY.GRD in
your ..\HOLETOMO folders C:\RAY32\SH27_TEST\HOLETOMO and
C:\RAY32\PW27_TEST\HOLETOMO as shown in Fig. 29.

select Grid menu command Surfer plot Limits. Edit as shown in Fig. 30 and click OK button.

select Grid|Edit downhole VSP plot. Edit as shown in Fig. 29.

click buttons Select first color to Select fourth color. Select the color for the VSP graph in the selected
.TXT file. Click OK button. See Fig. 31.

click button Display VSP plot

navigate into folder C:\RAY32\SH27_Test\HOLETOMO and select any .GRD file e.g
VELOIT999.GRD to obtain Fig. 27

Edit Surfer plot limits

[l Fig. 30 : select Grid/Surfer plot Limits. Edit as shown and click OK
[ Plotlimits active | Use data limits

button.
Min. offset 0.000 [m] SRR
Max offset 3000 [m] Resst
Min. elevation -30.000 [m] Resetto grid
Max elevation 0.000 [m] Redisplay grid Color &J‘
Min. velocity 1000 [mfsec] Basic colors:
Max velocity 30000 mjsec] il Iml 1 01 |

H NN E
e LI
[ Froperiional XY Scaling ErEEEEN -
[ Page unit centimeter. Uncheck for inch - - - - - - - -
et 45 o EEEEET N
Y Scale length 4.000 [inch] c '
Custom colors:

Color Scale - - - - - - - -
[~ Adaptcolor scale - - - - - - - -
Scale height 4000 [inch] Define Custom Colors >> ‘
Velocity interval 500 [mfsec] Cancel
Coverage interval 5 [paths/pixel] -

Fig. 31 : in Grid/Edit downhole VSP plot (Fig. 29) click buttons Select
Receiver labeling
e 30 [siationno] first color to Select fourth color. Click on your color choice for the

selected .TXT file and click OK button.
Station interval 3 [station no.]
[ Use station index or station no. offset
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Edit Shot - browse with F7/F8, enter changes with RETURN

ShotNo. ’7 Time of Acquisition
LS Crosshole shot [ [T)_ale —— Fig. 32 : Header|Shot. Check if fields x and z in frame Source Coords.
Delay 0.000000 me [m] match the Source x-offset from top-of-hole and Source depth
below top-of-hole as specified in SEG2_HoleMerge program (Fig. 5).

Import data type ‘SEG-Z J
Field Record No. Energy Source PointNo.

No No

Shot Station [station no.] Sample Interval

Pos -1.0 msec. 0.061800
Offsetfrom Shot Station [m]

3.0000 dx 3.0000

0.0000 dy 0.0000

0.0000 dz 1.0000

Source Type Sample Count

VibroSeis > 6468
Source elevation [m] 0.0000
Uphole time correction term [msecs.] 0.000000
Qriginal filename | HORZ_SHX_SPREAD.SG2
Trigger delay [msecs.] 0.000000

Edit Stations - browse with F7/F8

Fig. 33 : Header/Station. Use F7/F8 keys to browse to Station position [station no.] -1.0 as

Station position [station no ]

U — referenced in above Header/Shot (Fig. 32).

Station Coordinates [m]

x p.oooo See also our updated 2026 manual (Rohdewald 2026) at

v 0.0000

z 100 https://rayfract.com/help/rayfract.pdf

Weathering velocity [mfsec] . .

o chapter Crosshole survey interpretation and chapter Downhole VSP

interpretation and chapter Aggregate AMBROGEO or PASI or
| | Geotomographie or GEOSTUFF 3-component borehole geophone channels
Posatv) | [Conseibreata | into SEG-2 borehole spread files

Reset coordinates and v0

See also our twin VSP tutorial https://rayfract.com/tutorials/PW27 Test.pdf
Interpolate coordinates and v0_| showing P-wave VSP processing for the same borehole.

Correctx Correcty

mmipoe Aok https://rayfract.com/tutorials/TTBM4.pdf and our earlier VSP tutorial

https://rayfract.com/tutorials/vsp.pdf

|
| See also our 2024 VSP tutorials https://rayfract.com/tutorials/TTBM6.pdf and
|

Force interpolate coordinates

See also our crosshole tutorials https://rayfract.com/tutorials/MDW2011 23.pdf and
https://rayfract.com/tutorials/b8b9.pdf and our walkaway VSP tutorial
https://rayfract.com/tutorials/walkaway.pdf . See also our joint inversion of surface refraction spread with
borehole receiver spread tutorial at https://rayfract.com/tutorials/1 IREFR.pdf and our tutorial with
receivers in 3 boreholes at https://rayfract.com/tutorials/KING17.pdf .

» Doug Crice describes cross-hole and down-hole shear wave recording geometry in his paper
http://geostuff.com/Downhole_Shearwaves.pdf
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> we allow picking of shear waves on shot traces recorded with reversed shot polarity in our TracelShot
point gather display. See above and our manual https://rayfract.com/help/rayfract.pdf chapter Shear
wave picking and our tutorial https://rayfract.com/tutorials/SH 60m.pdf .

»  for the Free Pascal source files and Lazarus project files for our standalone SEG2_HoleMerge program
see .RAR archive at https://rayfract.com/tools/SEG2 HoleMerge.rar .

» our SEG2_HoleMerge program calls into a modified version of the SEG2_EDIT program with
permission given by its author Karl J. Ellefsen at USGS in his email dated Sep 8, 2025 to distribute
this modified SEG2_EDIT build to our Rayfract® software clients. See
https://rayfract.com/tools/SEG2 EDIT SIR July2 2025.zip for the Microsoft Visual Studio 2005
project files and C++ source files for our modified SEG2_EDIT version.

»  for a description of the SEG2_EDIT program see
https://www.usgs.gov/publications/seg2edit-a-program-editing-and-manipulating-seg-2-files

Discussion

We show gathering of SEG-2 channels recorded with AMBROGEO 3-component borehole geophone into
SEG-2 receiver spread files sorted by channel number and receiver elevation. We assume that the 3-
channel receiver trace files are named <receiver_elevation><optional wave identifier>.DAT / .SG2 /
SEG2. -1.5G2 / -1sx.SG2 / -1sy.SG2 means the borehole receiver was located at elevation -1m with the
borehole top at elevation Om.

-30.SG2 / -30sx.SG2 / -30sy.SG2 means the borehole receiver was positioned at elevation -30m.
Rename your SEG-2 receiver channel files in Windows Explorer to match this file naming convention.

Next we import the two aggregated SEG-2 borehole receiver spread files into a Rayfract(R) borehole
profile database. Next we apply frequency filtering and pick the shear-wave first breaks. Finally we run our
WET inversion using 500 or 999 Steepest-Descent iterations. We weight the velocity update across the
wavepath using a Gaussian wavelet or with a Ricker wavelet (Schuster 1993). We use a custom/manual
WET smoothing filter to force a horizontal layering in the final WET velocity tomogram. We scale the
WET wavepath width with the picked time for each trace for improved weathering resolution. Also we
scale the WET smoothing filter height with the grid row depth below topography.

See Fig. 19 for our horizontal S-wave first break picks. We assume that the borehole receiver probe rotated
by 180 degrees at station number -6 while pulling it up and that the probe remained rotated for station
numbers -5 to -1. Usually borehole receiver probes do not allow for the operator to fix the rotation of the
probe in the borehole.

Our long-time client recommends picking and following the first polarized event showing on both
traces (red and green polarizations) in our Trace, Shot point gather display instead of following a specific
phase in any of the polarizations (red or green). We followed these recommendations in our first break
picking session shown in Fig. 19 at station numbers -6 to -1.
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Fig. 34 : geotechnical core stratigraphy for S1 downhole VSP seismic survey. Included with permission given by Dr.
Carabella.
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Fig. 35 : geotechnical core stratigraphy for S1 downhole VSP seismic survey. Continuation of Fig. 34. Included with
permission given by Dr. Carabella.
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