Seisimager/SW-2D
Tutorial for 2D MASW processing using

Seislmager/SW-2D
* Processing 2D MASW data obtained by Geode.

* Seislmager/SW-2D license is required.

* Download the latest installer from :
https://seisimager.com/download/SeisImagqger.zip

* Download the example data from :
https://seisimager.com/download/MASW(2D).zip

* Can be processed either using wizard or manually

* The tutorial summarize manual processing

* See “Seisimager/SW™ Manual”, “Seisimager/SW-ProTM Manual” and
“GeoPlot™ Manual” for more details


https://seisimager.com/download/SeisImager.zip
https://seisimager.com/download/MASW(2D).zip

Acquisition geometry

* Source interval : 1 m

e 15t source position : -0.5 m

* Receiver interval : 1 m

e 15t receiver position : 0 m
 Survey line length : 95 m (0~95 m)
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Processing with surface wave analysis wizard

Data can be processed almost automatically using the “Surface Wave Analysis Wizard”

Click “Surface Wave Analysis Wizard” icon Choose “Active Source 2D MASW” and click “OK”

=
w

T . i T
~>- Welcome to SeisImager/SW ! OK
WZ > Please select a data processing wizard:

(" Active Source 1D MASW

Surface Wave

Analysis Wizard (" Passive Source (Microtremor) 1D MAM

(@ Active Source 2D MASW

(" HVSR Analysis

Press “Enter” key to start processing

L)

Data acquisition (D) File (F) Edit (E) View (V) Pick first arrivals (P}  Group (File list) (G) Surface wave analysis (5) Option (O) Help(H)

id \’NM*\*\H—)\I\I\ dhd IEV%\W\%\P\V\X\l\'\d\b\l\’%\ [wiol \ 10 ] = =

Press Enter key to start Surface Wave Analysis Wizard.

2D MASW (0)

Wizard automatically selects processing menu describes below by pressing “Enter” key



Import Geode data files (SEG2 files : .dat or .sg?2

Hereafter, the tutorial describes manual processing without the wizard.
The wizard basically follow almost the same procedure by pressing “Enter” key.

Double click icon to launch Pickwin

Y

PW

Select “File”, “Group (file list)”, “Make file list”.

PW

File (F)

s PiCkwin -

Edit/Display (E) View ()
Open waveform (SEG2) file(O)...
Save waveform (SEG2) file(S)...

Save waveform (SEG2) file as(A)...

Pick first arrivals (P)
Ctrl+0
Ctrl+5

Open S5EG?Z file (SmartSeis)

Open McSeis-3 file

Open OYO 160MX (SEGT1) file

Open synthetic waveform (8hd) file

Open pick file

Save pick file

Print window display (P)... Ctrl+P
Print preview (V)

Page setup (R)...

Group (File list) (G)

Surface wave analysis (S)

Processing (A)

Option (O)  He

| |0 & | v [ |= (=5 w6 GrlFol D]

P

/[\

Organize ~ MNew folder

> @ OneDrive - Person

~ [ This PC
> [l Desktop
» & Documents
bl k Downloads
> @ Music
> PN Pictures
> {4 Videos

> @ Windows (C)

> Ul Network

File name: |"sxaa0097_MOD‘sg2" "sxaa0001_MOD.sg2" "sxaal002_MOD.sg2 V| Seg? file(*sg2)

« ExampleData » MASW_2D(CNT) v (@&}
O Name Date modified
w 5xaa0001_MOD.sg2 3/11/2021 1:32 PM
g
w 5%X3a0002_MOD.sg2 3/11/2021 1:32 PM
g
w 5xaa0003_MOD.sg2 3/11/2021 1:32 PM
g
 sxaa0004 MOD.sg2 3/11/2021 1:32 PM
g
w 5xaa0005_MOD.sg2 3/11/2021 1:32 PM
g
o sxaal006_MOD.sg2 3/11/2021 1:32 PM
B "o sxaa i .5 3/11 32 PM
[ 0007_MOD.sg2 f11/2021 1:32 PM

P Search MASW_2D(CNT)

Type

SG2 Fi

SG2 Fi

SG2 F

SG2 Fil

SG2 Fi

SG2 Fi

SG2 Fi

-

Select all SEG2 files.

m @

Size

Cancel

Use “File”, “Group (file list)”, “Make file list (select a

folder)” if the number of files is more than 100.

1

1



Import Geode data files (SEG2 files : .dat or .sg2)

If waveform data files contain correct source-receiver geometry. o ,
Click “OK” to continue.

Source (m) 1st receiver (m) Receiverint. (m) # of aux. OK

Index Edit D
. 97 files have been opened. |[}7 r |17 [0 [0 1 [0 | Cancel
Bl E E i o | =
oK 2 © E 0 E E | Back
Emmi Ca g g i o |
Check “Source position” and N =B ° ° E ° | Set # of aux.
“Receiver position” if waveform ENNN=in CO 0 0 ! E | etete
data files contain correct s T 7 ° ° K ° |
source-receiver geometry. LI B E E ! E | Export
i E E i o | impo
o [ E o i o |
Number of files
[|7 I T s e AR = ] @ Active data El
[|7 e ] 0K Ol e T e T T gy s ain
[v Receiver position Cancel
e e Check “Apply source coordinate from file header” and “Apply receiver coordinate
y from file header” if waveform data files contain correct source-receiver geometry.
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Import Geode data files (SEG2 files : .dat or .sg2)

The 15t shot gather appears.

Source=-0.5m Time (ms)
0 100 200 300 400 500 600 700 800 900 1000 1100
Use l|f | to scroll shot gathers. . s
e
2
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4
C:\Koichi\SeislmagerManagement\TestProcedure\ExampleData\MASW_2D(CNT )\sxaa0001_MOD.sg2
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Manually set up acquisition geometry (optional)

If waveform data files do not contain correct source-receiver geometry,
the acquisition geometry can be set up manually.

File list X
Index Edit D Source (m) Istreceiver (m) Receiverint. (m) # of aux. OK
|0 r | 1 |0 |0 | 1 I{) | Cancel
1 - ]2 |0 |0 |1 |0 | Next
P r o o E o | Back
3 [z 0 0 1 0 )
on E :D :D :1 :D : Setup Click “Set up” to set up geometry.
a Set # of amx.
[ e o o E o |
Ol E [ E [ |
I?— - r I 0 I 0 I 1 I 0 I Export
| 8 r |9 C C |1 |0 | Tmport
il o N OO [ O
Number of files
[~ Apply source coordinates from file header (" Active data Ir
[~ Apply receiver coordinates from file header " Passive data

Uncheck “Apply source coordinate from file header” and “Apply receiver coordinate from file header”
r if waveform data files do not contain correct source-receiver geometry.
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Manually set up acquisition geometry

If waveform data files do not contain correct source-receiver geometry,
the acquisition geometry can be set up manually.

Enter the 15t source position, source interval, and receiver interval.
Choose “Variable receiver” or “Fixed receiver” and enter offset from source to 1% receiver or first receiver position respectively.

E— T T T T T | File list X
Property X _
[ ex Edit m Source (m) Istreceiver (m) Receiver int (m) # of aux OK
lst source | -0.5 m 0K >_— - Ili EE o E o | Cancel
T [
in?gsaﬂ] 1 m Cancel |1 ]2 Jos E E C | Next
I Rl i | st
(& Variable receiver 3 rfa |25 E E E | Set up
DHSFT from source to 1st I 05 m e N E 3.5 |4 |1 |0 | St % ofame
recemver |5— ~ |.57 [45 5 |1 |0 |
(" Fixed receiver BE r[7 2 K E E | -
First recetver position I 0 | 7 o [s |63 |7 E C | Export
m T [ [75 E [1 [0 | Import
Receiver Ii | [ r [ |85 E E C |
terval 1 m Number of files-,
= i [ Apply source coordinates from file header (& Active data I 97
: [~ Apply receiver coordinates from file header (" Passive data

v
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Geometry example 1 :
Variable receiver with sources behind receiver spread.

[

15t sowrce 0.5 m OK
Source —
fIltEl"r"al 1 i1 CEI]L’.‘E;I

(@ Variable recetver

Offset from source to 1st 03 m

recetver

Shot No.

(" Foied recetver

First receiver position 0 m
Recetver
nterval | | m

Y

PW

-0.5

Distance (m)
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Geometry example 2 :
Variable receiver with sources ahead of receiver spread.

Ist source | 23.5 m OK
Source I
interval | th Cancel

(@ Variable receiver
Offset from source to 1st | _23 5 m
receiver

Shot No.

(" Fixed receiver

First recefver position 0 m

Recerver
R— 1 m

—
%‘ o7
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0.0
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-0.5 Distance (m) 23.5

Geometry example 3 :
Fixed receiver spread.
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Receiver spreads were fixed after the shot of 71.5 m.
72 m

95.5

72 m

Distance (m)
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Source and/or receiver location can be edited manually.
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Index Edit D Source (m) lst receiver (m) Receiver int. (m) # of aux. oI
[0 [m [69.5 |70 K E | chel
72 m 95.5m [z Change 1% receiver distance | Nest
! ! 2 [m [ [ B B | Back
| |
CoOOoOoOOOoOFQoOoOoOoooooo00 - 1 3 [ | 725 |72 |1 |1 |
S MDOoCo0OOooRooOoO0o0ooRo000 - _ — — 1 1 Set up :
0000000 PO00O00000000000 - > R |7 |7 | | | s oo
CoOooO00OROO0D000000000000 I s [% [743 [72 1 1 |
WoD000O0000000O0R000000 - - :
LO000ROO0O00000000000000 - - -: 6 1 [7 755 |72 E E | BN
WoooPoOo0000000000000000 - - o [ 763 B i i | .
sagepeiuiviopelsiosgoleyshogeloyeysfotoloRoyey o umun ' - it
opPoO0000000000000000000 - - [ [® [775 [72 1 1 | Tmport
S EDOoO00DoO0000000O000000000 _
. @hooocooocoocooocoooooooooooo! [ 1 [% |78.5 |72 E E | )
- dwmocoocoococooccocoooocoooool _ AT alfih s
. d) O OoOo00000000000000 00 C}l [ Apply source coordinates from file header @ Activh data 97
- do@WOCC0000O0C0C000OCC0O D! [ Apply receiver coordinates from file header (" Passife data
T hoo@mDoOoOOOOoooOoooOCooool U “Next” q
OO oEDno00OORRo000oOCR ool se ext” an
RO CoOEDoO0ooooooooooCooool
) “ ”
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PO OOOoOEDOoOooooooo0OoooO 5 s 865 7 1 1 Cancel
PO OCOOCOOEDORO00000000 00 | | | | | | |
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EnleReXstululsRuluseRugereReRsRurussnsyeleRuRels. - i :
- 00000000009000003300000: 2 | O [= 15 |72 E E |
- GO0000000000000000MNO000, 3 [o [925 [72 1 1 | Dot
Rolefelelalosfotoefoelefoysfotoqefoyecsfoyelen _
doocooccocoooooooooOOOEmOG EXE: 935 |72 E E | Export
oo hooooooooooooooooooaoa ol - - .
. 5 [ s | 7 E ] mpor
soems - - d00000000000000000000D0 D — |
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Number of files
[ Apply source coordinates from file header ® Active data ’9?—
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Set up Geometry

Select “File”, “Group (File list)”, “Set up geometry”

" FileListxml - Pickwin

File

Edit/Display View Pick first arrivals Downhole seismic analysis  Surface wave analysis  Processing (A) Op

Open waveform (SEG2) file(O)... Ctrl+0
Save waveform (SEG2) file(S)... Ctrl+S
Save waveform (SEG2) file as(A)...

Open SEG2 file (SmartSeis)

Open McSeis-3 file

Open OYO 160MX (SEGT) file

Open synthetic waveform (.8hd) file

Open pick file
Save pick file

Print window display (P)... Ctrl+P
Print preview (V)
Page setup (R)...

{File list) (G)

Options

1 CA\Koichi\,..\sxaa0002_MOD.sg2

2 atom_file_350048_20211028_2359_125182.atm
3 C\Koichi\..\Midorino acc.sg2

4 CA\Koichi\..\Midorino.sg2

PW

X[ WX A v |m|=

= 6 [Cr|Fo]T0|

Time (ms)
400 500 600 700
A —_—
Make file list

Make file list(select a folder)

Open file list

Save file list(text)

Save file list(XML)

Show file list(G) Ctrl+G

Set up geomet

! h,

)

5 No. of sources = 97
! " No. of receivers = 96
MNo. of CMPs = 192

OK

Total number of shot gather traces = 2328

Range of source/receiver geometry = -0.5 to 95.5 m

OK

Pickwin X

!":;.. Input waveform data ?

OK Cancel |

!\'::-_ 2328 of 2328 shot gather traces input

ox

Select “OK”

15



Set up Geometry

Confirm acquisition geometry
-0.5 Distance (m) 95.5

Shot No.

3T
2
T

PW o7



Calculate CMP Cross-Correlation (CMPCC) gathers

Select “Surface wave analysis”, “Calculate CMP Cross-Correlation (CMPCC) gathers”

s FileListxml - Pickwin

File Edit/Display View Pickfirst arrivals Downhole seismic analysis Surface wave analysis  Processing (A) Option Help

ﬁ‘ﬂ‘%‘ ‘ "M \L‘(—‘—)‘.‘.Wﬂ-‘-’v“i{;lﬁ ‘IL} (=} *""— Phase velocity-frequency transformation

Calculate Shot Cross-Correlation (SCC) gathers

| 2D Spatial Autocorrelation (SPAC)

Calculate CMP Cross-Correlation (CMPCC) gathers

The bin size is interval of CMPCC gathers.

Default value is set to the double of receiver spacing.

PW

| Make newfilelist ?

o *

OK Cancel ‘

Bin size li
First distance li
Last distance

Use variable spacing (check
| if source spacing is not the
multiple of receiver spacing)

2 m
—_—
0 m
95 m

[ Show option menu

Click “OK”

OK

Cancel

Click “OK”

17
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Source= 4.0m Time (ms)

0 100 200 300 400 500 600 700 800 900 1000

!

Click .'*'. to show CMPCC traces E 5 | g D

Distance {

Click Ep"' to show CMPCC geometry

C:\Koichi\Seislmager\PickwinS95_ee'testdata\Surface\WaveExample(ChibaNT)\cmp_009400.sg2
cmp_000200.sg2-cmp_009400.sg2

Source= 10.0m Time (ms)

0 100 200 300 400 500 600 700 800 900 1000

11

1100

00

- |
Use 4% "’ ‘ to scroll CMPCC gathers E o -
()
g 13
® | .
e 15 —
17
19
21
WP
% C:\Koichi\SeisImager\Pickwin95_ee\testdata\SurfaceWaveExample(ChibaNT)\cmp_009400.sg2

PW cmp_000200.sg2-cmp_009400.sg2



Examine CMP Cross-Correlation (CMPCC) gathers

It is strongly recommended to take a look

o ) Source=10.0m Phase velocity (m/s)
several phase velocity images to decide phase ) 6 100 50 »o0 »o 200
velocity and frequency ranges, and minimum
frequency to pick phase velocity before picking g
dispersion curves 4
6
Select “Surface wave analysis”, “Phase velocity- 8
frequency transformation” or press “Ctrl+D” to :2
show a phase velocity image for each CMPCC 14
gather. 16

Surface wave analysis  Processing (A) Option Help

transformation

u Hz
i\é &

Freq
%]
e

20



Calculate phase velocity images and pick
dispersion curves for all CMPCC gathers

Select “Surface wave analysis”, “Phase Set up phase velocity and frequency
velocity-frequency transformation and range based on phase velocity image
picking (2D/3D)” shown in previous page.

Surface wave analysis  Processing (A) Option Help
Phase velocity OK

Start 0 m's
Cancel
Up —
@ | End 300 /
Calculate Shot Cross-Correlation (SCC) gathers > m's Down Advanced menu

2D Spatial Autocorrelation (SPAC)

Phase velocity-frequency transformation

Calculate CMP Cross-Correlation (CMPCC) gathers Frequency
ity-frequency transformation and picking (2D/30D) Start 0
H=z

Up
| End 40 Hz Down

Minimum Frequency | 3 Hz
Maximum Frequency | 40 Hz
[v Use median filtter

# of sample for median filter =| 3

Setup min and max. wavelength

[v Wavelength imitation
Maxinmum wavelength | 4 times
Minimum wavelength | 2 times

OK

Cancel

Advanced menu

Setup min and max_ phase velocity

Change minimum frequency

to pick dispersion curves Mo Frequency |5 | B2 oF @
Cancel

based on the phase velocity M Frequencs [0 gt

PW

Minimum phase velocity = 35 m's
Maxinmum phase velocity = 300 m's

Setup area for phase-velocity picking

[ Use current phase-velocity as minimum velocity for picking

Phase-velocity area | 100 m's

21



Calculate phase velocity images and pick
dispersion curves for all CMPCC gathers

Picked dispersion curves were automatically saved in a .pvs file.

Pickwin % Source=12.0m Phase velocity (m/s)
0 50 100 150 200 250 300
. Dispersion curves were saved into 0 | ‘
; !3\5 Ch\Koichi\Seislmager\Pickwin95_ee\testdata\SurfaceWaveExample(Chib
aNT)\phase_velocity_curves.pvs 2
4
6 ="
_ o | ¢ — |
12 | |
. 14
It is strongly recommended to take a look several 16
phase velocity images. ¥oo8
. . = 20
Select “Surface wave analysis”, “Phase velocity- e Red circl 41
frequency transformation” or press “Ctrl+D” to S 2 d'e cm; €5 corresp])con ho d
. . . L
show picked dispersion curves on a phase i |s|pe.rtS|c?n curves tor fl dse
velocity image for each CMPCC gather. 30 velocity Image currently
2 shown.
_Surfacewave analysis  Processing (A) Option Help 34 Green |ineS Correspond tO
Phase velocity-frequency transformation Ctrl+D iz other CMPCC gatherS.
40

22



Show dispersion curves by WaveEg

WaveEq is automatically launched and phase velocity curves appears.
Select “Surface wave analysis”, “Show

Phase velocity curves (2D/3D)". Frequency (Hz)

0 5 10 15 20 25 30 35 40

300 T
Surface wave analysis  Processing (&) Option Help 100m 52440m 20m 10m

8

Pick phase velocities (1D) @ q.@i
Show phase velocity curve (1D) <launches WaveEq s 250 5 };

Calculate Shot Cross-Correlation (SCC) gathers

2D Spatial Autocorrelation (SPAC)

Pl
I
L
L
T O
[CONES O H
o T
| L

] 200 oo -
Calculate CMP Cross-Correlation (CMPCC) gathers =

Phase velocity-frequency transformation and picking (2D/3D)

[ [t
— : 2 om
- B

3
]
=

oo adaay
@
L

f )

O e
G Omw

{0 Do

.
£
[T
-
*ih,
T

Show phase velocity curves (20D/3D) <launches WaveEq>

150 2R Wt - R Sl i N 51 D

Phase velocity (m/s)
Ja
5]
[t
DU 0 ;
GG
o
‘ﬁv}
R
Y
i
o
]
-
3
rel
[
NI,
i
b
o
FAEw)
sl

2m

100 BeCreioRsSeraWinade N NEy e

50 =
Red to yellow and green to blue colors correspond to the

beginning and ending of the survey line respectively.

N C N | | | | | | |
0
% V Dispersion curves : cmp_000200.sg2-cmp_009400.sg2
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Show dispersion curves by WaveEg

. . Frequency (Hz)
Delete noises or unnecessary phase velocities
. . 0 5 10 15 20 25 30
like 1D processing. 200 |
100m | 50r40m 20m 10m
SJ
Sk
Use 4 » &« W toscroll dispersion curves. 250 = q—e\}x
Uy E Ry
o e L
DisF | DisF | DisF 200 o© 1l s
Use _1_|Hext| All | to change how many o5 8 o 3 . N
dispersion curves are shown. 2 o ¢ o158 0 g
z 150 8 % A -
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Edit dispersion curves

Click to select multi-phase velocities. Hit “Delete” key to delete selected phase velocities.
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Fhase velocity (m/s)

Edit dispersion curves

Frequency (Hz) et .
Select “File”, “Save 2D/3D phase velocity
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300 | curve” to export all dispersion curves to
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Create an initial velocity model

Select “MASW/MAM (2D/3D)”, “Initial
model” to create an initial velocity model.

MASW/MAM (2D/3D) (T) Options (O) Help (H)

Initial model

SN

Set depth and the number of

layers of model and click “OK”.

Depth =

# of layer =

15

15

OK

Cancel

Advanced menu
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Create an initial velocity model

Initial velocity model appears. Use & I8 X to change how many velocity profiles are
shown like dispersion curves.
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Show 2D velocity model by GeoPlot3D

Select “MASW (2D/3D)”, “Show 2D velocity model
<launches GeoPlot>". Note that you can apply inversion
before showing 2D velocity model.

_ MASW/MAM (2D/3D) (T) Options (O) Help (H)

Show 2D velocity model <launches GeoPlot=

GeoPlot launches and velocity model appears.
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Apply inversion

Select “MASW (2D/3D)”, “Inversion (2D/3D:All data)” to

: . : . Set the number of iteration for inversion
apply inversion to all dispersion curves at once.

and click “OK” to start the inversion.

MASW/MAM (2D/3D) (T) Options (O) Help (H)

Show 2D velocity model <launches GeoPlot=

OK

Tteration =| 2
. Cancel
Initial model

Inversion (2D/3D:All data)

Advanced mem

See “Seisimager/SW-ProTM Manual” for more details about various inversion.



