Poisson_Surfer23 tutorial / updated Mar 2026 uSiagfract® Standard 5.03 1
WET tomographic inversion and dynamic Poisson’s rab imaging for data sets WAVE_P and WAVE_SH
as sent by Dr. Anibaldi, Geomethodo s.r.l. in 2004ith Rayfract® 4.04 and Surfer 23 in June 2023 :

Data import into Rayfract™ profile database

Download ASCII .ASC formatted files WAVE_P.ASC aWwAVE_SH.ASC from our web site :

https://rayfract.com/tutorials/poisson.zip

Now create two new Rayfract™ profile databases mBWAVE_P and WAVE_SH, as described in our short
manual as available #&ttps://rayfract.com/help/manual.pdf. When prompted in version 4.05 to force first
receiver station number to 1 clidtesbutton (Fig. 24).

Specify aStation spacingf 5 meters irHeader|Profile

Then copy file WAVE_P.ASC into directory \RAY32\WAY P\INPUT, and copy WAVE_SH.ASC into
directory \RAY32\WAVE_SH\INPUT using Windows Expkar.

Now import these ASCII .ASC files into their respee profile databases, as described in above nhanua
Specify import data type ASCII column format, ars uhe default receiver spread type 01: 24 chan@élsck
option “Batch import”, so you don’t need to confitayout start and shot position etc. for each iiatlial shot.

WET tomography processing WAVE_P line with 1D-gradent initial model and 50 WET iterations

open profile C:\RAY32\WAVE_P witlfrile|Open Profile

selectHeader|Profileand check bo¥orce grid cell sizeSetCell sizeto 0.1m(Fig. 12)
selectModel|WDVS Smoothingnd uncheck optionse WDVS(Fig. 13)

check optiorDiscard WET smoothing and WDVS smoothing after méidg. Click button OK.
selectSmooth invert|Custom 1D-gradient velocity proéiled edit as inFig. 14

check optiorForce grid limits Set fieldGrid bottom elevation [mjo -12.5m. Click button OK.
selectSmooth invert| WET with 1D gradient initial model

confirm the following prompt to obtain our defairterpretation based on 20 WET iterations
selectGrid|Surfer plot Limitsand edit as in Fig. 15

selectWET Tomol|Interactive WET tomographwand set parametBiumber of WET tomography
iterationsto 50. SeWavepath envelope width 2% (Fig. 16).

click buttonStart tomography processingou will obtain the following P-wave tomogram :
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Fig. 1 : 50 WET iterations with 1D-gradient initial model for line WAVE_P. Discard WET smoothing. WDVS

disabled. Full WET smoothing (Fig. 16). WET frequency 50Hz. Wavepath width 7%. Envelope width 2%. WET
wavepath coverage plot shown in Fig. 19.
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Next we compute the S-wave tomogram with profile WKE_S opened

open profile C:\RAY32\WAVE_SH witlrile|Open Profile

selectHeader|Profileand check bo¥orce grid cell sizeSetCell sizeto 0.2m(Fig. 12)
selectSmooth invertWET with 1D gradient initial model

confirm the following prompt to obtain our defairterpretation based on 20 WET iterations
selectGrid|Surfer plot Limitsand edit as in Fig. 18.

selectWET TomolInteractive WET tomographynd set parametBiumber of WET tomography
iterationsto 50 (Fig. 17)

click buttonStart tomography processingou will obtain the following S-wave tomogram :
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Fig. 2 : 50 WET iterations with 1D-gradient initial model for line WAVE_SH. Discard WET smoothing. WDVS
disabled. Full WET smoothing. WET wavepath width 21%. WET frequency 50Hz. WET wavepath coverage plot
shown in Fig. 20.
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File Edit File Edit
Grid Information = Grid Information =
Sat Apr 22 00:04:10 2023 | Sat Apr 22 00:09:43 2023 |
Grid File Name: CARAY32\WAVE_P\GRAI I Grid File Name: CARAY32\WAVE_SH\GI

|| Grid Size: 126 rows x 839 columns | Grid Size: 91 rows x 420 columns
Total Nodes: 105714 || Total Nodes: 38220

'l Filled Nodes: 61026 i Filled Nodes: 21152

| NoData Nodes: 44688 bl NoData Nodes: 17068

| NoData Value: 1.70141E+38 | NoData Value: 1.70141E+38
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i Grid Geometry Grid Geometry

'l X Minimum: -15 X Minimum: -15
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Y Minimum: -125 Y Minimum: -18
Y Maximum: 0 Y Maximum: 0
Y Spacing: 0.1 - || Y Spacing: 02 il
<| m | A <| i | b

Fig. 3 : Grid Info PWAVIT50.GRD Fig. 4 : Grid Info SHWVIT50.GRD
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Construction of dynamic Poisson’s ratio image mapdr lines WAVE_P and WAVE_SH

Here we show how to image dynamic Possion’s ratth ®urfer 23 operations Extract Grid, Grid Mosaitd
Grid Math. See your Surfer 23 manual for more deta these grid operations.

open a Windows Explorer window with Windows Stagma / magnifier search icon in Start menu
change into directory \RAY32\WAVE_P\GRADTOMO andpgdfile VELOIT50.GRD to
PWAVIT50.GRD.

change into directory \RAY32\WAVE_SH\GRADTOMO andpy file VELOIT50.GRD to
SHWVIT50.GRD.

start up Surfer 23 via desktop icon

in box Search commands and heltt top of Surfer main window enter search tgnd info

select topmost matd@rid Info . Click Browsebutton and select above PWAVIT50.GRD.

click Open button and OK button to obtain Fig. 3.

repeat the last 3 steps with above SHWVIT50.GRDBht@in Fig. 4.

To be able to carry out Grid Math operations basedibove two grids, we first need to resize andmgde
SHWVIT50.GRD to the size and density (row, colunomirt and cell size) of PWAVIT50.GRD.

in Surfer main window seleétile|New|Plot Document

enter search terfxtract  at top and select topmost matektract

click Browse and select SHWVIT50.GRD and edit fighdrst row" to 28, as shown below. l.e. vary this
field until ,Minimum y* optimally fits the minimurry value of PWAVIT50.GRD amounting to -12.5.

click on the Folder icon to the right of edit figiutput Grid and enter file name SHWVCLIP.GRD.

click on Save, and then click on OK to generatectipped grid file (Fig. 5)

Extract Grid B

Fig. 5 : Extract S-wave grid matching

Input Grid size of P-wave grid.
C:\RAY32\WAVE_SH\GRADT OMO\SHWVIT 50.GRD V‘ Browse...
Direction # of Nodes Minimum Maximum Spacing
X 420 =15 68.8 0.2
Y 91 -18 0 0.2
Output Grid
C:\RAY32\WAVE_SH\GRADTOMO\SHWWCLIP.grd =
Read # of
Direction First Last Every Nodes  Minimum Maximum
i 1 = 420 = 1 = 420 -15 68.8
Y 25 = IV = 64 -12.6 1.77635683040
[ Add grid as layer to: |[New Map] v‘
New layer type: |C0nt0ur v‘
[ oK l l Cancel ]

selectrile|New|Plot Document

enter search teriosaic at top and select topmost matdiosaic

select SHWVCLIP.GRD and click Open button

edit the dialog as shown below in Fig. 6 : set Qutprid to SHWVSIZE.GRD.

set X # of Nodes to 839, and set Y # of Nodes %, 2. to the same values as for PWAVIT50.GRD.he
click on OK to generate the resampled grid file :
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Grid Mosaic l @ i
Input Grid
Grid Filename xMin xMax yMin Add...
C:\RAY3Z\WAVE_SH\GRADTOMO\SHWVCLIP.grd A 68.8 -12.6 -m
up
< | I 3 Down
Resample Method: Overlap Method: [m Info.

Output Grid Geometry Grid Extents

Copy geometry from :[<Custnm> VI [ Browse... ]
Minimum Maximum Spacing # of Nodes

X: -15 68.8 0.0999999999 839 =

Y: -126 33940025E-15 0.1008 126 %

-

[ calculate From Input Extents

Black boxes represent the input grids, the red box represents the
selected input grid, and the solid gray box is the output extents.

Output Grid
C:\RAY32\WAVE_SH\GRADTOMO\SHWVSIZE.grd

|| add grid as layer to: [Mew Map]

New layer type: Contour

=

Fig. 6 : resample clipped S-wave grid
to P-wave grid cell size of 0.1m using
Mosaic dialog.

selectrile|New|Plot Document

enter search terilath at top and select topmost matdiath
click button Add Grids and select PWAVIT50.GRD (Fr§

click Add Grids again and select SHWVSIZE.GRD

set Output Grid to C:\\RAY32\WAVE_SH\GRADTOMO\RATIGRD
set “Enter a function of the form f(A,B) “ to A / Bnd click on OK. Confirm the following prompt to
generate a grid containing the ratio of P-wave sigfdo S-wave velocity :

Grid Math

e o e wat oo el . - -

A=

Input Grid Variab...
CARAY3I2Z\WAVE_P\GRADTOMO\PWAVITS0.GRD A
p CARAYIZWAVE_SH\GRADTOMO\SHWVSIZE.grd B

MNoData Hand...
NoData output
NoData output

| il | ,

v] Master grid (for geornetry):

Enter a function of the form f(A, B, ...) where A, B, ... are the variables in the list above.
AlB

Align grids XY coordinates

L]

Output Grid:
C:\RAY32\WAVE_SH\GRADTOMO\RATIO.grd =

Add Grids...
Grid Info...
l

Fig 7 : determine ratio of P-wave grid
to S-wave grid and save to
RATIO.GRD

Add grid as layer to: [[New Map]

x|

New layer type: [Contour

[ cancel |

L —

in our Grid menu select command Surfer plot Limits

check new optiotUse data limitsand click OK button
in same Grid menu select new commémdge Surfer

(Fig. 18)
.GRD file without .PAR file

select C:\\RAY32\WAVE_SH\GRADTOMO\RATIO.GRD to obtaFig. 8 showing the velocity ratio
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Fig. 8 : image P-wave to S-wave velocity ratio obtained as in Fig. 7. Compare to our original tutorial

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

selectrile|New|Plot Document

enter search teridath at top and select topmost matdiath

click button Add Grids and select PWAVIT50.GRD (F8)

click Add Grids again and select SHWVSIZE.GRD

set Output Grid to C:\\RAY32\WAVE_SH\GRADTOMO\POISSI.GRD

set “Enter a function of the form f(A,B) “ to ( pd®,2) - 2*pow(B,2) ) / ( 2*(pow(A,2) - pow(B,2) ) and
click on OK

confirm the prompt to generate a grid containirgBtynamic Poisson’s ratio (Fig. 10)

Fig 9 : determine dynamic
Poisson’s ratio of velocity grids
and save to POISSON.GRD

in our Grid menu select command Image Surfer .GiRDafithout .PAR file

select C:\\RAY32\WAVE_SH\GRADTOMO\POISSON.GRD to aist Fig. 10 showing the dynamic
Poisson’s ratio

in Surfer plot / Contents tab select item Colori&eaPOISSON.GRD (Fig. 11 at left)

in Properties window / General tab click button t.ead of Colors row

uncheck option “Use data limits”. Set Minimum t@fd Maximum to 0.7. Of course the real maximum
value is 0.5, but the display looks better with.0.7

move the “Color spectrum” nodes for yellow and cmker together, to obtain a display as in Fig. 10
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Fig. 10 : Dynamic Poisson’s ratio of velocity grids determined as in Fig. 9
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Move the yellow and red color spectrum nodes, uhélPoisson’s ratio is shown with optimum contrasthe
deeper half of above plot. Note the similarity bbae dynamic Poisson’s ratio plot to the simple &vto S-
wave velocity ratio plot (Fig. 8). When you are dpgelect File|Save As and specify file name POSSBF.

The abnormally low Poisson's ratio (approachingué) below the topography at the right end of thetisn can
be explained by too early picks for traces 10 &dflishot nr. 5 of line WAVE_SH. The correspondinghi

velocity anomaly is clearly visible in the earl@wave velocity tomogram.

Fig. 11 : edit dynamic Poisson’s ratio value range and color spectrum in Golden Software Surfer 23.

We thank Dr. Anibaldi at Methodo s.r.l. for makiagailable in 2004 above consistently picked .ASfifas.
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Fig. 13 : Model|WDVS Smoothing

Fig. 12 : Header|Profile

Fig. 14 (above) : Smooth invert|Custom 1D-gradient
velocity profile for profile WAVE_P

Fig. 15 (right) : Grid|Surfer plot Limits for profile
WAVE_P
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Fig. 16 : WET Tomo|Interactive WET tomography main dialog for WAVE_P (left). Edit velocity smoothing (right).

Fig. 17 : WET Tomo|Interactive WET tomography main dialog for WAVE_SH (left). Edit velocity smoothing (right).
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Fig. 18 (left) : Grid|Surfer plot Limits for line
WAVE_SH
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Fig. 19 : WET wavepath coverage plot line WAVE_P obtained with Fig. 1. Unit is wavepaths per pixel.
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Fig. 20 : WET wavepath coverage plot line WAVE_SH obtained with Fig. 2. Unit is wavepaths per pixel.

See also our original tutorittps://rayfract.com/tutorials/poisson.paitated in 2004 and edited in 2009.

Here is the Dropbox linkttps://www.dropbox.com/s/q986gnnda4927hn/WAVE_R?dk0to profile folder for
line WAVE_P .

Here is the Dropbox linkttps://www.dropbox.com/s/vb4t8cgnh3wavIix/WAVE_Ski2?dI=0to profile folder
for line WAVE_SH .

Plot reciprocal traveltime picks on shot-sorted trae gathers for lines WAVE_P and WAVE_SH

Next we show how to plot your reciprocal traveltipieks on shot-sorted trace gathers. This lets quaality-
control your first break picks and check the vajidof your recording geometry specification (shtdtion
numbers and receiver station numbers). See (Whitgleet al. 2020) : Landslide monitoring using s8¢
refraction  tomography — The importance of incorfiacp topographic  variations at
https://www.researchgate.net/publication/339280163

selectTrace|Export reciprocal traveltime picks and updatatabase

click buttonSelect error fileand clickSavebutton (Fig. 23)

click buttonExport to .ERR

optionally check new optiofirace|Open Refractor|Shot CMP breaks with Shot gath
selectTrace|Shot gather

check new version 4.04 opti@isplay|Show reciprocal picks on Shot Gather

browse and zoom trace gathers with function keys& #1/F2 etc. as usual

navigate traces for current shot gather with arteftvand arrow-right keys

if a reciprocal pick was matched to the currentértnen this is plotted as a green dot on the trace
also we shovireciprocal Shot/ChanneindReciprocal offsetim]/CMHnN status bar at bottom of window if a
reciprocal pick is available in the .ERR file fbetcurrent trace

Fig. 21 shows reciprocal traveltime picks for plefWAVE_P. Fig. 22 shows reciprocal traveltime midkr
profile WAVE_SH.
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The Shot CMP breaks display was described by (Btut@87) : The Interpretation of Traveltime Fielos
Refraction Seismology dtttps://dx.doi.org/10.1111/].1365-2478.1987.tb00855 First breaks for shot-sorted
traveltime curves are displayed at CMP stationtjfmo®s instead of receiver station positions.

Fig. 21 : Trace|Shot gather (left). Red crosses are your traveltime picks. Green dots are your reciprocal picks
matched to traces via Trace|Export reciprocal errors and update database. Refractor|Shot CMP breaks (right).

Fig. 22 : Trace|Shot gather (left). Red crosses are your traveltime picks. Green dots are your reciprocal picks
matched to traces via Trace|Export reciprocal errors and update database. Refractor|[Shot CMP breaks (right).

Fig. 23 : Trace|Export reciprocal errors and
update database .

Increase parameter Reciprocal CMP interval
for wide shot spacing to 1.0 or 2.0 station
numbers so approximately reciprocal trace
pairs can still be determined. This may not
work in case of strong topography or with
strongly undulating refractors.
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Fig. 24 : click Yes button to force profile start / first
receiver station number at station no. 1.

For compatibility with older profiles and tutorials and old
COORDS.COR files which assume first profile receiver
at station no. 0 click No button.

Alternatively force the first receiver station in
Header|Profile dialog. Do this before importing any
shots via File|Import Data dialog.

Extract 1D vertical slice from Poisson’s ratio gridto ASCII text file

Next we show how to extract a 1D vertical slicenfrour POISSON.GRD grid file and how to plot thistical
slice as a graph in Surfer using our Rayfract®ieers.03 software released in March 2026 :

in Windows Explorer navigate into foldenrRAY32\WAVE_SH\GRADTOMO

copy file VELOIT50.PAR t0 POISSON.PARIN the same folder

selectGrid|Export grid file to ASCII .TXT

click topmost buttorSelect grid fileand select:\RAY32\WAVE_SH\GRADTOMO\POISSON.GRD
edit the .TXT filename displayed besides butBabect . TXT filéo end in.\POISCENTR.TXT
click radio buttorExport velocities for central grid column only fdownhole VSP plot
click buttonExport to .TXT

the 1D vertical grid slice is exported to fitaRAY32\WAVE_SH\GRADTOMO\POISCENTR.TXT

ONoGk~WDNE

Fig. 25 : select Grid|Export grid file to ASCIL.TXT . Edit as shown and click button Export to .TXT .
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View extracted Poisson’s ratio slice as text filmiMS Notepad and plot as graph in Surfer 11

©CoNoTOrWNE

in Windows Explorer navigate into foldenRAY32\WAVE_SH\GRADTOMO

right-click file C:\RAY32\WAVE_SH\GRADTOM\POISCENTR.TXT

selectOpen withandNotepadto view the text file contents. See Fig. 26.

check new 5.03 optio@rid|Plot downhole VSP interval velocity only witbbtomogram
select commanérid|Select VELOITXY .TXT for downhole VSP interedbcity plot
navigate intaC:\RAY32\WAVE_SH\GRADTOMdolder

select the exported fileoISCENTR.TXT and clickOpenbutton

selectGrid|Surfer plot Limits

setMin. velocityto 0 m/s and séflax. velocityto 10 m/s. See Fig. 27.

10 setX Scale lengthio 2 inches and s&t Scale lengtho 3 inches. See Fig 27.
11. click buttonRedisplay gricand select:\RAY32\WAVE_SH\GRADTOMO\POISSON.GRIOO obtain Fig. 28

Fig. 26 : view C:\\RAY32\WAVE_SH\GRADTOM\POISCENTR.TXTin Microsoft Notepad text editor

Fig. 27 : select Grid menu command Surfer plot Limits . Set Min.
velocity to 0 m/s and set Max. velocity to 10 m/s. Set X Scale
length to 2 inches and set Y Scale length to 3 inches.

Click button Redisplay grid and select
C:\RAY32\WAVE_SH\GRADTOMO\POISSON.GRDto obtain Fig.
28.
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Format Poisson’s ratio 1D slice as graph in GoldeBoftware Surfer 11

left-click on Surfer 11 icon in Windows 7/10/11 kkaar
selectView|Managers|Object Manager

selectView|Managers|Property Manager

in Surfer Object Managetlick onMap label at top left.

in Surfer Property Managetlick onLimits tab at bottom left. See Fig. 28.
setxMin to 0.3 and setMax to 0.6. See Fig. 28.

in Surfer Property Managetlick onScaletab at bottom left. See Fig. 29.
uncheck boXProportional XY scaling See Fig. 29.

in X Scalesection seMap units per in.to 0.4 and sdtength (page units}o 0.750 in

CoNooA~WNE

Fig. 28 : in Surfer Object Manager frame (top left) click on Map label. In Property manager frame (bottom left) click on Limits
tab. Set xMin to 0.3 and set xMax to 0.6.

Fig. 29 : in Surfer Object Manager frame (top left) click on Map label. In Property manager frame (bottom left) click on Scale tab.
Uncheck box Proportional XY scaling. In X Scale section set Map units per in. to 0.4 and set Length (page units) to 0.750 in.
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Edit labeling of the x/y axes for our Poisson’s rab plot in Golden Software Surfer 11

left-click on Surfer 11 icon in Windows 7/10/11 kbar

selectView|Managers|Object Manager

selectView|Managers|Property Manager

in Object Managemwindow left-click Left Axis label

in Property Managewindow left-clickGeneraltab. See Fig. 30.

edit field Title textto “Elevation (m)” without the enclosing “” andg®s return or enter key
in Object Managemwindow left-click Top Axislabel

in Property Managewindow left-click Generaltab

edit field Title textto “Poisson’s ratio (line center)” without the érging
Fig. 30.

CoNoOA~ONE

and press return or enter. See

Fig. 30 : edit left axis title and top axis title. See above steps 1. to 9.

We thank Dr. Anibaldi at Methodo s.r.l. for makiagailable in 2004 above consistently picked .AS@fifas.

Copyright © Intelligent Resources Inc. 2004-2026.r@yhts reserved.
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