Marine_L.03 tutorial written Nov 2025 using Rayfract® Pro version 5.02.

Plot first 8 WET runs for MARINE L03 Steepest-Descent multiscale WET on one page

with latest Rayfract® 5.02 Pro / Nov 2025 :

WET run 1initial GRADIENT.GRD
183 555 814 1143 1422 1776 2056

WET run 5initial RUN4IT20.GRD
183 555 814 1143 1422 1776 2056
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RMS error 0.7%=0.41ms 20 WET itr. 20Hz Width 30.0%
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183 555 814 1143 1422 1776 2056

200 400 600 800 1000
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Fig. 1 : plot first 8 Steepest-Descent WET runs (20 WET iterations per run) for profile MARINE_LO3 multiscale WET on
one page with new Grid menu command Plot multiple WET runs on one page available with our 5.02 Pro version.
The laterally averaged 1D-gradient starting model for first WET run is shown in Fig. 6. For interactive WET Tomography
settings see Fig. 21. For multirun WET schedule see Fig. 22. For WDVS settings see Fig. 14.

As shown in Fig. 1 and in Fig. 2 our new Grid menu command Plot multiple WET runs on one page
available with our 5.02 Pro version allows visualizing multiple runs in one Surfer plot. This multiscale plot
enables easy comparison of multiple WET runs (here using 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 monotonically 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
available at https://rayfract.com/pub/geoconvention2025 abstract.pdf and our other marine refraction
profiles at https://rayfract.com/tutorials/SR6 multiplot.pdf and https://rayfract.com/tutorials/SR6.pdf and
https://rayfract.com/tutorials/L.-230 VS.pdf . See page 10 for step-by-step instructions with multirun WET
settings shown in Fig. 21 and Fig. 22. For WDVS settings see Fig. 14.
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WET run 1 initial GRADIENT. GRD

WET run 5 initial RUN4IT20.GRD
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Fig. 2 : WET wavepath coverage plots obtained with Fig. 1. Unit is wavepaths per grid cell.

07 Invalid velocity grid file selected for first WET run !

Page no. 2

y Invalid velocity grid file
A R e T\ Stack240Cross3OSTACK240CRO530.GRD Fig. 3 : error prompt when you select a VELOITXY.GRD file not located
in .\WETRUNT1 folder with our Grid/Plot multiple WET runs on one

Select a VELOITXY.GRD file in folder . . .
page command available with our 5.02 Pro version.
CARAY3Z\Marine_LOS\LAYRTOMOYWETRUNT or in folder
CARAYI2\Marine_LOS\GRADTOMOYWETRUNT or in folder
CHRAYIZ\Marine_LOS\TOMO\WETRUM1 or in folder
C:\RAY3Z\Marine_LOS\HOLETOMO\WETRUN1 !

To generate these WETRUN folders first enable multirun WET
in WET Tomo, Interactive WET with ‘Iterate’ button : check box
“WET runs active’ and click OK. Then click "Start tomography
processing’ !
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Marine LO3 RMS error 0.4%=0.23ms 20 WET itr. 20Hz Width 3.5% initial GRADIENT.GRD v. 5.02
183 555 814 1143 1422 1776 2056
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Fig. 4 : 20 Steepest-Descent WET iterations using 1D-gradient starting model (Fig. 6). Discard WET smoothing (Fig. 14).
Manual WET smoothing filter : half-width 15 columns, half-height 15 rows. Gaussian Smoothing filter weighting : Used
width of Gaussian set to 1.5SD. Grid cell size forced to 0.5m in Header, Profile (Fig. 11). Starting model shown in
Fig. 6. Fig. 10 shows misfit for one shot gather and for shot-sorted traveltime curves.

Edit WET Wavepath Eikonal Traveltime Tomography Parameters Edit WET Tomography Velocity Smoothing Parameters
r— Specify initial velocity model — Determination of smoothing fiter dimensions
Select || C:ARAY32\Marine_L034GRADTOMOVGRADIENT GRD " Full smoothing after each tomography fteration

" Minimal smoothing after each tomography iteration
* Manual specification of smoothing fiter, see below

— Stop WET inversion after

Number of WET tomography terations : iterations

— Smoothing fiter dimensions

Half smoothing fitter width I 15 columns
Half smoothing fitter height : I 15 grid rows

— Suppress artefacts below steep topography
T | v Adapt shape of fiter. Uncheck for better resolution.

[~ or RMS emor gets below percent

I~ or RMS emor does not improve forn = iterations

[~ or WET inversion runs longer than minutes

—WET regularization settings

LI

Wavepath frequency : Hz
Ricker differentiation [-1:Gaussian,-2:.Cosine] limes — Maximum relative velocity update after each iteration
Wavepath width [percent of one period] - 35 percent terate Maximum velocity update : lﬁ percent
Wavepath envelope width [% of period] : 0.0 percent — Smoath after each nth fteration only
Min. velocity 10 Max. velocity 6000 m/sec. Smooth nth iteration : n = I—‘I iterations
Width of Gaussian for one period [SD] : I—ED sigma e e i
—— % (Gaussian " Unform [ No smoothing
% Steepest Descent " Conjugate Gradient ‘ Used width of Gaussian 15 [SD]
Conjugate Gradiert Parameters Unifarm central row weight 10 [1.100]
CG iterations 10 Line Search iters. I—2 — Smooth velocity update before updating tomogram
Toleance 0.001 e lm ¥ Smoothupdate [~ Smoothnth W Smooth last
Initial step 010 [ Steepest Descent step r— Damping of tomogram with previous iteration tomogram ——
Edit velocity smoothing | Edit grid file generation | Damping lw I™ Damp before smoothing
Start tomography processing | Beset | Cancel | Accept parameters | Reset parameters I

Fig. 5 : WET Tomo, Interactive WET settings for Fig. 4. Wavepath frequency lowered to 20Hz from default 50Hz for this
long line. Manual WET smoothing filter : half-width 15 columns, half-height 15 rows. Gaussian Smoothing filter
weighting : Used width of Gaussian set to 1.5SD. Ricker differentiation left at default setting of -1 [Gaussian] for
Gaussian WET update weighting across each WET wavepath. Compare with Fig. 21 settings.
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Marine LO3 RMS error 3.8%=2.20ms 1D-Gradient smooth initial model v. 5.02
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Fig. 6 : select Smooth invert, WET with 1D-gradient initial model to obtain this laterally averaged DeltatV starting
model (Gawlas 2001, Sheehan 2005, Rohdewald 2025) for Fig. 4. Also used as starting model for Fig. 1 multirun WET
inversion described on page 10 / with settings shown in Fig. 21 and 22.

Marine LO3 RMS error 1.2%=0.66ms DeltatV initial model artefacts ! v. 5.02
183 555 814 1143 1422 1776 2056
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Fig. 7 : interactive DeltatV+layered XTV starting model (Gawlas 2001, Rohdewald 2025). See Fig. 8 and Fig. 9 for DeltatV
and XTV settings. See Fig. 25 for Steepest-Descent multiscale WET inversion (Schuster 1993) using this starting
model.

Parameters for DeltatV method KTV Parameters dialog
Left : Fig. 8 : DeltatV, Interactive DeltatV for Fig.
CMP curve stack width [CMPs] I [24(] I {Enable Modfied Dix layer inversion: 7 g ’ g
Regression over offset stations I 5 ~ Intercept time layer inversion —————————————— '
Eromre—o i ¥ Enable Intercept time layer inversion . i
Minimum velocity ratic [ 105 o Right : Fig. 9 : DeltatV, XTV parameters for
' |east squares " least deviations i i
Minmun velocty ncrease - | 100 s constant-velocity layers for Fig. 7 (Gawlas 2001,
Weathering sub-ayer count I 3 Rohdewald 2025)
Maimum valid velocity [m/sec.] 6000 — Multiple adjacant Intercept time |ayer inversion
Process all CMP curves ¥ Mlow adiacent Intercept layer inversion
’V(: process al CMP € skip every 2nd QOverlying layer velocity step : l—ﬂ percent
Shat & Recwvr spacing [Stations], CHPs/Racyr Current layer velociy step I 25 percent
“ 559 | 1.0 | 15 | [¥ Prefer measured layer top velocity over inverted
Static Comections I Export Options I Keep XTV for Auto DeltatV or force to Gradient model
’]7 Use above XTV settings for Automatic DettatV —‘
DeltatV Inversion I Beset I Cancel I

Gradient model | Layermodel |

Accept Cancel |
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®P Rayfract® Pro 5.02: profile C:\RAY32\Marine_L03\SEIS32 - [Shot traces : shot no. 23 (original input file : LO3 DATA.VS)] - a x
File Header Processing Display Trace Smoothinvet WETTomo Grid Model Refractor Depth Velocity DeltatV Window Help
3 Shot traces: shot no. 23 (original input file ; L3 DATAVS) (===
Station Number
1520 1540 1560 1580 1600 1620 1640 1660 1680 1700 1720
SR ' R | ' AN . | .
10 10
20 20
2 30 . 0 3
o 40 4 40 2
E 50 5 3
60 60
70 70
. . L ! . . o . | .
1520 1540 1560 1580 1600 1620 1640 1660 1680 1700 1720
Station Number
= =®=]
Station Number
400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
A0 o
20
i =
B f%0 3
o 40
£ so 2
60
70
400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
Station Number
Station 160500 Trace 101 Shot 23 Channel 101 Time 30300 Sample 387 Amplitude 0 Zoom 2 Reciprocal Shot/Channel 24/101 Reciprocal offsetfm}/CMP  52.00/ 155300 Use left/right/up/down arrow keys to move cursor. Space bar picks trace. ALT+Z deletes pick.

Fig. 10 : Top : Trace/Shot gather. Bottom : Refractor/Shot breaks. Shows fit between picked times (solid colored curves,
red crosses) and modeled times (dashed colored curves, blue dots) for Fig. 4 WET tomogram. Green dots are your

reciprocal picks.

Edit Profile
Time of Acquisition
el  [IEGEIE d
. Date
Line type Refraction spread/line
ww [ LT
Instrument ,7 Time of Processing
Date
Cliert —
Time
Company ’7
Observer ,7 Units  |meters -
MNote Sott | As acquired -

——

Station spacing [m] 0.50000
Min. herizontal separation [%] 25
Profile start offset [m] 0.0000

Cell size [m]

Const

[ Left handed coordinates

¥ Force gnd cell size

0.5000
Force first receiver station number for profile
First receiver [station number] 0
Extrapolate starting models and WET tomograms
Extrapolate [station spacings] 60
Add borehale lines for WET tomography
Borehole 1line Select [
Borehole 2 line Select |

I™ Force first receiver

¥ Extrapolate tomograms

Borehole 3 line Select
Select

Cancel

Borehole 4

o]

Reset ‘

Fig. 11 (left) :

Header|Profile . Set Station spacing to 0.5m. Check

Force grid cell size. Set Cell size to 0.5m. Check Extrapolate
tomograms. Set Extrapolate [station spacings]to 60. Click OK.
Before importing the Geometrics Plotrefa .VS uncheck File, Import
data Settings, Adjust profile station spacing. See Fig. 12 below.

Allow missing traces for SEG-2, SEGY, Seislmager 'S, SeisOpt, Gremix and .3DD
> Assume regular/equidistant receiver spacing

X coordinate is corrected for topography already

~*  Default distance unit is meter
Get distance unit from user
~  Default time unit is seconds
Keep same Sample count for consecutive shot trace files
» Profile start is default layout start
~  Default layout start is 1

> Import horizontal borehole survey
Import circular borehole survey

Import vertically bent refraction line over vertical cliffs

Adjust profile station spacing
> Check all shots for station spacing

~  Adjust Receiver station coordinates

Match .LST traces by station number
Round shat station to nearest whole station number

» Allow shot inline offset from shot station larger than two spacings
Extrapolate receiver line coordinates

+/ Use bent line inline offset for shot pos. and layout start

Reset all Import Data settings to default value

T

16
ser

A

Fig. 12 (right): File, Import data Settings. Uncheck option Adjust profile station spacing before importing the Geometrics
Plotrefa .VS file via File/Import Data dialog as shown in Fig. 13.

Marine_LO3 tutorial written Nov 2025 using Rayfract® Pro version 5.02.
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Import shots

(Geometrics Platrefa VS -
Input directory : select one data file. All data files will be imported

seect | | CARAY32\Marine_LO3\NPUTY

Take shot record number from - Record number j

Import data type

Optionally select HDR batch file and check Batch import
HDRbatch | |

‘Wirite .HDR batch file listing shots in input directory

Output HOR] |

Page no. 6

Fig. 13 (left) : File, Import Data. Set Import data type to Geometrics Plotrefa
.VS. Click Select button and select file L03 Data.Vs in your .\INPUT folder.
Leave Default spread type at 10: 360 channels. Edit as shown and click

button Import Shots.

Edit WDVS (Zelt & Chen 2016)

Edit parameters for wavelength-dependent velocity smoathing

I use WOVS forforward modeiing of travelimes

[v fast WDVS :less accurate mapping of scan line nodes to grid nodes

™ Wiite .HDR only

Overwrite existing shot data ™ Batchimport I add all velocity nodes within WDVS area with radius of one wavelength
@ Overwite all " Prompt ovenwriting ™ Limit offset
[~ pad WDVS area border with one grid cell
Maximum offset imported [station nos.] 1000.00
Default shot hole depth [m]  Default spread type WDVS frequency 300.00 [Hz]
0.00 10: 360 channels i~
‘ J Angle increment between scan lines 7 [Degree]
Target Sample Format “IE—bit fixed point j
Regard rth node along scan line 3 [node]
[ Tum around spread during impart ™ Reverted spread layout
I Corect picks for delay time fuse e.g. for .FIK files) Parameters for Cosine-Squared weighting function (Chen and Zett 2012)
Default sample interval [msec] | 0.100000000 [~ Force sample interval a : Cosine argument power 1.000 [power]
Default sample court 20000 I Force sample count b : Cosine-Squared power 1.000 [power]
Import shots | Cancel import ‘ Reset import

[™ Import shots and wite .HOR
[# add nodes once only with overdapping scan lines for velocity averaging

Modify WET smoothing mode : discard after forward modeling

¥ discard WET smoothing and WDVS smoothing after modeling

" restors WET smocthing and discard WDVS smoothing onty

OK | Cancel | Reseat |

Fig. 14 (right) : Model, WDVS Smoothing. Click radio button discard WET smoothing and WDVS smoothing after
modeling and click OK.

To create the profile database, import the data and browse the imported shots do these steps :

Marine_LO3 tutorial written Nov 2025 using Rayfract® Pro version 5.02.

FilelNew Profile..., set File name to MARINE_L03 and click Save button

in the prompt shown next (Fig. 15) click No button to determine Profile start / first receiver station
number by dividing the first receiver position in the .VS file by our Station spacing (Fig. 11)

in Headerl|Profile... select Line type Refraction spread/line . Set Station spacing to 0.5 m (Fig. 11).
in Header|Profile... check box Force grid cell size and set field Cell size [m] to 0.5m (Fig. 11)

check box Extrapolate tomograms and set field Extrapolate [station spacings] to 60. See Fig. 11.
download archive https://rayfract.com/tutorials/Marine 1.03.zip . Open Windows Explorer and copy
Marine_L03.zip into folder c: \Ray32\MARINE_LO3\INPUT. Unzip here to obtain the .03 Data.vs.
uncheck option Filellmport Data Settings|Adjust profile station spacing. See Fig. 12.

select Filellmport Data... and set Import data type to Geometrics Plotrefa .vs. See Fig. 13.

click Select button and navigate into c: \RAY32\MARINE_LO3\INPUT

select file .03 pata.vs & click Open

leave Default spread type at 10: 360 channels

click Import shots button . When/if prompted to update the profile station spacing click No button.

in our Import shot dialog leave Layout start [station no.] and Shot pos. [station no.] as displayed for
each shot. Just click Read button to import the shot. Click Read button repeatedly to import all 37 shots
displayed.

select TracelShot gather to obtain Fig. 10

click on title bar of Refractor|Shot breaks window (Fig. 10 bottom) and press ALT+P. Edit Maximum
time to 80 ms & press ENTER key to redisplay. Repeat these steps for TracelShot gather window (Fig.
10 top).

browse shots in TracelShot gather window with F7/F8 (Fig. 10 top)

select Processing menu item Remove trigger jitter for all shots
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edit DeltatV\DeltatV Static corrections dialog (Fig. 16) : increase Basement crossover from 10 to 30
stations. Check box Keep above settings for Automatic DeltatV. Click button Accept. These steps are
required to enable our Smooth invert and DeltatV inversion to work for this profile.

# | Force first receiver at station number 1 ? [—

0 Do you want to force the first receiver at station number 1 for Fig. 15 : click No button to determine the first receiver station

this new profile ? number for this profile from the Geometrics Plotrefa .VS by
dividing the first receiver position in the .VS file by our
Header|Profile/Station spacing (Fig. 11).

Click Yes' button to confirm.

Click 'No’ button if the first receiver is at station number 0.

For compatibility with older profiles and tutorials and old

If you confirm with 'Yes' then we will force the first receiver

station to 1 in Header|Profile dialog. COORDS.COR files which assume first profile receiver at station
no. 0 click No button. For multi-spread profiles click No button
For compatibility with older profiles and tutorials and old and use our .HDR batch import options in Filejimport Data dialog
COORDSCOR les which assume fist profile feceiver at saton to generate the .HDR file. Next edit the .HDR file using MS
Notepad editor with corrected station numbers for Layout start
For multi-spread profiles dick No' button and use our.HDR and Shot pos. for all shots. Next use the edited .HDR batch file for

batch import options in File[Import Data dialog to generate the
.HDR file. Next edit the .HDR file using Notepad editor with
corrected station numbers for Layout start and Shot pos. for all
shots. Next use the edited .HDR batch file for import of all shots.

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.

Yes ‘ : No

Static first break corrections

What static comections

" No statics/regard shot offset and 3D offsets for all traces
" No statics/regard shot offset for near traces

Detemination of weathering velocity
™ Copy v from Station editor

* Astomatically estimate v0

Station number intervals [station nos.]
Basement crossover

Topography fitter

Trace weighting in CMP stack [1/stat.nos ]
Inverse CMP offset power 050

Keep above settings for Automatic DeltatV or reset to defaults
¥ Keep above settings for Automatic DeltatV/

Accept | Beset |

Fig. 16 : DeltatV, DeltatV Static corrections dialog. Increase Basement
crossover from default 10 stations to 30 stations. Check box Keep above settings
for Automatic DeltatV. Click Accept button.

I

Run default fail-safe Smooth inversion with 1D-gradient laterally averaged starting model :

check option GridlReceiver station ticks on top axis

check option GridlCS_CENTERED font for shot points and receivers to fix Surfer 11 symbol display.
edit Grid\Surfer plot Limits as in Fig. 19

select ModellWDVS Smoothing. Click discard WET smoothing and WDVS smoothing after modeling.
leave use WDVS for forward modeling of traveltimes unchecked (Fig. 14)

uncheck blanking option WET Tomol|Blank|Blank below envelope after last iteration

select Smooth invertiWET with 1D-gradient initial model

dismiss prompt Shot point spacing is much too wide (Fig. 20). This prompt is not relevant for marine
refraction recorded at continuous incremental positions with towed streamer and short Station spacing.
wait for the 1D-gradient starting model to display as in Fig. 6

confirm prompt to continue with WET inversion to obtain WET output as shown below in Fig. 17

Marine_LO3 tutorial written Nov 2025 using Rayfract® Pro version 5.02. Page no. 7



Marine_L.03 tutorial written Nov 2025 using Rayfract® Pro version 5.02. Page no. 8

Marine LO3 RMS error 0.3%=0.18ms 20 WET itr. 50Hz Width 3.5% initial GRADIENT.GRD v. 5.02
183 555 814 1143 1422 1776 2056
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Fig. 17 : Smooth invert/WET with 1D-gradient initial model. Discard WET smoothing in Model/WDVS Smoothing dialog
(Fig 14). Default WET smoothing. Grid cell size forced to 0.5m in Header, Profile (Fig. 11). Starting model shown in
Fig. 6.

Marine LO3 RMS error 0.3%=0.18ms 20 WET itr. 50Hz Width 3.5% initial GRADIENT.GRD v. 5.02

0 100 200 300 400 500 600 700 800 900 1000
Fig. 18 : WET wavepath coverage plot obtained with Fig. 17. Unit is wavepaths per pixel.

Edit Surfer plot limits

~ Plot Limit
¥ Pictiimis aclivel [~ Use data limits

0K I
in. offs 50000 =)
e s | Fig. 19 (left) : GriajSurfer plot Limits . Edit as shown and click OK .
Min. elevation m m Reset to grid
Max devation [ 5.000 Il Redisplay gnd

Win. velocty 1500 [m/sec]

Mooty [ ) B Shot point spacing is much too wide *
r~ Plot Scale
I Proporinal XY Scaing 4 The shot spacing of 59.00 receivers between shot points is
I™ Page unit centimeter. Uncheck forinch. /_& much too wide for meaningful interpretation of the data set.
X Scale length ,W fnch] Please record shots at more profile positions, such that the
shot spacing decreases to at least one shot per every 6.th
Y Scale length 3000 [nch]

receiver position.

rColorScale ————

¥ Adapt color scale

Scale height 325 finch]
Velocty interval 500 [m/sec]
Coverage 5 [paths/pixel]

e Fig. 20 (above) : warning prompt shown during Smooth invertfWET with 1D-gradient
First saton 100 etation no.] initial model. This prompt is not relevant for marine refraction data recorded at
Satonrteral | 100 faaton o] continuous incremental positions with towed streamer and short Station spacing.

[ Use station index or station no. offset
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Run interactive WET using default 1D-gradient starting model and manual WET smoothing :

Next we try to vary and improve the WET smoothing filter to minimize lateral positioning errors of
velocity anomalies at the bottom of the tomogram. These positioning errors are due to the fact that marine
refraction shots have been recorded by streamer in one direction only (Fig. 10 bottom) :

select WET TomollInteractive WET tomography

dismiss again the warning prompt shown in Fig. 20

edit WET main dialog as in Fig. 5 (left). Lower WET Wavepath frequency to 20Hz for this long line.
click button Iterate. Uncheck box WET runs active. Click button OK.

click button Edit velocity smoothing. Edit as in Fig. 5 (right).

click button Manual specification of smoothing filter

set Half smoothing filter width to 15 columns

set Half smoothing filter height to 15 rows

in frame Smoothing filter weighting click radio button Gaussian

set Used width of Gaussian to 1.5 SD (Standard Deviations)

click buttons Accept parameters and Start tomography processing

obtain the WET tomogram shown in Fig. 4

visually compare Fig. 4 with Fig. 17

at inline offset 500 m the basement fault is more vertical in Fig. 4 than in Fig. 17

at inline offset 1000 m the high-velocity anomaly at the bottom of the tomogram is moved to the left in
Fig. 4 compared to Fig. 17

Determination of smoothing fiter dimensions

Specify intial velocity model

CARAY32\Marine

Select |

Stop WET inversion after

Ricker differentiation [-1:Gaussian,-2:Cosine]

Wavepath width [percent of one period] :

Conjugate Gradient Parameters

0MGRADTOMCAVGRADIENT GRD

limes

percent lterate

[l |
=

daddtd L

Start tomography processing |

Reset

Cancel |

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

¥ Manual specification of smoothing fiter, see below

Mumber of WET tomography iterations iterations

I~ or RMS emor gets below percent Smoothing fiter dimensions

™ or RMS emor does not improve forn = iterations vl Sl'nDDth?ng f?her Wléth : 15| eokmns

™ or WET inversion runs langer than minLtes Falf smoctting fiterheight 15| s
Suppress artefacts below steep topography

1::?3i£|:e;1:lf::zt;z:ezﬂings Ha I¥ Adapt shape of filter. Uncheck for better resolution.

Maximum relative velocity update after each iteration

25.00 percent

Maximum velocity update :

Wavepath envelope width [% of period] : percent Smooth after each nth iteration only
Min. velocity 10 Max. velocity m/sec. Smooth nth teration :n = 1 fterations
Width of Gaussian for one period [SD] : sigma Smoothing filter weighting
{* Gaussian " Uniform ™ No smoathing
Gradient search method
{* Steepest Descent " Conjugate Gradient Used width of Gaussian 15 [SD]
Uniform central row weight 1.0 [1.100]

CG iterations |—1: Line Search iters. |—2 Smooth velocity update before updating tomogram

Tolerance ﬁ Line Search tol. W ¥ Smocthupdate [~ Smocthnth W Smooth last

Iritial step lj r Damping of tomogram with previous iteration tomogram
Edit velocity smoothing | Edit grid file generation | Dasd 0.000] 114

Accept parameters | Reset parameters

Fig. 21 : WET Tomo, Interactive WET settings for Fig. 1. Wavepath frequency lowered to 20Hz from default 50Hz for

Marine_LO3 tutorial written Nov 2025 using Rayfract® Pro version 5.02.

this long line. Ricker differentiation set to -2 : use Cosine-Squared WET wavepath update weighting for better

lateral resolution in the basement. Wavepath width increased to 8 percent. Manual WET smoothing filter : half-width
15 columns, half-height 15 rows. Gaussian Smoothing filter weighting : Used width of Gaussian set to 1.5SD.
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Edit WET runs - wavepath width

Run No. Freq. [Hz] Width [%] Width [ms] kerations

Blank below wavepath envelope
[~ Blank after eachrun [v Blank after last un

Run 1 BN [ 300[moo [ 2
Run 2 | 20.0 | 26.0 | 13.000 | 20
Run3 | 200 [ 220 [ 11000 [ 20
Rund | 200 | 18D 8000 [ 20
Rn§ | 200 | 80| 7500 [ 20
Run6 | 200 | 120 6000 [ 20
Run7 | 200 | 100 5000 [ 20
Run8 | 200 | 80| 4 | 2
Run® | 200 | 70| 3500 | 0
Run10 | 200 | 60| 3000 | 0

[ Blank
[ Blank
[~ Blank
[ Blank
[ Blank
[ Blank
[ Blank
[+ Blank
[+ Blank

v Blank

oK

ok |
Cancel
[ = |

Resst

¥ WET runs active
=
IV Plot runs in Surfer

I~ Prompt run misfit

Runs l—:

-

Current run l—:

IV Resume cument run
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Fig. 22 : WET Tomo, Interactive WET, Iterate
dialog settings used for Fig. 1. Edit WET runs as
shown. Click button Reset to lower the frequency
to 20Hz for all WET runs. Check box WET runs
active. Click button OK to confirm.

Multiscale WET using default 1D-gradient starting model and manual WET smoothing :

select WET TomolInteractive WET tomography
dismiss again the warning prompt shown in Fig. 20
edit WET main dialog as in Fig. 21 (left). Lower WET Wavepath frequency to 20Hz for this long line.
increase WET Wavepath width to 8 percent for this long line

change Ricker differentiation from default -1 to -2 for Cosine-Squared WET update weighting across

WET wavepaths for better lateral resolution in the basement

click button Edit velocity smoothing. Edit as in Fig. 21 (right).
click button Manual specification of smoothing filter
set Half smoothing filter width to 15 columns

set Half smoothing filter height to 15 rows

in frame Smoothing filter weighting click radio button Gaussian

set Used width of Gaussian to 1.5 SD (Standard Deviations) and click button Accept parameters
click button Iterate. Click button Reset to lower the frequency to 20Hz for all WET runs. See Fig. 22.
check box WET runs active. Click button OK.
click button Start tomography processing to obtain the § WET run tomograms shown in Fig. 1
visually compare the last WET run shown at bottom-right of Fig. 1 with Fig. 4

Fig. 1 shows better lateral resolution in the final WET run at bottom right. Also the RMS error of

0.19ms is lower than the RMS error of 0.23ms shown in Fig. 4.

e in our 5.02 Pro version select Grid|Plot multiple WET runs on one page and velocity grid file
C:\RAY32\MARINE_L03\GRADTOMO\WETRUN1\VELOIT20.GRD to obtain the multirun WET plot shown in
Fig. 1 and the multirun coverage plot shown in Fig. 2

Here is the DropBox .RAR archive link for this MARINE_LO03 profile folder :

https://www.dropbox.com/scl/fi/wd4qryigea8qoi9tiarir/Marine_1.03_Oct24_25.rar?rlkey=kdv1ced2uwoem

02bb9843yacq&st=mtddxr49&dl=0

Marine_LO3 tutorial written Nov 2025 using Rayfract® Pro version 5.02.
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Determine the pseudo-2D DeltatV+XTYV starting model (Gawlas 2001, Rohdewald 2025) :

e edit DeltatVIDeltatV Static corrections dialog (Fig. 16) : increase Basement crossover from 10 to 30.
stations. Check box Keep above settings for Automatic DeltatV. Click button Accept. These steps
required to enable our Smooth invert and DeltatV inversion to work for this profile.

e select DeltatVIXTV parameters for constant-velocity layers

o edit XTV Parameters dialog (Gawlas 2001, Rohdewald 2005) as in Fig. 9. Click button Accept.

o select DeltatViInteractive DeltatV. Edit as in Fig. 8. Set CMP curve stack width to 240. Click button
DeltatV Inversion.

e wait for the DeltatV inversion to complete and to display the DeltatV starting model (Fig. 7).

Output Measured CMP Velocities

v Output Horizontal offset of CMP pos. in meters
Output DeltatV results in Feet
Allow regression over two CMP traces

V|| cMP is zero time trace Fig. 23 : DeltatV|DeltatV Settings menu. Leave all
¥ | Reduced offset 0.0 is valid trace with time 0.0 options at their default setting as shown. For noisy first
n break picks optionally check option Suppress velocity
artefacts and optionally check Smooth CMP traveltime
curves to suppress artefacts in the pseudo-2D DeltatV
starting model (Fig. 7).

Enforce Monotonically increasing layer bottom velocity
Suppress velocity artefacts
Process every CMP offset
v Prefer Average over minimum interface velocity
Taper velocity steps at layer interfaces
Smooth CMP traveltime curves
v Weigh picks in CMP curves
Extrapolate output to all receivers
Regard mapping for shot offset correction
Regard true receiver coordinates for shot offset correction
Regard 3D source-receiver offset for all traces
Extrapolate tomogram over 30 station spacings
Extra-large cell size
Increase cell size
Decrease cell size
Extra-small cell size
v | Edit cell size

Limit DeltatV velocity exported to maximum 1D-gradient velocity
Limit DeltatV velocity exported to 5,000 m/s

v Write new DeltatV and Model menu settings to .PAR file

Reset DeltatV settings to default
Reset DeltatV and WET and WDVS settings to .PAR file...
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Multiscale WET using pseudo-2D DeltatV starting model and manual WET smoothing :

Edit WET Wavepath Eikonal Traveltime Tomography Parameters

Edit WET Tomography Velocity Smoothing Parameters

Specify initial velocity model

Select ‘

Stop WET inversion after

MNumber of WET tomagraphy iterations :

[ or RMS error gets below

[~ or RMS error does notimprove forn =

[ or WET inversion runs longer than

WET regularization settings
Wavepath frequency :

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

Wavepath envelope width [% of periad] :

10 Max velocity

Min. velocity

Width of Gaussian for ane period [SD]

Gradient search method
® SteepestDescent

Conjugate Gradient Parameters

CG iterations

=)

=

=] s
A =

Tolerance

Initial step u

=}

Edit velocity smoothing

iterations

[N

percent
iterations

minutes

2000 Hz

times

w

percent
percent
m/sec

sigma

Ll L

(" Conjugate Gradient

Line Search iters
Line Searchtol.

-

Edit grid file generation

CARAY32\Marine_L03\Stack240Cross30\STACK240CROSS30.GRD

lterate

=3
=
=]
S|l o~

Starttomography processing

Reset ‘ Cancel

Determination of smoothing 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 : 15 columns
Half smoothing filter height 15 grid rows

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

Maximum relative velocity update after each iteration
2500 percent

Smooth after each nth iteration only

Maximum velocity update :

Smooth nth iteration : n = 1 fiterations
Smoothing filter weighting

® Gaussian " Uniform [~ Mo smoothing
Used width of Gaussian 15 [sSD]
Uniform central row weight 10 [1.100]

Smooth velocity update before updating tomogram

[+ Smocthupdate [~ Smoothnth [v¥ Smooth last
Damping of tomogram with previous iteration tomogram

Damping [0.1] 0000 [

Accept parameters ‘ Reset parameters

Fig. 24 : WET Tomo, Interactive WET settings for Fig. 25. Edit main dialog (left) : select pseudo-2D DeltatV+XTV starting
model (Gawlas 2001; Rohdewald 2025) c:\RAY32\Marine_L03\Stack240Cross30\STACK240CROSS30.GRD
(Fig. 7). Decrease Wavepath frequency to 20Hz from default 50Hz for this long line. Reset Ricker differentiation to -
1 : use default Gaussian WET wavepath update weighting. Reset Wavepath width to default of 3.5 percent. Click
button Edit velocity smoothing and edit (right) : check Manual specification of smoothing filter. Edit manual WET
smoothing filter : half-width 15 columns, half-height 15 rows. Gaussian Smoothing filter weighting : set Used width of

Marine_LO3 tutorial written Nov 2025 using Rayfract® Pro version 5.02.

Gaussian to 1.5SD.

select WET TomolInteractive WET tomography. Dismiss again the warning prompt shown in Fig. 20.
edit WET main dialog as in Fig. 23 (left). Click Select button and select starting model .GRD

C:\RAY32\Marine_L03\Stack240Cross30\STACK240CROSS30.GRD shown in Fig. 7.

lower WET Wavepath frequency to 20Hz. Reset Wavepath width back to default 3.5 percent.
reset Ricker differentiation back to default -1 for Gaussian WET update weighting across WET

wavepaths

click button Edit velocity smoothing. Edit as in Fig. 23 (right).
click button Manual specification of smoothing filter

set Half smoothing filter width to 15 columns

set Half smoothing filter height to 15 rows
in frame Smoothing filter weighting click radio button Gaussian
set Used width of Gaussian to 1.5 SD (Standard Deviations) and click button Accept parameters

click button Iterate. Click button Reset to lower the frequency to 20Hz for all WET runs. See Fig. 22.

check box WET runs active. Click button OK.

click button Start tomography processing to obtain the § WET run tomograms shown in Fig. 25
visually compare the last WET run (lower right) in Fig. 25 with Fig. 1. In Fig. 1 we obtain a somewhat
higher average basement velocity than in Fig. 25 due to the laterally averaged 1D-gradient starting
model. But the lateral positioning of basement anomalies is very similar between Fig. 1 and Fig. 25.

in our 5.02 Pro version select Grid|lPlot multiple WET runs on one page and velocity grid file
C:\RAY32\MARINE_LO3\STACK240CROSS30\WETRUN1\VELOIT20.GRD to obtain the multirun WET plot

shown in Fig. 24
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WET run 1 initial STACK240CROSS30.GRD WET run 5 initial RUN4IT20.GRD
5|55 8’]4 11‘43 14|22 17|76 20|56 5|55 8’]4 11|43 14|22 1776 2Q56

i
T T T T T T T T T T T T
0 200 400 600 800 1000 0 200 400 600 800 1000
RMS error 0.9%=0.49ms 20 WET itr. 20Hz Width 30.0% RMS error 1.0%=0.55ms 20 WET itr. 20Hz Width 15.0%
WET run 2 initial RUN1IT20.GRD WET run 6 initial RUN5IT20.GRD

183 555 814 1143 1422 1776 2056 183 555 814 1143 1422 1776 2056

T T T T T T T T
0 200 400 600 800 1000 200 400 600
RMS error 0.9%=0.51ms 20 WET itr. 20Hz Width 26.0% RMS error 0.9%=0.51ms 20 WET itr. 20Hz Width 1

WET run 3 initial RUN2IT20.GRD WET run 7 initial RUN6IT20.GRD
555 814 1143 1422 1776 2056 555 814 1143 1422 1776 20

T T T T T T T T T T
0 200 400 600 800 1000 0 200 400 600 800 1000

RMS error 0.9%=0.54ms 20 WET itr. 20Hz Width 22.0% RMS error 0.8%=0.45ms 20 WET itr. 20Hz Width 10.0%
WET run 4 initial RUN3IT20.GRD WET run 8 initial RUN7I1T20.GRD

565 814 1143 1422 1776 2056 565 814 1143 1422 1776 2056

T T T T T T T T T T T T
0 200 400 600 800 1000 0 200 400 600 800 1000

RMS error 1.0%=0.55ms 20 WET itr. 20Hz Width 18.0% RMS error 0.7%=0.38ms 20 WET itr. 20Hz Width 8.0%

Fig. 25 : plot first 8 Steepest-Descent WET runs (20 WET iterations per run) for profile MARINE_L03 multiscale WET on
one page with new Grid menu command Plot multiple WET runs on one page available with our 5.02 Pro version.
The pseudo-2D DeltatV starting model (Gawlas 2001, Rohdewald 2025) for first WET run is shown in Fig. 7. For
interactive WET Tomography settings see Fig. 24. For multirun WET schedule see Fig. 22. For WDVS settings see Fig.
14.

¢ high-velocity basement anomalies are repositioned to the left with increasing WET run number in Fig.
25

e note the vertical WET velocity artefacts introduced in the overburden at the start of the tomogram plots
in Fig. 25

Here is the DropBox .RAR archive link for this MARINE_LO3 profile folder for Fig. 24 :

https://www.dropbox.com/scl/fi/oxcmdssnttzhxvaug99us/Marine_1.03_Nov21 25.rar?rlkey=sb3e2gmiivjct
derewn5of80t&st=suas12f1&dl=0
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