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Outline

* This manual summarizes data acquisition and processing flow for
average S-wave velocity to a depth of 30 m (AVS30) by active and
passive surface wave method using 10 Atom AUs.

* See “Passive Surface Wave Survey using Atom and Seislmager, Quick
Start” for the details of Atom operation.

 See “Seislmager/SWTM Manual”, “Seisimager/SWTM Manual
Addendum (H/V)” and “Seisimager/SW-ProTM Manual” for the
detailed analysis of dispersion curves and/or H/V curves.

e Data example used in the manual can be downloaded from
“https://seisimager.com/GeophysicalDatabase/t10 50m.zip “.



Data acquisition using 10 Atom AUs

1. Nested triangles (L, T or crossing etc.) of 10 (7 to 20) receivers
recording ambient noise (Passive). Size of array ranges 30 ~ 100 m

depending on site conditions.

2. Linear array of 10 receivers with 2 m (1 ~ 5 m depending on site
conditions) spacings recording active sledge hammer data (MASW).

3. Linear array of 10 receivers with 2 m (1 ~ 5 m depending on site
conditions) spacings recording ambient noise (Passive). This
measurement is not necessary.



Nested triangles of 10 receivers

f‘ Deploy receivers from small to large in Atom’s ID order
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Linear array of 10 receivers with 2 m spacings

Deploy receivers from small to large in Atom’s ID order.
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For active method (MASW), swing a sledge hammer several times at both ends.
For passive method (linear array), record ambient noise 10 ~ 20 minutes.



Data acquisition

To distinguish measurements, turn off and on one box at the beginning or ending of the measurements.

1t measurement 2nd measurement 31 measurement

100003 100007 100003 100007 100003 100007

rr << 5 A

v y 100068 v vy 100068

\ vy 100068
100008, 15043 r 100008, 30043 P 100008, 304 »
f' f, v fl /‘ v f& f‘ y
100044 100045 o 10004Z 100045 e ! \ 100062
7 /7 100044 100045 p

{ {
f f v fl f{ v N)OSZ]. f; /, v
! Turn off
100062 100061 100061 V100061 "100062 U"° v V100062

3y

A U e 5O PN A

v \ Turn off Vv Turn on Vv ' Vv



SP+

Processing flow
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Raw data

In SPACPlus, waveform traces appear in order from lower to higher Atom ID numbers. An area surrounded by a red rectangle is
a “Common Time Block (CTB)” during which all Atom units were recording data.
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Processing ambient noisedata 1

Click 8 or select [Window]>>[Processing window] and the selected [ 1St (TBW“‘\ A‘V'ff P R

15t CTB data (in a red rectangle) will appear in another window. STy ’ T
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Set up geometry

Click &% or select [Analysis]>>[SPAC analysis] to process passive surface wave data in terms of Spatial Auto Correlation

(SPAC). A dialog appears for setting the shape and size of the array. Select “Triangle 10” and put “50” for “Array size”. Click
“OK” to proceed.
If your geometry is not listed in default arrays, click “Advanced

2D SPAC X |
Geometry = menu” and “Open array file” and select array file. The array file is a
x|
O _==_|| simple ASCII file that mentions X and Y coordinate of geophones.
((: ;':ﬁ' ! Advanced menu 2D SPAC X
“.‘i Triangle 10 CeomEny o
- 2D array Cancel
lems Triangle
L3 Angle= (@ Triangle 4
: 2 gl 90 degrees € Triangle 7 Advanced menu
L7 ("~ Triangle 10
L1l L shape Save array file
L3 Angle= | g degrees
LS ’
" Single circle 9
i~ Double circle 37 L

Array size = ’50— m .

Example of array file. | ©:0000000.000000
Lnear arry 25.000000 0.000000
" unear array 50.000000 0.000000
37.500000 21.650635

Recelver spacng = 2 m 25.000000 43.301270
Number of receivers = [10 12.500000 21.650635
18.750000 10.825317

S 31.250000 10.825317

25.000000 21.650635
25.000000 14.433757
SP+




Coherency

Spatial autocorrelations by frequencies

Spatial auto correlations appear. When number of receiver separation is more than three, use 4 B buttons to scroll
receiver separations to be shown. Click £ or select [Phase velocity analysis]>>[Phase velocity window] and all spatial
auto-correlations and a frequency domain phase velocity image appear in another window.
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All spatial autocorrelations
and phase velocity image in frequency domain

To set the minimum phase velocity to be picked, adjust a red horizontal line in a phase velocity image in frequency domain
by a mouse. Click E or select [Surface wave analysis]>>[Show phase velocity curve(s)] >>[Launch WaveEq].
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Phase velocity (m/s)

Delete noises or unnecessary frequency range.
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Editing a dispersion curve in WaveEag

Use | [;| or to select phase velocities.
Hit delete key to delete the selected phase velocities.
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Select [File]>>[Save 1D phase velocity curve or H/V curve (.rst)] to save a dispersion curve to data file.



Processing active data (MASW) [

Click E or select [Window]>>[Processing window] and the selected T
24 CTB data (in a red rectangle) will appear in another window. ' i

CTB Index = 1 . .
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Detect shots by event detection

Select [Edit]>>[Event (shot) detection]>>[Detect events] and set event detection parameters.

s Event detection parameters
et SPACPIus - [SPACPIus1:2]

X
(W7 File | Edit | View Analysis 2D/3D Option Help Number of traces = i
= Qﬂ . Exit current editing mode 23 | i§ == . . 4 b U WE= n - [-.5 . Monitorin channels option Cancel

[.; Select (" OR Channel number(s) -9 (Either of these channels will detect)

CTB Ind

Set gate (& AND Channel number(s) 0-9 (All channels required for detection)

Delete waveform data outside of gate

Minimum number of channels 5
. Set a shot mark (event)

For example: "0-9, 15, 20" means channel 0 through 9, channel 15 and 20

Cut out a SEG2 file at a shot mark (event)

Event (shot) detection b Detect events Time window 1 (W1:default=1000msec) 100 EET
Om Bl Copy to neport Show detected events
B Py P ) Time window 2 (W2:default=1000msec) 500 e
Cut out shot record as SEGZ files based on detected events

Selected sensor »
. Set new event by mouse Ratio (W2/W1:default=3)
dil |

Processing
[ Detect end of even
e t Smaller value detects more events

Click “OK” to detect events (shots).

SP+
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Detect shots by event detection

Number of detected events appears. SPACPLLS X

!\\ 6 events are detected

¥ 3
=T

(0] 4

Detected events (shots) are shown . Adjust the settings and repeat the detection until appropriate detections were obtained.
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Edit detected shots

. . L: Select a detected event. Selected event is shown as a red bold line.
€ => Change horizontal (time) scale. = "
— Hit delete key to delete the detected event.
Use a mouse to move the event (left button down).

& Change amplitude.

T
E* Add new event by clicking a left button of a mouse. Selected event
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Show detected shots by Pickwin

Select [Edit]>>[Event (shot) detection]>>[Cut out shot record as SEG2 files based on detect events].

Edit | View Analysis 2D/3D Option Help

. Exit current editing mode

. [-\q Select

Set gate

Delete waveform data outside of gate

]. Set a shot mark (event)

Cut out a SEG2 file at a shot mark (event)
Event (shot) detection
=3 Copy to report

Selected sensor

Enter data length.

_.:;_:

mBBadb W ESEHE X

60 70 80

Detect events
Show detected events
Cut out shot record as SEGZ files based on detected events

Set new event by mouse N

Float data

Data length to be saved

2.048

Sec

oK

Cancel

SP+
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Shot records are saved as SEG2 files

Number of saved files appears.

Click “Yes” to continue the processing.

SPACPIus

SPACPIus

—

& files were saved.

OK

Yes

'Q Do you want to show shot records by Pickwin ?

Mo

Shot records were saved as SEG2 files (.sg2) in a folder being selected.

event_0000.sg2
event_0001.sg2
event_0002.sg2
event_0003.sg2
event_0004.sg2
event_0005.sg2

5/28/2018 5:30 PM  5G2 File
5/28/2018 530 PM - 5G2 File
5/28/2018 5:30 PM  5G2 File
5/28/2018 5:30 PM  5G2 File
5/28/2018 5:30 PM - 5G2 File
5/28/2018 5:30 PM  5G2 File

A shot and file list was saved in an XML file.

| | EventListxml

5/28/2018 5:30 PM XML Document

<?xml version="1.0" encoding="SHIFT_JIS"?>

- <line>

<line_name>line_name</line_name>
<line_id>0</line_id>
<sxw_menu>0</sxw_menu>
<geometry_information>4</geometry_information>
<data_information>0</data_information>
<file_type>0</file type>
<apply_source position>0</apply_source position>
<apply_receiver_position>0</apply_receiver_position>
- <file_list>
- <file>
<file_name>event_0000.sg2</file_name>
<id>0</id>
<file_type>0</file type>
<shot_distance>>0.000000</shot_distance>
<first_receiver>0.000000</first_receiver>
<receiver_interval>1.000000</receiver_interval>
<number_of_auxiliary>0</number_of_auxiliary>
<i_source_component>2</i_source_component>
<start_date time>2018/5/25 19:40:26.035</start_date time>
< ffile>
+ <file>
+ <file>
+ <file>
+ <file>
+ <file>
< /file_list>
</line>

30 KB
30 KB
30 KB
30 KB
30 KB
30 KB
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Set up geometry

A list of shot records appear in a dialog box. Set up source location, receiver interval etc.

100003 100007

3 Shots

[ Apply source coordinates from file header

[ Apply receiver coordinates from file header

100008 100043

o

v v

@ Active data

(" Passive data

100044

Vd

\

File list

Index Edt  ID Source (m) 1st receiver (m) Receiver int. (m) # of aux.

0 o -2 0 2 o [ 2018/5/25 19:40:26.035
| 1 |— | 1 2 | 0 2 | 0 |201s.-5.-25 19:40:32.268
| 2 |— | 2 -2 |0 2 |0 | 2018/5/25 19:40:41.967
3 |3 |20 |0 |2 |0 | 2018/5/25 19:41:12.968
|4 r |4 |20 | 0 2 | 0 |2[}18.-'5.-'25 19:41:20.195
| 5 B | 5 |20 | 0 2 | q |201s.-5.-25 19:41:28.236

100045 100054 100061

Vd

\

Vd

\

Vd

v

OK

Cancel

Back

Setup

Set # of aux.

Pl e et

Delete

Export

Import

Number of files

e

100062 100068

—

’

\

2

v

3 Shots
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PW

Individual shot record shown by Pickwin

-

=>» Change horizontal (time) scale. B[ change distance scale.
4 Change amplitude. |"l' & | Scroll shot records.
Shot time=2018/5/25 19:40:26.035 Time (ms)
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Transform to
phase velocity image in frequency domain

Select [Surface wave analysis]>>[Phase velocity frequency transformation] or
press “Ctrl+D” to transform data to a phase velocity image in frequency domain.

Set up max. phase velocity and max. frequency. A phase velocity image in frequency domain appears.
Shot time=2018/5/25 19:40:26.035 i
Phase velocity-frequency transformation X sme Phase velocity (m/s)
0 100 200 300 400 500

— Phase velocity 0K .
Start |0 m's

Cancel 5

® End 500 m's il 10

Dmml Advanced me:m.{

15

20

—Frequency N »

Start 1] = 30

Hz o
I a%'.] 35
" End 60 Hz . 40

45
50
55

8 .

Pw ) 23




: i Picked phase velocities appear on a phase velocity image
Pick phase velocities e oo
Click left mouse button to move one pick or drag to
move a range of picks.

Click left mouse button to move one pick or drag to move a range of picks.

Select [Surface wave analysis]>>[Pick phase velocity (1D)]
and set up parameters.

Click “Advanced menu” to set up detailed parameters. Shot time=2018/5/25 19:40:26.035 Phase velocity (m/s)
. 0 100 200 300 400 500
Min. and Max. frequency X
OK 0
Minirmum Frequency |5 Hz
Cancel >

Maximum Frequency Iﬁ{} Hz —_— 10
Advanced

[v Use median filter M 15

# of sample for median filter =| 20

- Check off if you want to pick all frequency range 25

W velength fimitation

axitmum wavelength I 2 titnes:

30

35

Freguency (Hz)

Minimum wavelength I2 times 40
— Setup min. and max. phase velggs 45
Minirmum phase velocity = m's 50
Maxi h elocity = _ . 55
imum phase velociy % | Change minimum phase velocity
~Setup area for phase-velocity picking—|  t0 be picked depending on data %
[7 Use current phase-velocity as minimuffl Velociy Tor pickmg
" Phase-velocity area [ 100 m's Select [Surface wave analysis]>>[Show phase velocity

curve (1D) <Launch WaveEg>].




Phase velocity (m/s)

Editing a dispersion curve in Wavekq

Use |3 or to select phase velocities.

Delete noises or unnecessary frequency range. . .
yireq y rang Hit delete key to delete the selected phase velocities.

Frequency (Hz) Frequency (Hz)

1 10 100

1 10 100 500

500
200m 100m 50m 20m 10m 5m 200m 100m 50m 20m 10m 5m

450

450

400 A 400
350 / _\ 350

300 300

250 250

200 200

Phase velocity (m/s)

150 150
! : |
100 100
50 50
0 0

Select [File]>>[Save 1D phase velocity curve or H/V curve (.rst)] to save a dispersion curve to data file.

WE



Select [File]>>[Open 1D phase velocity curve or H/V curve (.rst)].
Select a passive data file (.rst) and choose “Append to present data”.

Data will be automatically averaged if “Yes” is chosen.
Choose “No” if you want do not want to average automatically.

Y
WE

Combine active and passive dispersion curves

Append data

(" New data

(@ Append to present data

>

OK

Cancel

Wavekqg

—y

Yes

'9_ Awverage same frequency?

Mo

Phase velocity (m/s)

Active and passive phase velocities are shown together.
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50

Frequency (Hz)

10

100
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50m

20m

10m

Dispersion curve : T10 50m.rst

5m
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Editing active and passive dispersion curves
In Wavekq

Delete noises or unnecessary frequency range. Crick V_R[ to evaluate approximate depth of penetration.

Green circles indicates 1/3 wave length.

S-wave velocity (m/s)

Frequency (Hz)
] 10 100 0 50 100 150 200 250 300 350 400 450 500
500 0 Vi
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150 a 70 | e o e i e e e e e e i e i e
w0 Maximurn 1/3 wavelength (70 m in thIS example)
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50 :
90 | AU U U S U S S A A—

= 0
% Dispersion curve : T10 50m.rst 100



Initial model

Select [Surface wave analysis]>>[MASW (1D)]>>[Initial model] to built an initial model.
Set “Depth” based on a penetration depth implied by 1/3 wave length for example.

S-wave velocity (m/s)
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Initial model for inversion x 0 z
ox TR B .
Cance » e .
Advanced menu 30 [ ----- :
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Refer “Seisimager/SW™ Manual” and “Seisimager/SW-Pro™ Manual L
for the detaile of inversion of dispersion curves from this point. 0 e AR CTrTT
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Inversion

Select [Surface wave analysis]>>[MASW (1D)]>>[Inversion (LSM)] to apply inversion.

Set number of iteration and click OK.
S-wave velocity (m/s)
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Least Square Method X 0

Tteration = | 2 OK 20

Inverted result appears.
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Inversion

Click |*| to show a theoretical dispersion curve.

Observed —@—

Theoretical

RMSE = 9.471599 m/sec
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