Import SEG-2 .DAT & Update header data & multiscale WET inversion GASCH23 v. 4. 05

WY Rayfract® Standard 4.05 : profile C:\RAY32\GASCH23\SEIS32 - [ShntCMPhreaks shot no. 12 128 (original input file : PlZSDAT)]
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Fig. 1 : check Trace/Open Refractor/Shot CMP breaks. Top : Trace/Shot gather, bottom : Refractor/[Shot CMP breaks.
Shows fit between picked times (solid colored curves, red crosses) and modeled times (dashed blue curves, blue dots).
Green dots are your reciprocal picks.

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

e  FilelNew Profile..., set File name to eascH23 and click Save button

¢ in the prompt shown next (Fig. 4) click No button to leave Profile start / first channel at station no.
101 as specified by SEG-2 trace headers RECEIVER_STATION .

e in Header|Profile... set Line type t0 Refraction spread/line . Set Station spacing to 3.048 m. See
Fig. 2.

e unzip archive https://rayfract.com/tutorials/GASCH23_ INPUT.zip with SEG-2 .DAT shot files &

files COORDS1.COR & BREAKS.LST in directory C:\RAY32\GASCH23\INPUT

check FilelSEG-2 import settings|Get distance unit from user

check Filellmport Data Settings|Default distance unit is meter

select Filellmport Data... and set Import data type to sec-2. See Fig. 3.

click Select button and navigate into c: \RAY32\GASCH23\ INPUT

set Files of type to Seismic data files (*.DAT) and select a file e.g. P101.DAT & click Open

leave Default spread type at 10: 360 channels

click Import shots button . Click Read button once for each shot displayed in Import shot dialog.

select FilelUpdate header datalUpdate Station Coordinates & coorps1.cor. Click Import & Reset.

select FilelUpdate header datalUpdate First Breaks. Select file BREakS . LsT & click Open.

select option TracelOpen Refractor|Shot CMP breaks with Shot gather

select TracelShot gather to obtain Fig. 1

click on title bar of TracelShot gather window and press CTRL+F1 to zoom trace amplitude

browse shots in TracelShot gather window with F7/F8 (Fig. 1 top)

click on title bar of RefractorlShot CMP breaks window (Fig. 1 bottom) and press ALT+P. Edit

Maximum time to 100 ms & press ENTER key to redisplay. Do the same for TracelShot gather

window (Fig. 1 top).



https://rayfract.com/tutorials/GASCH23_INPUT.zip

To configure and run our default fail-safe Smooth inversion :

e check option Grid|Receiver station ticks on top axis
e check option GridlCS_CENTERED font for shot points and receivers to workaround Surfer symbol

dis

play issues

o edit GridlSurfer plot Limits as in Fig. 8

e check option ModellForward modeling Setting|Normalize RMS error with maximum picked time

o select ModellWDVS Smoothing and check box Discard WET smoothing and WDVS smoothing after
forward modeling. Leave box use WDVS for forward modeling of traveltimes unchecked (Fig. 9).

e select Smooth inverttWET with 1D-gradient initial model

e wait for the 1D-gradient starting model to display as in Fig. 5

e  confirm prompt to continue with WET inversion to obtain WET output shown in Fig. 6 & 7
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Fig. 2 : Header|Profile
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Do you want to force the first receiver at station number 1 for
this new profile ?

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
station to 1 in Header|Profile dialog.

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

For multi-spread profiles click 'No' button and use our .HDR
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.
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Fig. 3 : File/import Data

Fig. 4 : click No button to to leave first channel at station no.
101 as specified by SEG-2 trace headers
RECEIVER_STATION .

For compatibility with older profiles and tutorials and old
COORDS.COR files which assume first profile receiver at
station no. O click No button. For multi-spread profiles click No
button and use our .HDR batch import options in File/Import
Data dialog to generate the .HDR file. Next edit the .HDR file
using MS 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.



GASCH23 RMS error 5.5%=4.49ms 1D-Gradient smooth initial model v. 4.05
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Fig. 5 : 1D-gradient starting model obtained with Smooth invert/WET with 1D-gradient initial model.
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Fig. 6 : 2D WET output obtained with Smooth invert/ WET with 1D-gradient initial model & starting model shown in Fig. 5.
20 WET iterations using Steepest Descent method & Gaussian update weighting & full WET smoothing. Discard WET
smoothing after forward modeling. Leave WDVS disabled (Fig. 9).

GASCH23 RMS error 1.9%=1.53ms 20 WET itr. 50Hz Width 4.5% initial GRADIENT.GRD v. 4.05
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Fig. 7 : WET wavepath coverage plot obtained with Fig. 6. Unit is wavepaths per pixel.
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Fig. 8 (left) : Grid|Surfer plot Limits dialog .
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Edit WDVS (Zelt & Chen 2016)
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Fig. 9 : Model|WDVS Smoothing dialog .
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Edit parameters for reciprocal error file (Jim Whiteley 2020}
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Fig. 10 : Trace|Export reciprocal errors and update database




How to plot your reciprocal traveltime picks on shot-sorted trace gathers :

Next we show how to plot your reciprocal traveltime picks on shot-sorted trace gathers. This lets you
quality-control your first break picks and check the validity of your recording geometry specification (shot
station numbers and receiver station numbers). See Whiteley J. et al. 2020 : Landslide monitoring using
seismic refraction tomography — The importance of incorporating topographic variations :

VVVVVYVVY
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select TracelExport reciprocal traveltime picks and update database

click button Select error file and click Save button (Fig. 10)

click button Export to .ERR

optionally check new option TracelOpen Refractor|Shot CMP breaks with Shot gather

select TracelShot gather to obtain a window display as in our Fig. 1

check new version 4.05 option DisplaylShow reciprocal picks on Shot Gather

browse and zoom trace gathers with function keys F7/F8, F1/F2 etc. as usual

navigate traces with arrow-left and arrow-right keys

if a reciprocal pick was determined/matched to the current trace then this is plotted as a green dot on the
trace

also we show Reciprocal Shot/Channel and Reciprocal offset/[m]/CMP in status bar at bottom of
window (Fig. 1) if a reciprocal pick is available in the .ERR file

How to run multiscale WET inversion using our 1D-gradient initial model :

>
>
>

select WET TomolInteractive WET
click on Iterate button

edit WET runs as shown in Fig. 11. Set runs no. 8/9/10 to 20 WET iterations each. Click OK button.
Edit WET runs - wavepath width
Fig. 11 : WET Tomo|Interactive WET |lterate .
RunNo. Freq. [Hz] Width [%] Wldm\[ms] lterations
Run1 EW [ 00| 600 [ 2 [ gk Edit WET runs dialog. Edit as shown and click
Rz | 500 [ 20 [ 520 [ 2 [ gamk & OK button.
Rz | 800 | 220 [ 4400 [ 20 [ piank &
Rund | 500 [ 180 | 3600 | 20 [ Blank [¥ WET runs active
Runs | 500 [ 150 [ 3000 [ 20 [ pank £l
[¥" Plotruns in Surfer
Rung | 500 | 120 ‘ 2400 ‘ 20 [~ Blank
[” Prompt run misfit
Bink | 50.0 | 100 ‘ 2,000 ‘ 20 [ Blank
Runs completed 10
Rg | 500 [ 80 [ 1600 | 20 [+ Blank =
50.0 70 1.400 20 .
Run8 | | ‘ ‘ Bl en's Current run no i
gunild | 0 | 60 ‘ e ‘ 20/~ llGtans [¥ Resume currentrun
Blank below wavepath envelope
[ Blank after each run [ Blank after last run
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reselect WET TomolInteractive WET

click button Edit velocity smoothing (Fig. 12)

click radio button Minimal smoothing after each tomography iteration (Fig. 12)

click button Accept parameters

in WET main dialog click button Start tomography processing to obtain Fig. 13 and Fig. 14 after 10
WET runs with 20 WET iterations per each run as specified in Fig. 11

note the improved imaging of the landslide sliding plane and related velocity inversion in Fig. 13
compared to Fig. 6 . The recorded profile crosses the landslide.



Edit WET Wavepath Eikonal Traveltime Tomography Parameters Edit WET Tomography Velocity Smoothing Parameters
Specify initial velocity model Determination of smoothing filter dimensions
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Width of Gaussian for one period [SD] 30 sigma Smoothing fiiter weighting
" Gaussian @ Uniform [~ No smoothing
Gradient search method
@ SteepestDescent " Conjugate Gradient Used width of Gaussian 10 [SD]
Conjugate Gradient Parameters ’ Uniform central row weight 10 [1.100]
CG iterations 10 Line Search iters. 2 —Smooth velocity update before updating tomogram-
hlrenca 0.001 e eanil 00010 [v Smoothupdate [ Smoothnth [v Smooth last
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Damping [0.1] 0000 [
Editvelocity smoothing 1 Edit grid file generation |

Starttomography pracessing ‘ Reset I Cancel I | Accept parameters Reset parameters

Fig. 12 : WET Tomo|Interactive WET main dialog (left). Edit velocity smoothing (right).

GASCH23 RMS error 1.6%=1.34ms 20 WET itr. 50Hz Width 6.0% initial RUN9IT20.GRD v. 4.05
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Fig. 13 : Multiscale Steepest-Descent WET inversion. Output of 10" WET run shown. Starting model for 1% run is Fig. 5.
Discard WET smoothing after forward modeling. Leave WDVS disabled (Fig. 9). Minimal WET smoothing (Fig. 12).
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Fig. 14 : WET wavepath coverage plot obtained with Fig. 13. Unit is wavepaths per pixel.



Here is the link to the .RAR archive with the GASCH23 profile folder for above Fig. 13 :

https://www.dropbox.com/scl/fi/2zq6lvktfx6w06wxtdOrl/GASCH23_ Dec3_2023.rar?rlkey=i4wwrg40f6x9
k8xosvlou9xj8&dl=0

Select above link and copy with CTRL+C. Then paste the link into your web browser with CTRL+V and
press RETURN key to download the .RAR archive.

How to obtain layered refraction starting model using our CMP Intercept-Time refraction method :

Next we show layered refraction interpretation with our CMP Intercept-Time refraction method and using
this as starting model for multiscale WET inversion with WDVS enabled :

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

Regression Recaiver Count
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Refracted Wave Offset Delta

‘Weathering Refractor 1 Refractor 2
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‘Weathering Refractor 1 Refractor 2
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105 1o 15 120 125 —Shat & Receiver spacing [stations], CPsRecyr-
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= = Z = —— Map traces I Reset | Cancel |
‘ For online help please select a dialog field with TAB or mouse and press function key F1. Abort dialog with ESC key. Confirm dialog with ENTER key.

Fig. 15 : select Refractor|Midpoint breaks. Press ALT+M to bring up mapping parameters dialog. Edit as shown and click
button Map traces.

select Refractor\Midpoint breaks (Fig. 15)

press ALT+M and edit mapping parameters (Fig. 15)

click button Map traces to refractors

select Depth| CMP Intercept-Time Refraction

confirm warning prompt about artefacts to obtain layered refraction starting model (Fig. 17)
when prompted to continue with WET inversion click No button

click on title bar of CMP Depth Section window

press ALT+M and edit CMP Model Parameters as shown in Fig. 16

click OK button to obtain Fig. 17

VVVVVVYVYVYY


https://www.dropbox.com/scl/fi/2zq6lvktfx6w06wxtd0rl/GASCH23_Dec3_2023.rar?rlkey=i4wwrg40f6x9k8xosvlou9xj8&dl=0
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AR H 30 : [~ fimit maxmum basement velocity, 100
3 ‘ ‘ z B Max basementvelocity [mjsec] 4000
T -3 20e 1025
= = H Overburden fiter widih 5 o
[ R R AR R RN R RN AR RARRRRAR Bt | Bage fiter width [station nos] [ Tovcvn b b o
105 110 115 120 125 130 135 105 110 115 12 10 115 120 125 130 135
Station Number Station 1R S S B {0 100) Station Number
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Fig. 16 : select Depth|CMP Intercept-Time Refraction. When prompted to continue with WET inversion click No button.

Click on title bar of CMP Depth Section window. Press ALT+M and edit CMP Model Parameters as shown. Click OK.
GASCH23 RMS error 5.3%=4.32ms initial CMPMODL.GRD v. 4.05
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Fig. 17 : select Depth|CMP Intercept-Time Refraction after mapping traces to refractors (Fig. 15). Confirm warning prompt
about artefacts with strong refractor curvature. When prompted to continue with WET inversion click No button. Edit

CMP Model Parameters (Fig. 16) and click OK button to obtain
Edit WDVS (Zelt & Chen 2016) iﬁ 1 our CMP Intercept-Time refraction starting model.

e .

i Edit parameters for wavelength-dependent velocity smoothing

[¥ fastWDVS - less accurate mapping of scan line nodes to grid nodes Flg 18 : SeIeCt MOde”WDVS SmOOthing- Ed't as ShOWn and
click OK button.
|* 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

WDVS frequency lm [Hz]
Angle increment between scan lines liy [Degree]
Regard nth node along scan line Iig, [node]
—Parameters for Cosine-Squared weighting function (Chen and Zelt 2012)
a: Cosine argument power IW [power]
b : Cosine-Squared power IW [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 I Cancel Reset
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Edit WET Wavepath Eikonal Traveltime Tomography Parameters

Edit WET Tomography Velocity Smoothing Parameters

Specify inifial velocity model

Select |

Stop WET inversion after
Number of WET tomography iterations :

[ or RMS error gets below

[ or RMS error does notimprove forn =

[ or WET inversion runs longer than

WET regularization seftings
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Ricker differentiation [-1:Gaussian.-2:Cosine] :
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10 Max velocity :
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Edit grid file generation |

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

Smoaothing filter dimensions

Half smoothing filter width columns

7
Half smoothing filter height: 3 grid rows
Suppress artefacts below steep topography

[+ Adaptshape offilter. Uncheck for better resolution

Maximum relative velocity update after each iteration

Maximum velocity update :

2600 percent
Smooth after each nth iteration only

1 iterations

Smooth nth iteration: n =

Smoothing filter weighting

(" Gaussian (" Uniform [ No smoothing
Used width of Gaussian 10 [sD]
Unifarm central row weight 10 [1.100]

Smooth velocity update before updating tomogram

[v Smoothupdate [ Smoothnth [v Smooth last

Damping of tomogram with previous iteration tomogram

Damping [0..1] 0000 [

Accept parameters | Reset parameters

AL

Fig. 19 : select WET Tomo|Interactive WET to display WET main dialog (left). Edit velocity smoothing (right).

How to run multiscale WET inversion using our CMP Intercept-Time Refraction starting model :

VVVVYVY

select ModellWDVS Smoothing. Edit as in Fig. 18 and click OK button.

check option ModellForward modeling Settings\Normalize RMS error with maximum picked time
select WET TomollInteractive WET (Fig. 19 left)
click button Iterate and edit WET runs as in Fig. 11. Click OK button.

click button Edit velocity smoothing and edit as in Fig. 19 at right

click buttons Accept parameters and Start tomography processing (Fig. 19) to obtain Fig. 20 & 21




GASCH23 RMS error 2.0%=1.62ms 20 WET itr. 50Hz Width 6.0% initial RUNSIT20.GRD v. 4.05
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Fig. 20 : Multiscale Steepest-Descent WET inversion. Output of 10" WET run shown. Starting model for 1% run is Fig. 17.
Don't discard WET smoothing after forward modeling. Disable WDVS (Fig. 18). Full WET smoothing (Fig. 19). Edit
WET runs dialog as in Fig. 11.

GASCH23 RMS error 2.0%=1.62ms 20 WET itr. 50Hz Width 6.0% initial RUN9IT20.GRD v. 4.05
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Fig. 21 : WET wavepath coverage plot obtained with Fig. 20. Unit is wavepaths per pixel.

GASCH23 RMS error 1.8%=1.45ms 20 WET itr. 50Hz Width 6.0% initial RUNSIT20.GRD v. 4.05

™ s 100 " " 2t s 2 i s e 7

""" 5300

11204, o 100 104 105 106 107 108 100 1014 11z 11y g4 wes vio 17 19V LDy g ey — 5050
so ol Bl S L s o sk 4800

4550

4300

1110 4050
3800

3550

1100+ - 3300
3050

2800

2550

1090 2300
2050

1800

1080+ — 1550
- g 1300

1050

800

1070+ = 550

T T T T T T 300

0 20 40 60 80 100
Fig. 22 : Multiscale Steepest-Descent WET inversion. Output of 10™ WET run shown. Starting model for 1 run is Fig. 5.
Discard WET smoothing after forward modeling. Enable WDVS at 200Hz (Fig. 9). Minimal WET smoothing (Fig. 12).

Here is the link to the .RAR archive with the GASCH23 profile folder for above Fig. 20 :

https://www.dropbox.com/scl/fi/cljr106rewsyOuymo2al7/GASCH23 LAYRTOMO_Decl12 NoWDVS_Fu
IWETSmoothing.rar?rlkey=x7014z07cpbs54r5s1h2tS6me&dl=0

Select above link and copy with CTRL+C. Then paste the link into your web browser with CTRL+V and
press RETURN key to download the .RAR archive.


https://www.dropbox.com/scl/fi/cljr106rewsy0uymo2al7/GASCH23_LAYRTOMO_Dec12_NoWDVS_FullWETSmoothing.rar?rlkey=x7014z07cpbs54r5slh2t56me&dl=0

Note the non-uniqueness when interpreting refraction profiles with strong velocity inversions. Compare
Fig. 20 with Fig. 22 and with Fig. 13. The final WET tomogram after 10 WET runs depends on both the
starting model and on the WET smoothing. Also the WDVS smoothing and restoring or discarding of WET
smoothing after forward modeling play a role in determining the WET output.

We recommend restoring WET smoothing after forward modeling (Fig. 18) when using a layered starting
model such as for Fig. 20. Also we recommend using Full WET smoothing (Fig. 19) with a layered starting
model. These settings help to obtain a realistic WET interpretation with fewer artefacts and without getting
stuck in a local minimum of the traveltime misfit function when using a layered starting model.
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