TRA9002 Multiscale Steepest-Descent WET inversion Apr 2026 / scaled WDVS
frequency 100Hz-200Hz / grid cell size forced to 2.0m in Rayfract® 5.03 Standard :
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Fig. 1 : plot first 8 Steepest-Descent WET runs (20 WET iterations per run) for profile TRA9002 multiscale WET on one
page with new Grid menu command Plot multiple WET runs on one page available with our 5.03 Standard version.
Starting model for first WET run is our 1D-gradient grid file obtained with Smooth invert/WET with 1D-gradient initial
model (Fig. 12). See Fig. 4 to Fig. 7 for WET and WDVS settings used. See Fig. 10 for Grid|Surfer plot limits used. See
Fig. 11 for Header/Profile settings used.

As shown in Fig. 1 and in Fig. 2 our new Grid menu command Plot multiple WET runs on one page
available with our 5.03 Standard version allows visualizing multiple runs in one Surfer plot. This multiscale
plot enables easy comparison of multiple WET runs (here 20 Steepest-Descent WET iterations per run) and
allows to visually determine how well the multiscale WET inversion is working with your current WET
and WDVS settings. Observe the decreasing RMS error shown in red in each plot’s caption, with
increasing run number as shown in each plot’s title. See also our 2025 expanded abstract at
https://rayfract.com/pub/geoconvention2025 abstract.pdf and https://rayfract.com/tutorials/tra9002.pdf and
https://rayfract.com/tutorials/TRA9002_resolution_test.pdf and https://rayfract.com/SAGEEP10.pdf .




WET run 1 initial GRADIENT.GRD WET run 5 initial RUN4IT20.GRD

6] 100 200 300 400 6] 100 200 300 400
RMS error 1.9%=2.30ms 20 WET itr. 20Hz Width 30.0% RMS error 1.3%=1.63ms 20 WET itr. 32Hz Width 15.0%
WET run 2 initial RUN1IT20.GRD WET run 6 initial RUN5IT20.GRD

900

850

800

0 100 200 300 400 0 100 200
RMS error 1.6%=1.98ms 20 WET itr. 23Hz Width 26.0% RMS error 1.3%=1.56ms 20 WET itr. 34Hz Width

WET run 3 initial RUN2IT20.GRD
900

850

800
Q 100 200 300 400 Q 100 200 300 400
RMS error 1.5%=1.84ms 20 WET itr. 26Hz Width 22.0% RMS error 1.2%=1.51ms 20 WET itr. 36Hz Width 10.0%
WET run 4 initial RUN3IT20.GRD WET run 8 initial RUN7IT20.GRD

0 100 200 300 400 0 100 200 300 400
RMS error 1.4%=1.72ms 20 WET itr. 29Hz Width 18.0% RMS error 1.2%=1.48ms 20 WET itr. 38Hz Width 8.0%

Fig. 2 : WET wavepath coverage plots obtained with Fig. 1. Unit is wavepaths per grid cell.

# | Invalid velocity grid file selected for first WET run ! ﬁ
j,  Invalid velocity gri file Fig. 3 : error prompt when you select a VELOITXY.GRD file not
?‘\r?yﬂ\:’lE,TID\NloleRegr4\WETRUN2\VELOH62-GRD selected located in .\WETRUNT1 folder with our Grid/Plot multiple WET
or st WET run' runs on one page command available with our 5.03 Standard
Select a VELOITXY.GRD file in folder version.

DiAray32\1_1D\LAYRTOMO\WETRUNLI or in folder
D:\ray32\1_1D\GRADTOMO\WETRUNL1 or in folder
Di\ray32\1_1D\TOMO\WETRUNL or in folder
D:\ray32\1_1D\HOLETOMO\WETRUN1 !

To generate these WETRUN folders first enable multirun WET in
WET Tomo, Interactive WET with Tterate’ button : check box 'WET
runs active’ and click OK. Then click 'Start tomography
processing' !




Edit WDVS (Zelt & Chen 2016)
Editp for dependent velocity smoothing
™ e WV rward i deing eTravalimes Fig. 4 : Model/[WDVS Smoothing dialog with settings used to
¥ fastWDVS: less accurate mapping of scan line nades to grid nades obtain Fig. 1. Edit as shown. Note the new 5.03 option Scaled

frequency.

[+ add nodes once only with overlapping scan lines for velocity averaging
[+ add all velocity nodes within WDVS area with radius of one wavelength
[ pad WDVS area border with one grid cell

[

‘ Angle increment between scan lines 7 [Degree]
Regard nth nede along scan line 3 [node]
WDVS frequency at grid bottom 100.00 [Hz]
WDVS frequency attopography 200.00 [Hz]
Scale WDVS frequency between above frequencies or constantfrequency

(" Constant bottom frequency (® Scaled frequency

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

1] 1|
b: Cosine-Squared power 1.000 [power]
Modify WET smoothing mode : discard after forward modeling
@ discard WET smoothing and WDVS smoothing after modeling
(" restore WET smoothing and discard WDVS smoothing only

OK Cancel Reset
F
Edit WET Wavepath Eikonal Traveltime Tomography Parameters Edit WET Tomography Velocity Smoathing Parameters
Specify initial velocity model Determination of smoothing filter dimensions
Select | | C\RAY32\ TRAS002\GRADTOMO\GRADIENT GRD (" Full smoothing after each tomography iteration

(" Minimal smoothing after each tomography iteration

Stop WET inversion after ’ .
(@ Manual specification of smoothing filter. see below

Number of WET tomography iterations 2 iterations

[” orRMS error gets below 2 percent | Smoothing filter dimensions

| orRMS error does notimprove forn = 20  iterations Ha\fsmoom?ng ﬁ“-e’W\(.jm : W
I~ orWET inversion runs longer than minutes et 3| e o

Suppress artefacts below steep topograph
WET regularization settings PP PIDPOGIIRY:

Jddd 1A

[+ Adapt shape offilter. Uncheck for better resolution.
Wavepath frequency Hz
Ricker differentiation [-1:Gaussian-2:Cosine] : times Maximum relative velocity update after each iteration
Wavepath width [percent of one period] percent lterate Maximum velocity update 1500 percent
‘Wavepath envelope width [% of period] percent Smooth after each nth iteration only
Min. velocity 10 Max velocity mjsec Smooth nth iteration : n= 3 iterations
Width of Gaussian for one period [SD] : sigma Smoothing filter weighting
: ® Gaussian (" Uniform [” No smoothing
Gradient search method
@ SteepestDescent (" Conjugate Gradient Used width of Gaussian 20 [SD]
Conjugate Gradient Parameters Uniform central row weight 10 [1.100]
CG iterations 10 Line Search iters. 2 Smooth velocity update before updating tomogram
lomnte 0001 e G earehml ~ ooolo [v Smoothupdate |+ Smoothnth [+ Smooth last
Initiz| step 0.10 =] Damping of tomogram with previous iteration tomogram

| Damping [0.1] 0000 [

Starttomography processing ‘ Reset Cancel | Accept parameters ‘ Reset parameters |

Editvelocity smoothing Edit grid file generation

Fig. 5 : WET Tomo|Interactive WET Tomo main dialog (left). Click button Edit velocity smoothing (right). Edit as shown.
Click button Accept parameters. Click button Ilterate and edit as in Fig. 6. Click button Start tomography processing
to obtain WET runs shown in Fig. 1 and Fig. 2.
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|_-1

[ Resume currentrun

Current run no.

Fig. 6 : in WET Tomo|Interactive WET dialog
(Fig. 5) click Iterate button to show this
multirun WET schedule dialog. Edit as
shown. Click button OK. In Fig. 5 click button
Start tomography processing to obtain WET
runs shown in Fig. 1.

Run1 | 300 | Ly | 2 [ Blank
Run2 | 230 | 260 | 11304 | 20 [ Blank
Rz | %0 [ 20 4@ | 20 [~ Blank
Run4 | 290 | 18.0 | 6.207 | 20 [ Blank
Runs | 320 | 150 | 4688 | 20 [~ Blank
Run6 | 340 | 120 | 3529 | 20 [ Blank
BT | 360 | 100 | 2778 | 20 [ Blank
Rng | 380 [ 80 [ 2705 | 20 [ Blank
Run9 | 400 | 70 | 1.750 | 20 [ Blank
Run 10 | 420 | 60 | 1429 | 20 [~ Blank
Blank below wavepath envelope

{ | Blankaftereachrun | Blank after last run
Blank

v Write

v Update imaged grid depth

¥ Scale wavepath width

v Scale WET filter height

v

Disable wavepath scaling for short profile

Limit WET velocity to maximum velocity in initial model
Limit WET velocity to 6,000 m/s
v Edit maximum valid WET velocity

Safe line search with bracketing and Brent

¥ Hybrid Conjugate Gradient update formula
Alternate coverage update during Conjugate Gradient inversion
Use full Steepest Descent step for Conjugate Gradient

Disable traveltime grid caching

v Force RAM allocation
Enable AWE physical memory page caching
Cache AWE receiver grids in local memory
Large local cache for AWE receiver grids
Unmap AWE allocation during WET
Enable multi-core heap

Don't show progress bar dialog
Reset WET tomography settings to default

» Interpolate missing covererage after last iteration
N Don't extrapolate grid rows
Extrapolate tomogram over 30 station spacings

Blank no coverage after each iteration
v | Blank no coverage after |ast iteration
Blank no coverage on top of borehole tomogram

Blank low coverage after each iteration
Blank low coverage after last iteration

Blank below envelope after each iteration
Blank below envelope after last iteration

Blank outside borehole tomogram
Pad boundary polygon for borehole tomogram blanking

Don't blank above topography

Regard negative shot depth

Fig. 7 : WET Tomo/WET tomography Settings used to obtain Fig. 1 and Fig. 2

Unzip the .RAR archive with TRA9002 profile folder / database files for Fig. 1 in root folder C:\Ray32 :

https://www.dropbox.com/scl/fi/kfuns75w8jzb2tnr3etag/TRA9002_seis32 ScaledWDVS_Apr9_2026.rar?r

lkey=cc7¢s83diz96b3kOh3fwmnwe 1 &st=3vy9c3ob&dl=0

Here is the .RAR archive for C:\Ray32\TRA9002\GRADTOMO subdirectory containing WET runs shown

in Fig. 1:

https://www.dropbox.com/scl/fi/xkxrd6oam5xjpx1ehreb7/TRA9002_GRADTOMO_ ScaledWDVS_Apr9

2026.rar?rlkey=vz0sxpvayq3ifg8g1ij2hsf3mx&st=plnzclgn&dl=0

To obtain our default Smooth inversion output shown in Fig. 8 and Fig. 9 select Smooth inverti WET with

1D-gradient initial model .
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Fig. 8 : Smooth invert/WET with 1D-gradient initial model with WDVS and WET settings shown in Fig. 4 and Fig. 7.
Interactive WET Tomo (Fig. 5) and multiscale WET (Fig. 6) parameters are not regarded for our Smooth inversion. See
Fig. 10 for Grid/Surfer plot limits used. See Fig. 11 for Header|Profile settings used. The 1D-gradient initial model
obtained and used with Smooth invert/WET with 1D-gradient initial model is shown in Fig. 12.
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Fig. 9 : WET wavepath coverage obtained with Fig. 8. Unit is wavepaths per grid cell.
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Edt Surfr pio it

PTG imTs “ Fig. 10 : Grid/Surfer plot Limits used for Fig. 1 and Fig. 8. Edit as

[v Piotiimiis acivel | Use data limits shown.
Min. offset ’w [m] SR
Max offset 490480 [m] Reset
Min. elevation ’m [m] Resetto grid
Max elevation 905.000 [m] Redisplay grid
Min. velocity ’W [mfsec]

Max. velocity ’W [mfsec]

Plot Scale
[~ Proportional XY Scaling

[” Page unit centimeter. Uncheck for inch.

X Scale length 6.000 [inch]
Y Scale length 3.000 [inch]

Color Scale

[+ Adaptcolor scale

Scale height 3.000 [inch]
Velocity interval 500 [mfsec]
Coverage interval 5 [paths/pixel]

Receiver labeling

First station 1 [stationno]

Station interval 10 [stationno]

[ Use station index or station no. offset




Line ID [TRAS002] § ) ) .
) Date Fig. 11 : Header|Profile dialog. Edit as shown to force the
Line type IReﬁacmn spread/line LI N . . .
tme [ grid cell size to 2.0m. Then select Smooth invert/WET with
ecElE | 1D-gradient initial model to obtain Fig. 8 and Fig. 9.
Instrument I -~ Time of Processing
Date
Client [
Time |7
Company I
Ohecmey I Units | meters vl
Note ~ Sort  |As acquired - I
S Const
Station spacing [m] 504609 | Lefthanded coordinates

Min. horizontal separation [%] 25
Profile start offset [m] 0.0000

[* Force grid cell size Cell size [m] 2.0000 ‘
Force first receiver station number for profile ‘

||
’7Firsl receiver [station number] 1 [¥ Force firstreceiver

Ema polate starting models and WET
Emapolate [station spacings] 30 [~ Extrapolate tomograms ‘

Add borehole lines for WET ph

Borehole 1line Select I
Borehole 2 line Select I
|
|

Borehole 3 line Select
Borehole 4 line Select

I Cancel | Reset

= o ———— —

TRA9002 RMS error 8.8%=10.85ms 1D-Gradient smooth initial model v. 5.03
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Fig. 12 : 1D-gradient starting model obtained by laterally averaging the pseudo-2D DeltatV inversion results (Sheehan
2005 and Rohdewald 2026). Select Smooth invert/WET with 1D-gradient initial model to obtain this starting model.
When prompted to continue with WET inversion click Yes button to obtain Fig. 8 and Fig. 9.
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