- Seisimager/SW-3D

Tutorial for ambient noise tomography processing
using Seislmager/SW-3D

* Processing ambient noise data obtained by Atom.
* Seislmager/SW3D license is required.

e Download the latest installer from :
https://seisimager.com/download/Seisimager.zip

* Download the example data from :
http://seisimager.esy.es/GeophysicalDatabase/mam 3d.zip

* See “2D/3D ambient noise tomography processing using SPACPlus
and other Seisimager modules” for more details



https://seisimager.com/download/SeisImager.zip
http://seisimager.esy.es/GeophysicalDatabase/mam_3d.zip

Import Atom data files

Select a root folder of data.

Double click icon to launch SPACPIlus Browse For Folder
r Select a folder
SP+ 5 SeisRead

» Short Courses

Standard contour

StripeData
SuspensionyT —4
> TestData
v TestProcedure

Select “File”, “Open folder”. v [ ExampleData

HPV
r,.' SPACPIus - SPACPIus1 MAM(T10_50m)
> MAM_2D
‘| File | Edit View Window 2D/3D Batch Utilitie . MAM. 3D (Base B)
; L_j Open folder Ctrl+MN v MAM_3D (Delta)
p Data
MASW_1D
S MASW 2D

» Refraction

SP+



Import Atom data files

Confirm number of seismograph (Atom acquisition units).

Confirm number common time blocks (CTB).

SP+

SPACPIus

2
o e ]

SPACPIus

W
)

!."':;:_ MNumber of seismographs = 36
ft

OK

!."':;:. Number of common time block (CTB) = 3
o

OK
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The example data include three CTBs.

Common t

[RTET IRy

80

70

60

50

40

30

20

10

0.00

(A) aBeyoa nou|

MO NOMNDOTOONWLNO - OMUWMNSD«—MONDO«— MM OMmO N
OO0 rrrrr O ANAMOONFT SIS TS SOIODO0O00C0CODOO NN~
oodooooooo oo ooooooooooooodococoogo
S oo oS ooo oo oo o oo oooocooooooogo
sisNslslslslslslisfslslslsfsfslslslslslslslslslelelslelclielelelslsleNs N
T T TR E T EEFEEEFETEFEFEFEE T EEFEE TR R e e —
T = - ||\I-|l| =
N L] N NN
........ DT ] e L PR T T T
O D LT T e L FEE B
| — —
e | 4 m=fll==
EgeipaP = u.w‘lnw
Ee el
—_—
=]
—
== e ke T
|l =R e
L=
LR LA
L3 [ F =g [ =
L =l
L | | LI+ =
palilln pee Lyl
= = T =
- | L e
=l =P
M= [
L E=ECh
o= =
B = (.-
- M .-m B
ol F
=
(=]
e
=
(o]
bl
[sp)
=2
[+9]
o L
~rE
=
oM
N |
o =]




Prepare geometry file (array-all geometry.txt)

CTBindex AtomID X Y

AR

<

100026 81 27
100029 81 36
100032 81 45
100035 72 0

0 100007 30 0
0 100008 30 9
0 100003 30 18
0 100012 390 27
0 100016 30 36
0 100017 30 45
0 100019 81 0
0 100020 81 9
8 100024 81 13
0

0

0

100066 45 I
100068 45 9
100069 45 13
100072 45 27
100073 45 30
100074 45 45
100007 36 0
100008 36 9
100009 36 15
10001% 36 27
100016 36 36
100017 36 45

100019 27 0
mnnnen 27 0

— e e e e e e O D D D O D




Import geometry file

Select “2D/3D”, “Open sensor location file” Open sensor location file.

.. SPACPIus - [SPACPIus1]

9

File Edit WView Window

20/3D | Batch Utilities Option Help

Y

=R =AU

C:\Koichivseisimagerianage

0.00

2017/08/31 21:

Open sensor (Atom AU) location file
Set up sensor locations from GPS
Show sensor locations

Show geometry
CMP SPAC
Show coherencies by Pickwin

Advanced options

Confirm number of sensor locations.

SPACPIus

\

\.\ . . . -
r !-K 108 locations were imported. Number of sensor location = 66

OK

Select geometry file.

',. Open
“— v 1 <« ExampleData > MAM_3D (Delta) > Data
Organize ~ New folder
ot Seisimager ™ Name
o temp 17083121
@ OneDrive 17083122
17083123
™ Thi
 This PC D array-all_geometry.txt
- 3D Objects ER
I Desktop [El Gps_average.tt
Documents D GPS_trajectory.txt
¥ Downloads =l McSEIS-MT-NEO_manual_gain.txt
J’ Music
[&=] Pictures
E Videos
£ 05(C)

v £

File name: |array-all_geometry.txt

X
v U SearchData e
=- O @
Date modified Type Size
4/16/2020 7:56 AM File folder
4/16/2020 7:56 AM File folder
4/16/2020 7:58 AM File folder
9/4/2017 10:37 AM Text Document 2Kl
4/16/2020 812 AM Text Document TKI
4/16/2020 7:36 AM Text Document 4 K1
4/16/2020 7:36 AM Text Document 71Kl
4/16/2020 8:13 AM Text Document 0Kl
>
V| Sensor location file (%.%) i



S h O W g e O m e-t ry 3. SPACPIus - [SPACPIus1]

'5,: File Edit View Window | 2D/3D | Batch Utilities Option Help

SeleCt ”2D/3D", ”ShOW geometry" to L__}‘ @ L!;. @ r@l EEE bs Open sensor (Atom AU) location file
. o i Set up sensor locations from GPS
show geometry or sensor locations etc. C:\Koichi\SeisImagerManage
Show sensor locations
0.00 Show geometry

2017/08/31 21 cpup spac

Show coherencies by Pickwin

Advanced options »

-6.01 13.99 33.99 93.99

Sensor location, geometry, and/or receiver

40 = =

pairs appear. Use “View” menu to
switch/select elements to be shown.

View (2D/3D)

. Show SPAC pairs -

: Show bins

/ Show CMP pairs in a selected bin

20

Show number of pairs




Set up bin size of CMP grids

Select “2D/3D”, “Set bin size” to set up bin (grid) size.

.. SPACPIus - [SPACPIus1:2]

/@7 Window Edit Geometry (1D) | 2D/3D | View (2D/3D) CMP grids appear on geometry.
J:Ej ﬂm@m%% Set bin size

Save sensor locations used in each bin

93.99

10

S e e | 0
A 2 e
Set bin (grid) size and are of processing if necessary.
U‘j 20
Bin size for CMP calculation X
0K
Bin size Ao b
Cancel N %é\%:\“‘
First distance ID ID =
0
Last distance Igg |45

T RN T T




Calculate CMP-SPACs

Select “2D/3D”, “CMP SPAC”.

.. SPACPIus - SPACPIus]

: File Edit View Window

20430 | Batch Utilities Option Help

Set (confirm) Bin size and click “OK” to start calculation.

Bin size for CMP calculation

@ =&,

5
','.' SPACPIus1:1

C\Koichi\SeisImagerMz

0.00

| |2 4
rurfl.lllfn.l 1

5 ql.n“l..lll

Open sensor (Atom AU) location file
Set up sensor locations from GPS
Show sensor locations

Show geometry
CMP SPAC
Show coherencies by Pickowin

Advanced options

Confirm number of CTBS etc.

OK
Bin size < g
Cancel
First distance N N
Last distance Ign 45
/
3
SPACPIus X

s Mumber of all CTBs = 3
!K} Mumber of CTBs to be processed = 3
Total number of sensor pairs = 1890

oK




Calculate CMP-SPACs

Several messages appear and confirm them.

$

Calculation will take several minutes.

$

After completing CMP-SPAC calculation, Pickwin
shows CMPSPACs. Click “Yes” to continue.

a g~

SPACPIus X

!1\ m = 132 n= 2145 (total number of pairs = 2145)

_—

oK

SPACPIus

s CMP stacking completed. 50 CMP 5PAC files were saved.

Y

File list was saved in FileList_CMPSPAC xm

OK

SPACPIus

'e Do you want to show coherencies by Pickwin ?

Yes Mo

10



Show CMP-SPACs by Pickwin

Pickwin is automatically launched and a file list of CMP-SPACs appear.
Click “OK” to continue.

File list hd
Index Edit D CMPX (km) CMPY (km) T oK
0 — [o 45 45 o E [2020/4/16 9:4825.000 Cancel
1 — |o 4.5 | 13.5 0 o | 2020/4/16 9:48:25.000 Next
2 — |o 4.5 225 0 0 | 2020/4/16 9:48:25.000 Back
45 315 0 0 2020/4/16 9:48:25.000
Enlat R R o | > —
45 405 0 0 2020/4/16 9:48:25.000
' = ’ | . | . | | | : Set # of aux.
5 |1 | 13.5 4.5 0 0 | 2020/4/16 9:48:25.000
6 — |1 | 13.5 | 13.5 0 0 | 2020/4/16 9:48:25.000 —
7 |1 | 13.5 225 0 0 | 2020/4/16 9:4825.000 Export
8 |1 13.5 BE 0 o | 2020/4/16 9:48:26.000 Import
9 |1 13.5 40,5 0 o | 2020/4/16 9:48:26.000
Number of files
[v Apply source coordinates from file header (" Active data IT
y [v Apply receiver coordinates from file header (& Passive data

PW



PW

Show CMP-SPACs by Pickwin

SPAC (coherence) appears. Use & ‘ v ‘buttons to scroll the bins (SPAC files).

Distance (m)

10

1"

12

13

14

15

16

17

18

19

20

Frequency (Hz)
30 40 50 60 70 80

90

100

110

120

130

Coherence : C:\Koichi\SeisImagerManagement\TestProcedure\ExampleData\MAM_3D (Delta)\Data\cmp_spac_0_0.cch



Show CMP-SPACs by Pickwin

click Gr| to show CMP grids.




Show CMP-SPACs by P

-1

49

69

89

40

Select a bin (grid) using mouse.

20

50

Frequency (Hz)

60 70

80

90

100

110

120

130

Click ‘af ‘ to show a CMPSPAC at selected bin (grid).

24
29
34

39

Distance (m)

44
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Coherence : C:\Koichi\SeisImagerManagement\TestProcedure\ExampleData\MAM_3D (Delta)\Data\cmp_spac_2_2.coh



Calculate dispersion curves

Select “Surface wave analysis”, “Phase velocity-
frequency transformation and picking (2D/3D)”".

= Pickwin -

B

i

| [ 1 e O v % e e [

Status : No editing

14

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

Phase velocity-frequency transformation

Pick phase velocities (1D)

Show phase velocity curve (1D) <launches WaveEq=>
Calculate Shot Cross-Correlation (SCC) gathers

2D Spatial Autocorrelation (SPAC)

Calculate CMP Cross-Correlation (CMPCC) gathers

Phase velocity-frequency transformation and picking (2D/3D)
Show phase velocity curves (2D/3D) <launches Wavekq>
Calculate Fourier spectrum

Show H/V spectrum <launches WaveEq:>

Advanced options

Set phase velocity and frequency ranges.

Ctrl+D

Phase velocity-frequency transformation

Phase velocity

Start

0

m's

l:-i- Eﬂd ‘ -

Frequency
Start
(" End

O

II:_:
=]

OK

Cancel

_Ur |
R | Advanced menu

Down

15



Calculate dispersion curves

Set minimum frequency.

Min. and Max. frequency

Minitmum Frequency Hz

Maximum Frequency | 10 Hz

PW

OK

Cancel

Advanced menu

=)

It will take a while to complete the calculation.

Pickowin

Dispersion curves were saved into
! b ChKoichivSeisimagerfanagementyTestProcedure\ExampleData\WMAM_
3D (Delta)\Data\phase_velocity_curves.pvs

oK

16



Show dispersion curves

Select “Surface wave analysis”, “Show Phase
velocity curves (2D/3D)".

= Pickwin -
File Edit/Display View Pick first arrivals Downhole seismic analysis = Surface wave analysis Processing (A) Option Help

HEENGPEEET 1| R Ee

|T—-|- Phase velocity-frequency transformation

] ] Pick phase velocities (1D)
Status : Pick phase velocity

Click left mouse button to move one pick or drag to moy

Show phase velocity curve (1D) <launches WaveEq>
Calculate Shot Cross-Correlation (SCC) gathers
2D Spatial Autocorrelation (SPAC)

0 10 20 3 Calculate CMP Cross-Correlation (CMPCC) gathers

Phase velocity-frequency transformation and picking (2D/3D)
Show phase velocity curves (2D/3D) <launches WaveEq >

9 Calculate Fourier spectrum
Show H/V spectrum <launches WaveE

14

R Advanced options
= gy W

PW WE

by Wavekq

Wavekq is automatically launched
and phase velocity curves appears.

w Wavekq -

File (F) Edit(E) View (V) H/V curves (H) Dispersion curves (D) Velocity model (M) MASW/MAM (1D) (I)
Bt % 2 VLA 1| ¥ e [°88|* ] R 5 0 o | e P I

||| 5 = O A w0

MASW/MAM (2D/3D) (T)

Options(Q) Hel

Frequency (Hz)

Ctrl+D 1
500

200m

100m

400

350

300

250

200

Phase velocity (m/s)

150

100

50

Dispersion curves : cmp_spac_0_0.coh-cmp_spac_9_4.coh

50m

17



Show dispersion curves by WaveEg

Delete noises or unnecessary phase velocities Frequency (Hz)
like 1D/2D processing. 1 0

500

200m 100m 50m

450

Use |&|w|«|®| to scroll dispersion curves.

400

Use &' Eﬁ” to change how many

dispersion curves are shown. 300

DisP
Hext

350

250

Click Gr‘ to show CMP grids.

200

Phase velocity (m/s)

Dixf | Di 150
Use *| "P| to show dispersion curves
in X or Y direction. 100

50

g 0
% Dispersion curves : Delta-1.pvs




Create initial velocity model

Select “MASW (2D/3D)”, “Initial model”. Set depth of model.

MASW/MAM (20/3D) (T) Options(O) Help(H)
Show 2D velocity model <launches GeoPlot=
Show 3D velocity model <launches GeoPlot3D= | 0K

Initial model for inversion X

Initial model Cancel

Inversion (2D/30:All data)
Inversion (with N Advanced menu

Advanced inversion > Depth = 50{ m

Calculate RMS for all data # of laver = 15

Advanced options >

Almighty >

19



Create initial velocity model

Initial velocity model appears.

Index=45 Station=CMP 45 (X=85.500000m Y=4.500000m)

Elevation=0.000000m

Depth (m)

WE

10

15

20

25

30

35

40

45

a0

0

S-wave velocity (m/s)

50 100 150 200 250 300 350 400 450 500

................................................................................................

S-wave velocity model (initial) - Delta-2_pvs

Depth (m)

Use|‘m"-ls

Bxt

10

15

20

25

30

35

40

45

50

S-wave velocity (m/s)

0 50 100 150 200 250

300

350

Hﬂ or |Ui"u'§| to change how many

velocity profiles are shown like dispersion curves.

400

450

500

S-wave velocity models (initial) - Delta-2 pvs

20



Select “MASW (2D/3D)”, “Show 3D velocity model

Show 3D velocity model by GeoPlot3D

<launches GeoPlot3D>". Note that you can apply inversion

before showing 3D velocity model like 2D processing.

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

WE

Show 2D velocity model <launches GeoPlot =
Show 3D velocity model <launches GeoPlot3D:>

Initial model
Inversion (2D/30:All data)
nversion (with M)

Advanced inversion
Calculate RMS for all data
Advanced options

Almighty

ﬁy

(O]
oo

—)

GeoPlot3D is automatically launched.

Confirm number of models (dispersion

curves) and layers.

File View Model Edit Interpretation Drawing tools
O = & S TN derdw Tl
GeoPlot3D it

# of models = 50 # of layers = 15

Ok

21



Show 3D velocity model by GeoPlot3D

Confirm number of CMP grids.

Processing area appears. It indicates the minimum
and maximum X and Y location of CMPs.

-

(O]
oo

GeoPlot3D

Mumber of grids : X = 10Y = 5

oK

GeoPlot3D

i X 4.500000 85500000 :Y 4,500000 40.500000

OK




)

oo

Show 3D velocity model by GeoPlot3D

Rotation of grids appear.

!

Set up drawing area in dialog box.
Usually do not need to change.

Min. and max. area

GeoPlot3D

] Angle=5361904
L3 b

s—)

oK

m 90

OK

Cancel

23



Define grid size -
and generate to

nography.

Set up grid (cell) size for interpolation.

Usually do not need to change.

Surface topography appears. Default
topography is flat. You can import

topography file it necessary.

‘or interpolation

Topography

Y (m)
45

41
36
32
27

23

Model size X
Nx= |40 Dx= |25 OK
. Cancel
NY= 20 DYy= 225
NZ= 0 DZ= 2.3
Reflesh
Mumber of section = 1
Xcells =40 cells = 20 # of planes = 0
NX=40NY =20NZ=0
Min. = 0.000000 Max_ = 0. 000000 n = 36 (0)
Elevation
38.04880 -121.74208 28.04886 -121.74104
7.78
5.56
— 3.33
= 1.11
— -1.11
—-3.33
= -5.56
-7.78
-10.00
38.04839-121.74202 28.04846-121.74100 (m)
18 27 36 45 54 63 72 81 90

X (m)



Create 3D velocity model

% Untitled - GeoPlot3D

File View  Model Edit Interpretation Drawing tools

L= E Show XY origin
Topograpk Set latitude and longitude at corners

Select “Model”, “Create model”.

X cells = 4 Create model

NX =40 N Increasing with depth

GeoPlot3D oy

Confirm number of data.

! MNumbe of data (receiver) = 50

o ]

OK

oo



Create 3D velocity mode

Model size et
nx= |40 Dx= |223 0K
Set number and size of cells. Model will be created R o Cancel
; NyY= |20 Dy= |2.25
to 50 m (20 x 2.5 m) depth in the example.
NZ= 20 DZ= 25
Reflesh
Zplane N=0(-25t000m) Mumber of section = 1

Xcells =40 cells = 20 # of planes = 20
NX =40 NY =20 NZ = 20
Min. = 0.000000 Max. = 0.000000 n = 26 (1)

Y (m) S-wave velocity
45 28.04880 -121.74208 28.04886 -121.74104
500.00
41
400.00
. . 36 330.00
3D velocity model is generated and a " 28000
H 240.00
plan view appears. 27 o000
23 160.00
18 140.00
120.00
14
100.00
9 80.00
5 60.00
40.00
0

23.04829 -121.74202 28.04848 121.74100 (m/sec)
a0

18 27 36 45 54 63 72 81

X (m)



Show 3D velocity model

Use Z Y X

to change plan view/cross sections to be shown.

Use <

B M W toscroll depth or distance of plan view/cross

sections to be shown.

Number of section = 1

Cross section(X)

Xplane :N=0(00t0 2.3 m)

Xcells = 20 Y cells = 20 # of planes = 40
NX =40 NY = 20 NZ = 20

Min. = 0.000000 Max. = 0.000000 n = 26 (1)

Depth (m)

Number of section = 1

S-wave velocity

500.00
400.00
330.00
280.00
240.00
200.00
160.00
140.00
120.00

Zplane : N =3 (-10.0to -7.5 m)

X cells = 40 Y cells = 20 # of planes = 20
NX =40 NY = 20 NZ = 20

Min. = 0.000000 Max. = 0.000000 n = 26 (1)

Plan view
(depth slice)

Y (m) S-wave velocity
45 38.04880 -121.74206 ’ 3804886 -121.74104
| 'I / [ 500.00
I | / f l\ y
;I / /,/ 1\ S 400.00
% | ;’f{ y | o 330.00
S y ) ; §
32 >~ S / / A e \II ] 280.00
Ay s T - 240.00
27 e ; A e I| 4
Ve }./ /./ // // - '! { 200.00
23 / J Vi ‘ 160.00
| S~ S ) i B
18 k\ - 7 N~ A \\ 140.00
S . - 7 ~ - _
14 N e A Y AN 120.00
e o 1\ B A 100.00
9 I y o= N P 80 00
//_h_ ., f \ -'\‘
5 / N | AN >~ T 60.00
/ | f Y -~ 7 hY 14000
0 I | I | e i )
38.04839 -121.74202 2804848 -121.74100
9 18 27 36 45 54 63 72 81 90 (m/sec)
X (m)

100.00
80.00
60.00
40.00

0 5 9 14 18 23 27 32 36 41 45 (msec)

Y (m)
Y plane - N=0(0.0t0 23 m) Number of section = 1
X cells =40 Y cells = 20 # of planes = 20
NX = 40 NY = 20 NZ = 20

Min. = 0.000000 Max. = 0.000000 n = 26 (1)

Cross section(Y)

Depth (m) -wave velocity

500.00
400.00
330.00
280.00
240.00

200.00
160.00
140.00
120.00
100.00
80.00
60.00
40.00

(m/sec)

X (m)

27



Show 3D velocity model

Click @to draw 3D images.

Use F8 S & = [l B to rotate a model or change scale.

S-wave velocity

X
500.00
400.00
S-wave velocity
330.00
500.00 280.00
50 )
400.00 240.00
~10.0 <
~15.0 4 —
280.00 — 160.00
~200 //—F’:: —
== 24000 — 140.00
250 ;‘i’::i:;’ ||
el 200.00 ] 12000
30,0 e i e "//:/"' | L]
e T L 160.00 (=] 100-00
-350 - || —
— 140.00 80.00
“+0.0 -
— 120.00 60.00
450 |
L 400.00 40.00
~50.0
L (m/sec)
80.00
60.00
40.00
W (m/sec)

P
D 28



