* Processing ambient noise data obtained by Atom.

* Seislmager/SW3D license is required.

- Seisimager/SW-3D
2D/3D ambient noise tomography processing
using SPACPlus and other Seislmager modules

 Download the latest installer from : http://seisimaqger.com/download/SeisImaqger.zip

e See “Seisimager/SWTM Manual”, “Seisimager/SWTM Manual Addendum (H/V)” and
“Seislmager/SW-ProTM Manual” for the detailed analysis of dispersion curves and/or
H/V curves.
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http://seisimager.com/download/SeisImager.zip

Processing flow

Downloaded data from Atom

' Select common time block (CTB) to be processed

SP+

Edit CTB (optional) CTB file (.mtd)

Import sensor location file

CMP-SPAC calculation

Coherency file (.coh) (€=

Set up geometry
Extrapolation for CMP-SPAC (optional)

Dispersion curves

» Edit dispersion curve (optional) WaveEq

Create initial velocity model

Inversion

Final 2D/3D velocity model

2D 13D

Set up grid size

¥

Interpolation

Final gridded 3D velocity model

Optional

*----

> 2D cross section




You may save intermediate files and resume processing.

Waveform files (.atm)

Waveform data obtained by Atom

Waveform files (.mtn)

Waveform data obtained by MT-Neo

SEG2 files (.dat, .sg2)

Waveform data obtained by Geode etc.

Geometry (.txt)

\ 4

__________________

ASClI file

CTB (waveform) files (.mtd) Binary file

__________________

—> File list (.xml)

— Coherency files (.coh)

.

2D velocity model file (.geo) «—

GeoPlot

Pickwin “
1 —> Phase velocity file (.pvs)
Wavekq <
lgo
———m e GeoPlot3D |« > 3D velocity model file (.md3)
Optional x
' Optional

Topography (.txt)



SW3D option in Seisimager

“SW3D option” should be checked in SeisimagerRegistarioan
to use 2D/3D ambient noise tomography processing functions.

& Seislmager Registration X

Exit

Send the keyword to your sales agent and get a password.

Your keyword is

ot Seislmager

Enter the password

Pickwin Plotrefa WaveEq GeoPlot GeoPlotiD PSLog SPACPlus
. ¥ - Y t‘" Y . ’ G (N r c
[<]
C W - PRI e WE| | GP| | o % | S| | o SP+
€ € @
s s
- [ | 2D - Pro
=
McSEIS MT-Neo can be used. - Lexxr . monomy
Geode can be used.
Kyoto University functions are available. | 5= e

User information
[v' Send user information to SeisImager.com

Last (family) Hayashi First (given) Koichi

E-Mail address | khayashi@ geometrics.com

Server URL |http:-'-'5ﬁ' imager.com/SeisImager

Advanced options

=

S|
Reg

3C SPAC processing using Seislmager




Window structure of SPACPIlus

2D/3D CMP-SPAC processing

~_ (explained in this instruction)
~ ~~“s

Main window ~

A 4

U4
; A\
" \ Select one CTB S Geometry window Il
\ /

S \ Common time block S IR
~ \ : \\
S N\ (CTB) window .
\~~---~ —\ —_—"
~---- _——-——————___
\
\ \\
(N Set geometry and calculate SPAC \\

\ > SPAC window \

S Phase velocity window
N

1D SPAC processing So

~
(See “Passive and Active Seismic Surveys ~~S«

using Atom and SeisImager : Quick Start”)

N o’




Setting of SPACPlus

Cption | Help

Option | Help
FFT overlap 0%
FFT length 25%
Time axis 30%

FFT overlap
FET length
Time axis
Filter

Color

Spectrum

Advanced options

Japanese

- v v v

w

Define time

312
1024
2048
4096
8192
16384
32768
65536
131072
262144
524288

| 1 EA XN




1. Import waveform data files



Geometry optio

A) All CTBs are in one set of data
(number of sensors must be identical)

n of waveform data

B) CTBs are in several different sets
(number of sensors can be different)

) -

.mtd file

.mtd file .mtd file

A 4

CMP-SPAC analysis |




Example of data A

w+ SPACPIus1 =X

C\Koichi\SanJoseMAM\CSU_East_Bay'\Delta\2017 measuremenls\Shennan\Data(EU17_08_31)\Grid(lest}}_l__ (min)
Ime({min
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Common Time Blocks (CTBs)




Example of data B : save CTB as .mtd file

) spachiust =B S

C:\Koichi\Business\2018\Singapore(2018)\Data(Base B)\Base B(Microtremor)\Array 3

Time(min)
0.00 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

102078108 Select “File”, “Save data file
= (.mtd)” to save a CTB as .mtd file.

m SPACPIus - SPACPIus1

Acc . (gal)

:| File | Edit View Window 2D/3D Batch Optior

i[l.7 Open folder Ctrl+N

Open last folder

Open folder with date selection

Create folder information file

100950

Open a SEG2 file

< > Open SEG2 files

Open ASCII data file

Open a SEGZ file (coherence)

Atom (USB) »

v Atom (WiFi) »
&

Change destination folder

mtd file Open data file (*.mtd)

Save data file (*.mitd)

Open CTB files (*.mtd) for 2D/3D analysis

10




Example of data B : import several CTBs (.mtd files

i=rn
| SPACPIUs - SPACPIus2 mﬂ Open %
File | Edit View Window 2D/3D Batch Option - v 1 « Base A(Microtremor) > Passive > CTB.mtd v |© | Search CTB.mtd o
= Open folder Ctrl+MN
o Organize ~ New folder = - M @
Open last folder ~
5 & OneDrive “ [] Name Date modified Type Size
Open folder with date selection §
| = Thic PC | | arrayl.mtd 7/15/2018 .03 PM  MTD File 154,1
Create folder information file i ' L1 array2.mtd 7/15/2018 1:09 PM  MTD File 194,4
3 3D Objects = :
Oben a SEG? file | | array3.mtd 7/15/2018 .11 PM  MTD File 190,1
P m Desktop
Open 5EGZ files % Documents
Cpen ASCII data file 3 Downloads
Open a SEG2 file (coherence) b Music
Atom (USB) N = Pictures
Videos
Atom (WiFi) > -
JL S 05(C)
\=¥ Change destination folder
=y USBSTORAGE (\\EPSON
Open data file (*.mtd) . v £ >
Save data file (*.mtd) File name: |"array3.mtd” "arrayl.mtd" “array2 mtd" ~ |  |CTB file(*.mtd) ~
Open CTB files (*.mtd) for 2D/3D analysis
Open Cancel

11



Example of data B : import several CTBs (.mtd files)

SPACPIus

.

SPACPIus

—

array1.mtd : Number of sensor = 54

>

OK

array2.mtd : Number of sensor = 65

OK

SPACPIus

Mumber of CTB files = 3

Maximum number of traces = 70

oK

SPACPIus

—

array3.mtd : Number of sensor = 70

oK

SP+
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Example of data B : several CTBs
with different receiver numbers

» | SPACPIus2:2 E=nEER X
~
Time(min) Time(min) Time(min)
0.00 10 20 30 40 0.00 10 20 30 40 50 0.00 10 20 30 40
F= e = 2 e
e e e |
0.05
o 0.2 e
T
o oo oo
9 = et e
< S =
o 2 9
< RRE 8 tes
o ——— ( o ————
-0.05
-0.2
——— | —_— =
—— = —_— =
100150 == o
100150

13



2. Prepare and import a geometry file



Prepare geometry file (ASCI| f||e)

CTBindex AtomID X

#*#

<

100029 81 36
100032 81 45
100035 T2 0

0 100007 0
0 100008 90 9
0 100009 30 13
0 100012 30 27
0 100016 30 36
0 100017 80 45
0 100019 81 0
0 100020 81 9
0 100024 81 18
8 100026 81 27
0

0

100066 45 0
100068 45 9
100069 45 18
100072 45 27
100073 45 a6
100074 45 45
100007 36 0
100008 36 9
100008 36 18
10001Z 36 27
100016 36 36
100017 36 45

100019 27 0
mnnnen 27 G

e e e e e O O O O O O



Import geometry file

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

Open sensor location file. ¥ Open X
“— v « Data(Base &) » Base A(Microtremor) > Passive v O Search Passive R
EDED Op‘tigh HE"FI Organize = New folder = - @ @
~
] & OneDrive ~ Name Date modified Type Size
Open sensor location file . -
= This PC CTB.mtd 8/22/2018 12210 PM  File folder
. : Day 1 7/3/2018 5:16 PM File fold
Show sensor locations 3D Obiects ay e ! e loaer
] ) .
Day 2 7/3/2018 5:20 PM File folder
= Desktop [§ CTBPNG 7/2/2018 147PM  PNG File
Show geometry & Documents [ Field Recordxls 7/2/2018 157 PM  Microsoft Excel W...
 con & Downloads 5 Geometry all At 7/4/2018 259 PM  Text Document
C H""J 5 ""'-': D Music B Geometry all Axlsx 7/4/2018 2:59 PM Microsoft Excel W...
= Pictures E Geometry.txt 7/2/2018 1:34 PM Text Document
Show coherencies b}r Pickwin g Videos El ReadFirst.xt 7/2/2018 405 PM Text Document
Z. 0S(C)
=3¢ USBSTORAGE (\\EPSON|
v < >
File name: | Geometry all A.txt ~ ‘ Sensor location file (*.%) ~
SPACPIus *

Confirm number of sensor locations.

! , 189 locations were imported. Mumber of sensor location = 164

OK

16




3. Show and edit sensor locations (geometry)



Show and edit sensor locations

Select “2D/3D”, “Show sensor locations”
to show or edit sensor locations.

2D/3D | Option  Help

Open sensor location file

Show sensor locations

Show geometry
CMP SPAC

Sensor locations

oK

Cancel

Mext

Back

CTB Index = I 0

Sensor (AU)ID X Y

| 100007 | 90 |0

| 100008 | 90 E

| 100009 | 90 |18
| 100012 | 90 |27
| 100016 | 90 | 36
| 100017 | 90 |45
| 100019 | 81 |0

| 100020 | 81 E

| 100024 | 81 |18
| 100026 | 81 |27

18



Show geometry

Select “2D/3D”, “Show geometry” to
show sensor locations.

W - E (m)
2D/3D | Option Help -4.90 . 510 - 15.10. 25.10. 35.10 4210 55.10 65.10 o 75.10 o 85.10
Open sensor location file
_ 40
Show sensor locations
L L] L » L ® o o @ @
Show geometry
CMP SPAC 20
Show coherencies by Pickwin . * » * » ] ® ] ] ] ]
E
z
w 20
L g L] L - L ® o o @ @
10
L L] L » L ® o o @ @
0 . e s x . o - .




4. Set up bin size



Set up bin size (3D processing)

20/3D

View (2D/3D)

Set bin size

Bin size for CMP calculation
Bin size Ig Ig
Cancel
First distance I o I o
Last distance I an |45
W-E(m)
-4.90 5.10 15.10 2510 35.10 4510 55.10 6510 7510 85.10

40

21



Set up bin size (2D processing)

Bin size for CMP calculation

20/3D

View (2D/3D)

et bin size

41

Bin size

First distance

Last distance

—X

—

|—3n

| 170

—Y

-

oK

|n

|51.9|515

Cancel

20.00

v

W-E (m)
70.00

120.00




Show geometry

View (2D/3D)

Show SPAC pairs

Show bins

Show CMP pairs in a selected bin

Show number of pairs

View (2D/3D)

Show SPAC pairs
|
Show bins

Show CMP pairs in a selected bin

Show number of pairs

-4.90

5.10

15.10

2510

35.10

W -E (m)
4510

65.10

75.10

85.10

=

T
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5. Calculate CMP-SPACs



Select “2D/3D"”, “CMP SPAC”. Confirm number of CTBS etc.

SPACPIus et
2D/3D | Batch Option Help
i Open sensor (Atom AU} location file !\\ Number of all CTBs = 3
i Set up sensor locations from GPS 4 &% Number of CTBs to be processed = 3

Total number of sensor pairs = 1890
| Show sensor locations

Show geometry

OK
CMP SPAC
% Show coherencies by Pickwin
H ~
Calculation may use 0.5 ~ 3GB of memory.
. . . . ll ’, .
Set (confirm) Bin size and click “OK” to start calculation. {5 Task Manager - o
File Options View
Processes Performance App history Startup Users Details Services
{Bin size for CMP calculation X = 99% 53% 4% 0%
] Name Status CPU Memory Disk Network
OK
Apps (9)
Bin size
G Google Chrome (16) 1.1% 666.6 MB 0 MB/s 0.1 Mbps
sl B Microsoft Edge (18) 0] 0% | 3920MB 0 MB/! 0Mb
. . icroso e X 5 5
First distance 0 N ’ °
@ Microsoft PowerPoint (32 bit) 0% 68.3 MB 0 MB/s 0 Mbps
Last distance a0 45 @ Microsoft Word (32 bit) (2) 0% 62.3 MB 0 MB/s 0 Mbps
o Paint 0% 56.2 MB 0 MB/s 0 Mbps
&¢ Snipping Toal 0.3% 52 MB 0 MBy/s 0 Mbps
m SPACPIus (32 bit) Not responding 29.6% 3523 MB 0 MB/s 0 Mbps
1 Task Manager 0.6% 28.3 MB 0 MB/s 0 Mbps
‘= Windows Explorer (3) 0.8% 164.7 MB 0 MB/s 0 Mbps

==

SP



It will take several to several tens of minutes depending on the amount of data.

After the calculation,
SPAC or coherence files (.coh) and their file list (.xml) is saved.

SPACPIus >

‘ CMP stacking completed. 50 CMP SPAC files were saved.
L

File list was saved in FileList_CMPSPACxm|

oK




6. Show CMP-SPACs by Pickwin



Crick OK to show SPAC by Pickwin.
You can also manually open the file list (FileList. CMPSPAC.xml) by Pickwin.

SPACPIus

'e Do you want to show coherencies by Pickwin 7

Yes Mo |

File list appears and click OK.

File list

Index Edt  ID CMPX (km) CMPY (km) e OK

|o_ r |o— [132 E |0 E | 2018/6129 15:10:20.000 Cancel
IL— r |0— [ 132 |12 [0 E | 2018/6/29 15:1021.000 Next
2 Jo [ 132 |20 C E | 2018/6129 15:10:21.000 Back
|3_ r |0— [ 132 |28 [0 E | 2018/6/29 15:1021.000 .
|4— r |0— |132 |36 |0 |0 |zms.faf29 15:10:21.000
|5_ r |o— [132 [ 44 [0 E | 2018/6129 15:10:21.000
|5— r |1— | 140 [4 [0 E | 2018/6/29 15:1021.000 JEs
|?_ r |1— |140 |12 |0 |0 |2018.faf29 15:10:21.000 Export
Is— r |1— | 140 |20 [0 E | 2018/6/29 15:1021.000 Import
|9_ r |1— | 140 |28 C E | 2018/6129 15:10:21.000

Number of files

[v Apply source coordinates from file header (" Active data 54

up

Set # of aux.

Pl e 1]

i

[v Apply receiver coordinates from file header (® Passive data




SPAC (coherence) appears. Use l‘f‘ buttons to scroll the bins (SPAC files).

Frequency (Hz)
0 2 4 6 8 10 12 14 16 18 20
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I
23 Il
2o - puend Lo
| = - TR ey [ty b ige -1
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Draw

Click Gy

Click W

PW

to show geometry

to show coherency

116

40

126

136

146

W - E (m)

156

166

ing geometry (CMP bins) in Pickwin

176

186

196

206

30

— 20

10




If the number of coherencies have large difference among CMP-SPACs, the coherencies can be
extrapolated to calculate stable and consistent dispersion curves. If you do not need to do the
extrapolation, proceed step 7.



Pickwin x

Select “Group (File list)”, ”Set up geometry. Confirm messages.
- h Mo, of files = 54
FIlELISt_CMPSPACIml - Pickwin ; l% Mo. of receivers = 94

File (F) Edit (E) View (V) Pick first arrivals (P}  Group (File list) (G)

ol K| ME[ME[EE  Make file list | ok

] Make file list(select a folder) | ——
Status : No editi Open file list

Save file list(XML)

CMP X=-45. Save file list(text)
i ] \\ Total number of CMP gather traces = 1382
Save file list(tabular form) j l "\ Range of source/receiver geometry = 0.0 to 844 m

Pickwin

(
Show file list(G) Ctrl+G

Set up geometry oK

. [| Confirm a message.

surface wave analysis >t
6 - Pickwin X

Option >

_ l\‘g\\ Input waveform data 7

OK Cancel

Pickwin x

Crick OK to proceed.

l\i\; 1382 of 1382 CMP gather traces input
)




All coherencies are imported and geometry appears.

84 4

4-0| Spacing (m)
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Group (File list) (G)  Module Downhole seismic analysis (D)  Surface wave analysis (5) Option (O) Help(H

Make file list t|o oo ||| S| === ) |
Make file list(select a folder . . . .
e file | t{ : Set distance from CMP / receiver separation ratio.
pen file lis .
Save file listXML) o a Larger ratio makes more extrapolated traces
Save file list{text) '
. Save file list(tabular form) Input float pe
Show file list(G) Cri+G L o L OK
Set up geometry 1 T OV R Max. ratio to be extrapolated (%) 10
| Set waveform data S . Cancel
surface wave analysis 2 Make CMP CC gather files(2D active data)
Make CMP SPAC gather files(2D passive data)
Phase velocity (2D : automatic)
Spatial autocorrelation (MAM : SPAC)
Block dividing
Open McSEIS-MT{NEC)/Atom files and make file list Pickwin %
Launch MT-nec controller
Open McSEIS-MT files and make file list
Set up MAM geometry from GPS (for group) ! 3694 traces were extrapolated

Extrapolation for CMPSPAC

OK




Extrapolation for CMP-SPAC (optional
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Blue color indicates extrapolated traces (SPACs).

PW

Distance (m)

14
19
24
29
34
39
44
49
54
59
64
69
74
79

Frequency (Hz)
8 10 12

14

16 18

a??

et TN ) AT Ry
¥

Lol
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/. Calculate dispersion curves



n u

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

You can apply filer by “Option”, “Frequency domain”,
“Parzen window” if you need.

(File list) (G) Module Downhole seismic analysis (D) = Surface wave analysis (S)
Phase velocity-frequency transformation{D) Ctrl+D
Pick phase velocity(1D)
Show phase velocity curve(1D)
Calculate Shot Cross-Correlation (SCC) gathers >
Spatial autocorrelation (MAM : SPAC)

Make CMP CC gather files(2D)
Phase velocity-frequency transformation and picking (20/30)
Show phase velocity curves (20D/30)

Calculate Fourier spectrum
Show H/V spectrum <launches Wavekq:

Advanced options b

Y

Set phase velocity and frequency.

Phase velocity-frequency transformation X
Phase velocity 0K
Start 0 m's c d
daflc
Up
(@ FEnd -
o @ s ST Advanced menu
Frequency
0
Start Hz
_Ur |
* End Hz Down

Set minimum frequency.

Min. and Max. frequency X

OK

Minitmum Frequency Hz

Cancel

Maximum Frequency |20 Hz

Advanced menu

38



It will take a while.
Select “Surface wave analysis”, “Show Phase velocity curves (2D/3D)”.

(File list) (G) Module Downhole seismic analysis (D) = Surface wave analysis (S)
Phase velocity-frequency transformation(D) Ctrl+D
Pick phase velocity(1D)
Show phase velocity curve(1D)
Calculate Shot Cross-Correlation (SCC) gathers >
Spatial autocorrelation (MAM : SPAC)
Make CMP CC gather files(2D)
Phase velocity-frequency transformation and picking (20/30)
Show phase velocity curves (20D/30)

Calculate Fourier spectrum
Show H/V spectrum <launches Wavekq:

Advanced options b

v, =V



8. Show and edit dispersion curves by WaveEqg



WaveEq is automatically launched and phase velocity curves appears.

Frequency (Hz)

0 2 4 ] 8 10 12 14 16 18 20
600

I 1000m0Om 100m 50m

550

|
ol
ol
0 H : '.
-

200

20m

Fhase velocity (m/s)

10m

e | N S At
3 i o : ) I }' SR '3-&-}
] | kG ! NI
|I -’ e '-:".f’::." Lo

150

; i £ -)ﬂ[:}‘ i3 \u) LA e e R L
L ' [NIL]L | -:— ﬂ___} i ..;: 1] _i-..:- ) ,""g it reTar G LA S i
100 l‘v.l T - TN [ L (LN T (1 ‘_ AL T

i w

50




Drawing geometry (CMP bins) in WaveEq
Click Gyl toO show geometry

a2




Drawing phase velocity on CMP bins in WaveEq

Select “View”, “3D Grid”, “Grid with phase velocity”.

View () H/V curves (H) Dispersion curves (D) Velocity madel (M) MASW (1D) (I} MASW

Auds configuration Cul+A  BSVEINEIYC (eSO PR
Dispersion curves W-E (m)
Frequency / Period 0 50 100 150 200 250 350
Show one dispersion curve | | | |
Show three dispersion curves 100 21 | ..... _____ J. ____________ J___
Show all dispersion curves ........... | | 665 56
Show dispersion curves (option) | .============ I I 2;?:2;
Show amplification z Pl
P I I 1 N A N ENEEEEEEEEEN I I 5083
Show P-wave velocity | » :l ........... | | 5?233
Show converted N-value a2 | | | | 150,00
Open N-value file |
Show N-value |
Open PS result file | l
Show pS reul | Use ¥ | toscroll a frequency to be shown.
" Show AVS for IBC e
+~"  Show water table depth | Frequency index = 7 Frequency = 3.69 Hz
Show layer boundary W-E (m)
Show apparent velocity model (VR) 150 200 250 300 150
v Show effective depth (VR min.) | | | | |
| =o' efiective depth (it maid) ol TPt [ (] ] Pl B | | [ [ [ 1 [0 ] 1 [
Bl ShowVsand depth _ o [ [ TR [ ] B | | [ [ 11 [ ] | (S 68556
Setup constant wavelength lines .. .............. 2;?2;
30 Grid 0 Gid ) SErEEEEEEE o EEN o
. . . £ .
Advanced options 2 ELHCLL 2 ST E . .. . ... . ===== ggggg
Almighty 5 Grid with 5-wave velocity o | | | 216.94
150.00

S

"WE 43



Edit dispersion curves as 2D data.

WE

Frequency (Hz)

{/ /D ete
|/
iy -

20m
Frequency (Hz)
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Dispersion curves in X or Y direction

Use Dif|D%% 16 show dispersion curves in X or Y direction.

X direction (vertical direction) Y direction (horizontal direction)

X=36.0m

750
700
650
600
550
500
450
400
350

300

Phase velocity (m/s)

250
200
150
100

50

y Use
WE

Y=36.0m

Frequency (Hz) Frequency (Hz)

01 2 3 4 56 7 8 9 1011 12 13 14 15 16 17 18 19 20 750012 34 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20

E;Eb[)m' 200m 100m 50m

iy
650 %96 )
i 600 §

550 =B

%lﬁ\l\ 500 3
4

500m | 200m 100m 50m

700

SR e )

450

400

P

20m

%\@Q 20m

350

300 b

Fhase velocity (m/s)

o
g
)

L
250 & o
s S & 200 o 3 ;
g 10m REE =g - 10m

ot

s
o)
&5
pis

#

100

50

Dispersion curves : D All (ext 30%) inverted_result LSM HM-8.pvs Dispersion curves : D All (ext 30%) inverted_result LSM HM-8.pvs

4 || to scroll dispersion curves to be shown. Use & |¥| to scroll dispersion curves to be shown.
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Edited dispersion curves

Frequency (Hz)

0 2 4 3] 8 10 12 14 16 18 20
600

{ 1000mDOm 100m 50m

550

o]
i
ol

[ / 20m
— 350
w
= :
= 300 TR S e
(] i ¥
= PR ;
o 250 R
@ :
-
200 : :
H / 10m
. : é O s oo

o/
|

50

—

Dispersion curves : Model E-1.pvs 46




9. Create initial velocity model



Initial velocity model

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

(D)

Y|

Velocity model (M)  MASW (10) (I} = MASW (2D/3D) (T)

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

Initial model
Inversion (2D:All data)
Inversion (with N)

Advanced inversion >
Calculate RMS for all data
Advanced options >

Almighty >

Set depth of model.

Initial model for inversion

# of layer = 3

Note that horizontal regularization is just 2D.

3D has not completed yet.

OK

Cancel

Advanced menu
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Initial velocity model appears. You can apply inversion if you like.
Note that horizontal regularization is just 2D. 3D has not completed yet.

Depth (m)

10

15

20

25

30

35

40

45

50

85

60

S-wave velocity (m/s)

50 100 150 200 250 300 350

400

450

500 550

600

---------------------------------------------------------------------

___________________________________________________________________________________________

____________________________________________________________________________________________

____________________________________________________________________________________________

i

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

________

_________________________

S-wave velocity models (initial) : Model E-1.pvs
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Drawing S-wave velocity on CMP bins in WaveEqg

Select “View”, “3D Grid”, “Grid with S-wave velocity”.

View () H/V curves (H) Dispersion curves (D) Velocity madel (M) MASW (1D) (I} MASW

Axis configuration Crl+A  {8|¥S Xﬁ| |I’TP |VR |_ ”i*|"i’f|v'§|”§|
Dispersion curves Layer index = 0 Depth = 0.0to 1.8 m
Frequency / Period
Show ane dispersion curve
Show three dispersion curves 100
Show all dispersion curves
Show dispersion curves (option) | 2??;;
548.16
Show amplification | 478 65
i— — — — — — E 409.15
Show P-wave velocity | z 2?3 ?i
Show converted N-value ? 20064
131.13
Open N-value file |
Show N-value |
Open PS result file | | | d h b h
Show PS resul Use & % | toscroll adepth to be shown.
" Show AVS for IBC |
Show water table depth | )
Layer index = 9 Depth = 23910 276 m
Show layer boundary
Show apparent velocity model (VR) 0 0 100 200 150
Show effective depth (VR min.) |
Show effective depth (VR max.) »
Show Vs and depth B ca7 17
Setup constant wavelength lines 617.66
548.16
3D Grid > Grid ~ o
E
Advanced options 5 Grid with phase velocity z g;g ?i
: Grid with S-wave velocity @ 200 64
Almigh >
mighty s | | | 13113

Y
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Velocity depth profiles in X or Y direction

Use V&I¥§| to show velocity depth profiles in X or Y direction.

X direction (vertical direction) Y direction (horizontal direction)
X=36.0m Y=280m
S-wave velocity (m/s) S-wave velocity (m/s)
. 0 v50 100 150 200 250 300 350 400 450 500 550 600 €650 700 750 . 0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750
— — I

5 H H H H H H H H H H H H H H 5 - H .’
10 10
15 15
20 20
25 25
30 30
35 35
40 40

£ 45 c 45

= 50 % 20

8 55 8 55
60 60
65 65
70 70
75 75
g0 L L 1 [ L I | go L ooiovooi i L [

P— S-wave velocity model - D All (ext 30%) inverted_resuit LSM HM-8.pvs S-wave velocity model - D All (ext 30%) inverted_result LSM HM-8_pvs
% Use < |¥| to scroll dispersion curves to be shown. Use & |¥| to scroll dispersion curves to be shown.

WE



10. Show 3D velocity model by GeoPlot3D



Select “MASW (2D/3D)”, “Show 3D velocity model <launches GeoPlot3D>".

D} Velocity model (M) MASW (1D) (I}  MASW (2D/3D) (T)

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

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

Advanced inversion »
Calculate RMS for all data
Advanced options >

Almighty >

oo

Confirm messages and click OK.

GeoPlot3d >
!HL':;.‘i # of models = 100 # of layers = 15
Ok
GeoPlot3d

r; Number of grids : X = 10 Y = 10

)

Confirm messages and click OK.

>

Click OK.

GeoPlot3d

OK

I Angle=0000000

o == -]

OK
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Click OK.

Min. and max. area

X= =50
Y= =30
Max. elev= 0

50

OK

30

Cancel

=

Change cell size if you need. Click OK.

Model size
Nx= (40
NY= 24
NZ= 0

DY=

DZ=

25

25

OK

Cancel

Eeflesh
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Surface topography

If surface topography is not flat,
see page 31 to include surface topography.

Topography
Xcels =40Y cells = 40 # of planes = 0
NX=40NY =40NZ=10

Min. = 0.000000 Max. = 0.000000 n = 36 (0)

Y (m)

a0

40

30

20

10

0

-10

-20

-30

-40

-20

-20

Number of section = 1

-40

-30

-20

-10 0

X (m)

10

20 30 40 50

Scale=1/1353 VIH=1.0

Elevation

8.89
7.78
6.67
2.06
4.44
3.33
2.22
1.1
-0.00
-1.11
-2.22
-3.33
-4.44
-0.96
-6.67
-7.78
-8.89
-10.0

3



10.1 Create 3D velocity model by GeoPlot3D



Select “Model”, “Create model”.

File View Model Edit Seismi

®R Untitled - GeoPlot3d

Open model
Save model

Show XY origin
Create model

Increasing with depth

)

oo

Confirm messages and click OK.

GeoPlot3d

W
3

)
\'.

N

Mumbe of data = 100

X

0] 4

Set number and size of cells.

Model size

NX=

NY=

NZ=

40

24

25

25

OK

Cancel

Reflesh

57



Use | Z ¥ IT buttons to change slice direction and < &

Zplane :N=0(00to 2.0 m) Mumber of section = 1

X cells =40 Y cells = 40 # of planes = 25
NX =40 NY = 40 NZ = 25
Min. = 0.000000 Max. = 0.000000 n = 26 (1)

Y (m)
50

40

30

20

10

0

e T T

e ———
=
o -,

Fme T
L

|~

-50 -40 -30 -20 -10 O 10 20 30 40 50

y X (m)
G
3

S-wave velocity

200.00
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)

Zplane : N=15(30.0t0 32.0 m)

Xcels =40 cells = 40 # of planes = 25
NX =40 NY = 40 NZ = 25

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

Y (m)
20

40
30
20
10

0

-50 -40 -30 -20 -10 O 10 20

X (m)

« W buttons to scroll the position of slice.

Number of section = 1

30 40

50

S-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)

58



Use | Z ¥ X buttons to change slice direction and < & « W buttons to scroll the position of slice.

%

oo

Y plane : N =10 (-25.01t0 -22.5 m) Number of section = 1
X cells = 40 Y cells = 25 # of planes = 40

NX =40 NY = 40 NZ = 25

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

Depth (m) S-wave velocity
O L L L L L M
5 500.00
10 330.00
15
20 240.00
25 160.00
30
35 120.00
40 80.00
45
50 40.00
50 40 30 20 10 0 10 20 30 40 50 (m/sec)
X (m)
Y plane : N =30 (25.0to 27.5 m) Number of section = 1
Xcells =40 cells = 25 # of planes = 40
NX = 40 NY = 40 NZ = 25
Min. = 0.000000 Max. = 0.000000 n = 26 (1)
Depth (m) S-wave velocity
0
5 500.00
10 330.00
15
20 240.00
25 160.00
30
35 120.00
40 80.00
45
50 40.00
(m/sec)

-50 40 -30 -20 10 O 10 20 30 40 50

X (m)

X plane : N =10 (-25.01t0 -22 5 m) Number of section = 1
Xcells =40 cells = 25 # of planes = 40

NX =40 NY = 40 NZ = 25

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

Depth (m) S-wave velocity
0 M 2 2 2 2 2 2 2 2
5 500.00
10 330.00
15
20 240.00
25 160.00
30
35 120.00
40 80.00
45
50 40.00
50 40 30 20 10 0 10 20 30 40 50 (m/sec)
Y (m)
X plane - N =30 (25.0to 27.5 m) Number of section = 1
Xcels =40 cells = 25 # of planes = 40
NX =40 NY =40 NZ = 25
Min. = 0.000000 Max. = 0.000000 n =26 (1)
Depth (m) S-wave velocity
g A A M M A A A M A 2 50000
10 330.00
15
20 240.00
25 160.00
30
35 120.00
40 80.00
45
50 40.00
(m/sec)

-50 40 -30 -20 10 O 10 20 30 40 50

Y (m)
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Click 3D | to draw 3D images.

Use P W & = B B to rotate a model.
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Select “View”, “3D”, “Cross sections” to show cross sections.

B Untitled - GeoPlot3d

Use A BdW» and Z Y to change
positions of cross sections.

File View Model Edit Seismicinterpretation Option Help

O i Toolbar i Y XE=

5o, gl Status Bar Number of section

300 Axis configuration... Ctrl+A

217 Velocity model / E ]
Topography E

Equi-depth map =

I\

Bedrock depth

AVS

i
N
IIIJ'J';I

AT

B
B

I

~  Show source and receiver

i
i
T

I

Show geometry

B T L T

Show position

AT
TR

O O L T WL

Show grid line
~  Show text
Show line

<

~  Show scale

Setup maximum distance

Pyl

Contour >

Scale

3D > v 3D o B i
Cube EEZ:“ E
Cross sections LT ]

2D cross sections (raw data)

R RNEE

-

[

=



Prepare ASCII file of surface topography. X and Y can be random.

oleolelelelololohoholchohehoheho =l o NI

-10
-10

OO OO0 O0O0O0O0O0O0OO0oOO0o o
[
o

P PR R R R R
OO OO0 O0OOoOOo

40
40
40
40
40
40
40
40
40
50
50
50
50
50
50
50
50
50
50
50

-20
-10

10
20
30
40
50
-50

-30
-20
-10

10
20
30
40
50

20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20



Select “File”, “Open random topography data”.

£

File

v

Untitled - GeoPlot3D

View Model Edit Seismic interpretation Option Help

Open GeoPlot file (geo)...

Open 3D grid model (md3)
Save 3D grid model (md3)

Open Plotrefa file (3D data from WaveEq)
Open 2D text data

Save no header file

Save text format file

Save current slice as text (for surfer) format
Save current slice as snapshot (fd2dwin) format

Open gridded topography data
Open random topography data
Create topography or 2D data

3D

Ctrl+0O

Click “Yes”.

GeoPlot3D

2]

Do you want to clear current topography data ?

Yes Mo

Open an ASCII topography file and confirm a number of data.

GeoPlot3D

!-"':;:. Number of data=121
N

—

et

OK
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Select “File”, “Create topography or 2D data”.
2 Untitled - GeoPlot3D

File View Model Edit Seismicinterpretation Option Help Cl k OK
Open GeoPlot file (.geo).. Ctrl+0O IC *

Open 3D grid model (md3)

Save 3D grid model {(md3) GeoPlot3D hd

Open Plotrefa file (3D data from WaveEqg)
Open 2D text data .

Save no header file ! o Angle=0.000000
Save text format file — )

Save current slice as text (for surfer) format
Save current slice as snapshot (fd2dwin) format

Open gridded topography data
Open random topography data OK
Create topography or 2D data
Confirm messages and click OK. Confirm messages and click OK.
Min. and max. area XK Model size
X= |-50 m |50 m OK Nx= |40 Dx= |23 OK
I Cancel
Y= |-30 — 30 — Cancel Ny= |24 DY= |25 -
Max. elev.= I 0 o NZ= |0 DZ= |2
Reflesh
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Surface topography appears.

I))

tO Create 3 D VeIOCity Topography Number of section = 1
X cells =40 Y cells = 40 # of planes = 0

NX=40NY =40NZ=0

Min. = -0.550806 Max. = 20.550770 n = 36 (0)

Select “Model”, “Create mode
model taking into account the surface topography.

Y (m) Elevation
” 19.38
40 18.21
17.03
30 15.86
14.69
20 13.52
— 12.34
10 1117
. E 10.00
— 8.83
10 766
648
20 531
4.14
-30 2.97
1.79
40 0.62
0 055
(m)

Vg

3D
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Zplane : N =0(0.0t0 2.0 m) Number of section = 1 Zplane : N = 15 (30.0 to 32.0 m) Number of section = 1
X cells = 40 Y cells = 40 # of planes = 25 X cells =40 cells = 40 # of planes = 25

NX =40 NY = 40 NZ = 25 NX=40NY =40 NZ =25

Min. = -0.550806 Max. = 20.550770 n = 26 (1) Min. = -0.550806 Max. = 20.550770 n = 26 (1)

Y (m) S-wave velocity Y (m) S-wave velocity

500.00

40 450.00 40
400.00
360.00

30 330.00 30
300.00
280.00

20 260,00 20
24000

10 220.00 10
200.00
180.00

0 : 160.00 0
150.00

10 140.00 10
130.00
120.00

-20 110.00 -20
100.00
90.00

30 80.00 -30
70.00

-40 60.00 -40
50.00
40.00

-50 . . . v v 50

0o 0 10 20 30 40 50 50 40 30 20 10 0 10 20 30 40 50

500.00
450.00
400.00
360.00
330.00
300.00
280.00
260.00
240.00
220.00
200.00
180.00
160.00
150.00
140.00
130.00
120.00
110.00
100.00
90.00

80.00

70.00

60.00

50.00

40.00

50 -40 30 20 -1 (m/sec) (m/sec)

X (m) X (m)




X plane : N =10 (-25.0 to -22.5 m) Number of section = 1
X cells =40 cells = 25 # of planes = 40
NX =40 NY = 40 NZ = 25

Min. = -0.550806 Max. = 20.550770 n = 26 (1)

Y plane : N =10 (-25.0to -22.5 m) Number of section = 1
Xcells =40 cells = 25 # of planes = 40
NX =40 NY = 40 NZ = 25

Min. = -0.550806 Max. = 20.550770 n = 26 (1)

Depth (m) S-wave velocity
Depth (m) S-wave velocity 0 500.00
0 i A i i A L i i L 50000 5 40000
5 400.00 10 330.00
10 330.00 15 280.00
15 280.00 240.00
20
240.00 200.00
20 200.00 25 160.00
25 160.00 140.00
30
10 140.00 25 120.00
120.00
35 100.00
100.00 40 80.00
40 gggg 45 60.00
45 : 40.00
40.00 50
N (misec) 50 40 30 20 -0 0 10 20 30 40 50 (m/sec)
50 40 30 -20 -10 O 10 20 30 40 50 A ) - -
X (m) Y (m)

X plane : N =30 (25.0to 27.5 m) Number of section = 1
X cells =40 Y cells = 25 # of planes = 40
NX =40 NY = 40 NZ = 25

Min_ = -0.550806 Max. = 20.550770 n = 26 (1)

Y plane - N = 30 (25010 27.5m) Mumber of section = 1
KX cells =40 Y cells = 25 # of planes = 40
NX =40 NY = 40 NZ = 25

Min. = -0.550806 Max. = 20.550770 n = 26 (1)

Depth (m) S-wave velocity Depth (m) S-wave velocity
0 500.00 0 500.00
5 400.00 5 400.00
10 330.00 10 330.00
15 280.00 15 280.00
240.00 240.00
20 200.00 20 200.00
25 160.00 25 160.00
20 140.00 30 140.00
u 120.00 120.00
100.00 33 100.00
40 80.00 40 80.00
45 jg'gg 45 60.00
50 : 40.00
50 40 30 20  -10 10 20 30 40 50 (m/sec) °0 (m/sec)
50 40 -30 -20 -10 10 20 30 40
X
(m) Y (m)
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