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Investigation Depth Vs. Price/Sensor

Price/Sensor (USS)
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0.1 1 Atom’s penetration capability an

price level is outstanding compared
with competitors !

Engineering Smart Solo

Future interest A NG

10K Academic/Science

etrics

etrics
band)
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in shallower. ATOM’s capability and price level allow Geometrics to catch the market !
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Atom fits everything |

Fast sampling rate
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Application examples

* Active fault investigation at Beijing, China (3D)

* Bedrock investigation at the granite hills (3D)

* Major fault investigation (2D)

* Levee safety evaluation (2D)

* Local site amplification with basin edge effect (1D)
* Large scale seismic refraction (2D)

* Ocean bottom passive surface wave method (1D)
* Tele-seismic event recorded by 3C Atom

* Web-based database



Active fault investigation at Beijing, China

Atom and Seislmager
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Coherencies and phase velocity images in frequency domain
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Phase velocity (m/s)

Dispersion curves and S-wave velocity models
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Active fault investigation at Beijing , China
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Depth to bedrock

Depth to bedrock
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Application examples

 Active fault investigation at Beijing, China (3D)

e Bedrock investigation at the granite hills (3D)

* Major fault investigation (2D)

* Levee safety evaluation (2D)

* Local site amplification with basin edge effect (1D)
* Large scale seismic refraction (2D)

* Ocean bottom passive surface wave method (1D)
* Tele-seismic event recorded by 3C Atom

* Web-based database



Bedrock investigation at the granite hills

* In order to delineate depth to a bedrock

(Gll), ambient noise tomography (passive |

surface wave method) was carried out.

* Investigation areais 700 X430 m.

e 70 sensors were deployed with 7 m
spacing.

e 133 arrays with overlap were measured
and total sensor location is
approximately 2300.

3/6/2021

430 m One array

v

. . o 700 m
Estimating 3D S-wave velocity structures from seismic ambient
noise based on a common midpoint spatial autocorrelation 15
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S-wave velocity

S-wave velocity cross sections and plan view
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3/6/2021

37 borehole at the site

430 m

700 m

Estimating 3D S-wave velocity structures from seismic ambient

noise based on a common midpoint spatial autocorrelation
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3/6/2021

S-wave velocity at Gll confirmed by boring
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Depth to bedrock (Gl
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3/6/2021

Comparison of bedrock (G
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3/6/2021

Bedrock (Gll) elevation

430 m

Estimating 3D S-wave velocity structures from seismic ambient

noise based on a common midpoint spatial autocorrelation
IR N PR |
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Surface and bedrock topography surface elevaton
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Application examples

 Active fault investigation at Beijing, China (3D)

» Bedrock investigation at the granite hills (3D)

e Major fault investigation (2D)

* Levee safety evaluation (2D)

* Local site amplification with basin edge effect (1D)
* Large scale seismic refraction (2D)

* Ocean bottom passive surface wave method (1D)
* Tele-seismic event recorded by 3C Atom

* Web-based database
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Geology of the site
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Acquisition geometry
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Data acquisition

Atom and Seisimager
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Data acquisition

P
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Acquisition geometry, SPAC pairs, and CMP bins
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Example of CMP-SPAC and phase velocity image

CMP-SPAC

Frequency (Hz)

Phase velocity image in frequency domain
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Phase velocity (m/sec)
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Comparison of observed and theoretical
dispersion curves

Index=9 Distance=5169350.000000m
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Resultant S-wave velocity cross section
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Application examples

 Active fault investigation at Beijing, China (3D)

* Bedrock investigation at the granite hills (3D)

* Major fault investigation (2D)

* Levee safety evaluation (2D)

* Local site amplification with basin edge effect (1D)
* Large scale seismic refraction (2D)

* Ocean bottom passive surface wave method (1D)
* Tele-seismic event recorded by 3C Atom

* Web-based database



Hurricane Katrina (2005

Flooding depth
in New Orleans
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Sites of Investigation
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Deep investigation (2016)
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Deep investigation (2016)
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2D I\/II\/I :_Inustria\ Canal
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2D Ambient Noise Tomography
with Linear Array

55 m (5 m spacing)
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2D MAM : Industrial canal
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Inverted S-wave velocity cross-section (Lower 9th Ward)
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2D MAM : London Avenue Canal
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2D MAM : London Avenue Canal
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Sand boil at London Avenue Canal
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London avenue canal
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London Avenue Canal
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17t Street Canal
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2D MAM : 17t Street Canal
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17t Street Canal

Atom and Seislmager
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17t Street Canal
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Shear failure at 17t Street Canal

Floodwall
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2D MAM : 17t street canal
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17t Street Canal
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Fig. 4. Cross section of 17th Street Canal I-wall at Station 10+00
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17t Street Canal

Comparison of undrained shear strength (S)
empirically calculated from S-wave velocity (V)

S Wave Velocity —4qu

n=33 {OVO rd
Shima 12
w17

1000 Vs=147.6qu"

@ Crest1point Q
W CrestQ
A Crest UCT

——— Crest Strength Interpretation

' Toe 1 pointQ n
0 ToeQ a
5 Toe UCT
| ——— Toe Strength Interpretation b ® o
r
oo ® o
CJ.'EP O
F&Bﬁ A o¥a

]
] [ ]
A

O
Levee Fill

ot YO Shima
}3/30/ © . ® Alluvial Clay

fel) r/ws A
W
=]
=
T

Elevation {ft) NAVDES

2

Surface Wave Method |

» Undrained shear stre¢ngth

.Oo .
. yef/f ’ A . & Diwial Clay
L

l(slocity is
ith the

100t . x .— Loam obtained by §-wave
0/0.5....1. et 2. .’;”""” Mudstone generally consistent
] Clay
VY <) laboratory tests
S-wave velocity (m/s) and unconfined W ‘%i :
compression strength (q,(kg/cm?)) -
) | Sand

V, =147.6q°%7 S, = %

Undrained Shear Strength (psf)

2000

Fig. 5. Laboratory undrained shear strength test results from crest

and toe borings and strength interpretation for 17th Street Canal
[-wall at Station 10+00

Atom and Seislmager

54



Application examples

 Active fault investigation at Beijing, China (3D)

* Bedrock investigation at the granite hills (3D)

* Major fault investigation (2D)

* Levee safety evaluation (2D)

* Local site amplification with basin edge effect (1D)
* Large scale seismic refraction (2D)

* Ocean bottom passive surface wave method (1D)
* Tele-seismic event recorded by 3C Atom

* Web-based database
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Basin edge effect

Seismic ground motion can be locally

amplified at the edge of a tectonic basin.

Tectonic basin Hayward Fault
Converted surface waves l

Surface ground motion
Basin Edge
Effect

Atom and Seislmager
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Site of investigation
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Surface wave methods
e Multichannel Analysis of Surface Waves (MASW)

4.5Hz geophones

e Passive Surface Wave Survey Using geophones in
a Linear Array (Linear-MAM)

46 to 92m (48 receivers)

I Depth < 20m

46 to 92m (48 receivers)

10m < Depth < 100m I
e Two-station Spatial Autocorrelatiomstz geophones

(2ST-SPAC)

Broadband accelerometers
Atom and Seislmager

I 50m < Depth < 2000m
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Comparison of dispersion curves
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Schematic S-wave velocity model
across the faults
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Effect of 2D structure on surface
ground motion

Hayward Fault

500 S-wave velocity model
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Effect of 2D structure on surface
ground motion

S-wave velocity model
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Effect of 2D structure on surface

ground motion

wave
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Surface ground motion without edge
effect (1D)

Hayward Model
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Surface ground motion with edge
effect (2D)
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Comparison of 1D and 2D amplification
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Bedrock depth changes at least 400m across the Hayward Fault, and
it may cause large local amplification (4 to 6 times greater than
bedrock). The impact of this so-called basin edge effect must be
taken into account at least several kilometers away from the
Hayward Fault. Atom and Seisimager

67



Application examples

 Active fault investigation at Beijing, China (3D)

* Bedrock investigation at the granite hills (3D)

* Major fault investigation (2D)

* Levee safety evaluation (2D)

* Local site amplification with basin edge effect (1D)
* Large scale seismic refraction (2D)

* Ocean bottom passive surface wave method (1D)
* Tele-seismic event recorded by 3C Atom

* Web-based database



Large scale seismic refraction
— Data acquisition

Investigation site

Preparation of Atom %

Atom and Seislmager
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Large scale seismic refraction
— Explosion

Preparation of explosion

Explosion

Atom and Seislmager
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Large scale seismic refraction

— Shot gather
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Large scale seismic refraction
— Traveltime curves
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Elevation (m)
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Large scale seismic refraction
— Resultant velocity model
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Application examples

 Active fault investigation at Beijing, China (3D)

* Bedrock investigation at the granite hills (3D)

* Major fault investigation (2D)

* Levee safety evaluation (2D)

* Local site amplification with basin edge effect (1D)
* Large scale seismic refraction (2D)

* Ocean bottom passive surface wave method (1D)
* Tele-seismic event recorded by 3C Atom

* Web-based database



Ocean bottom passive surface wave method

Float Atom

Water depth
10m

Array size 50m~200mr\

Ocean bottom
seismometer

Atom and Seislmager
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Ocean bottom passive surface wave method
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Application examples

 Active fault investigation at Beijing, China (3D)

* Bedrock investigation at the granite hills (3D)

* Major fault investigation (2D)

* Levee safety evaluation (2D)

* Local site amplification with basin edge effect (1D)
* Large scale seismic refraction (2D)

* Ocean bottom passive surface wave method (1D)
* Tele-seismic event recorded by 3C Atom

* Web-based database



Atom records tele-seismic event

3C Atom and 3C 2Hz geophone at
Geometrics office, San Jose, CA, U.S.

-~ - S “\'\-‘,\\

-

5300 km

Image Landsat / Copernicus

Atom and Seislmager




Atom records tele-seismic event
— M7.7 Earthquake at Aleutian Islands (7/17/2017)

Raw data LPF 1 sec
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Atom and Seislmager
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Atom records tele-seismic event

— M7.7 Earthquake at Aleutian Islands (7/17/2017)

LPF 10 sec

Time (s)
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0000000000

3000 |r|[|ilili|

LPF 50 sec

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

Atom and Seislmager
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Comparison with broadband sensor (earthquake)

Atom with
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Application examples

 Active fault investigation at Beijing, China (3D)

* Bedrock investigation at the granite hills (3D)

* Major fault investigation (2D)

* Levee safety evaluation (2D)

* Local site amplification with basin edge effect (1D)
* Large scale seismic refraction (2D)

* Ocean bottom passive surface wave method (1D)
* Tele-seismic event recorded by 3C Atom

* Web-based database



Outline of database Cient server

Upload Geophysical data DB
(dispersion curve, H/V,
Seismograph 1D V¢ model )
(Atom)
~» [I)_ZT IEIZ)T Observed data and analyzed velocity Download
/ model with Lat. Lon.

(dispersion curve, H/V, 1D V model )

Search, browse and download
deep velocity model

Community velocity model
(3D, 250 m ~ 1 km grids)



Site name : 89 Rio Vista (SIA)

Data acquisition and processing Trocessing result
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Finding dispersion curve, H/V and velocity

reenland
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Finding community velocity model from database
seisimager.esy.es/GeophysicalDatabase

Microtremor Array Measurements Database

All Microtremor Array Measurements Data

ind Velocity Model in Japan or U.S. (California) >

Show Velocity Model at Current Pisition (Japan or U.S. (California))

Exam @ data

Enter latitude and longitude

Latitude: |34.068350
Longitude: -118.442976 |

O CAO, Japanese Geovernment (2017, all Japan, Reference)
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O HERP (2017, Kanto. Japan, Reference)
) USGS San Francisco Ba
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| Submit

~o.5.0, Reference)
-alifornia SCEC Unified Velocity Model (4.0, Reference)

Received.

Click here to download!
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