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Seismographs for seismology and exploration
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Investigation Depth Vs. Price/Sensor
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Engineering people are currently interested in top 30 m and academic people are mainly 
interested in more than a depth several kilometers such as crustal structures. It appears 
that engineering people will be interested in deeper and academic people will be interested 
in shallower. ATOM’s capability and price level allow Geometrics to catch the market ! 

Future interest

Atom’s penetration capability and 
price level is outstanding compared 
with competitors !
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Atom fits everything !

Conventional seismic 
refraction, reflection

Large scale 
seismic refraction

Active (MASW) and passive 
(SPAC) surface wave method

Deep passive 
surface wave 

method

2D/3D ambient 
noise tomography

Monitoring

Shot box Solar 
battery

mseed
export

Sensor 
correction

Communicati
on interface

VS30

Fast sampling rate

Easy download

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
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Active fault investigation at Beijing, China
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Beijing Capital 
International Airport

Downtown Beijing

Investigation site
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B

Acquisition geometry
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Coherencies and phase velocity images in frequency domain

Atom and SeisImager 9



D
ep

th
 (

m
)

a) b)

P
h

as
e 

ve
lo

ci
ty

 (
m

/s
)

Dispersion curves and S-wave velocity models
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Active fault investigation at Beijing , China
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150 m
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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
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Bedrock investigation at the granite hills 

3/6/2021
Estimating 3D S-wave velocity structures from seismic ambient 

noise based on a common midpoint spatial autocorrelation 
method
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700 m

430 m• In order to delineate depth to a bedrock 
(GII), ambient noise tomography (passive 
surface wave method) was carried out.

• Investigation area is 700 X 430 m.
• 70 sensors were deployed with 7 m 

spacing.
• 133 arrays with overlap were measured 

and total sensor location is 
approximately 2300.   

One array



S-wave velocity cross sections and plan view

3/6/2021
Estimating 3D S-wave velocity structures from seismic ambient 

noise based on a common midpoint spatial autocorrelation 
method
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700 m

430 m

75 m



37 borehole at the site

3/6/2021
Estimating 3D S-wave velocity structures from seismic ambient 

noise based on a common midpoint spatial autocorrelation 
method
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430 m



S-wave velocity at GII confirmed by boring

3/6/2021
Estimating 3D S-wave velocity structures from seismic ambient 

noise based on a common midpoint spatial autocorrelation 
method
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Depth to bedrock (GII)

3/6/2021
Estimating 3D S-wave velocity structures from seismic ambient 

noise based on a common midpoint spatial autocorrelation 
method
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700 m

430 m
Depth



Comparison of bedrock (GII) depth estimated 
by ambient noise tomography and boring

3/6/2021
Estimating 3D S-wave velocity structures from seismic ambient 

noise based on a common midpoint spatial autocorrelation 
method
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Bedrock (GII) elevation 

3/6/2021
Estimating 3D S-wave velocity structures from seismic ambient 

noise based on a common midpoint spatial autocorrelation 
method
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700 m

430 m

Elevation



Bedrock (GII) elevation

Bedrock (GII) surface

Surface and bedrock topography

3/6/2021
Estimating 3D S-wave velocity structures from seismic ambient 

noise based on a common midpoint spatial autocorrelation 
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
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Investigation site
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Geology of the site
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Linear arrayT-shaped arrays

Acquisition geometry
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Data acquisition
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Data acquisition

Atom and SeisImager 28



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

Atom and SeisImager 30



Frequency (Hz)

P
h

as
e 

ve
lo

ci
ty

 (
m

/s
e

c)
Wavelength =

Atom and SeisImager 31



Comparison of observed and theoretical 
dispersion curves
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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
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Hurricane Katrina (2005)
Flooding depth 
in New Orleans

1.0

2.0

Depth (m)

0.5

3.0

>5.0

London Avenue Canal
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Sites of Investigation

36

Industrial canal

London Avenue Canal
17th Street Canal
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Deep investigation (2016)

15m

60m

240m
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Deep investigation (2016)
Comparison of dispersion curves
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2D MAM : Industrial Canal

0 m

1100 m
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2D Ambient Noise Tomography 
with Linear Array

55 m (5 m spacing)

After 10 min.

After 10 min.

Atom and SeisImager 40



2D MAM : Industrial canal
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2D MAM : London Avenue Canal

0 m

1000 m



2D MAM : London Avenue Canal
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Levee Breach
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Sand boil at London Avenue Canal
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Hydraulic connection 
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London Avenue Canal
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S-wave velocity (m/s)

S-wave velocity of the sand layer caused 
levee breach indicates loosen sand.
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17th Street Canal

Levee broken by Katrina and reconstructedOld levee
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2D MAM : 17th Street Canal

0 m

450 m
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17th Street Canal
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Levee Breach
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17th Street Canal
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Levee Breach
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Shear failure at 17th Street Canal
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2D MAM : 17th street canal
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17th Street Canal
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S-wave velocity of the clay layer caused 
levee breach is extremely slow.
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17th Street Canal

Surface Wave Method

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

S-wave velocity (m/s) and  unconfined 
compression strength (qu(kg/cm2))

Undrained shear strength 
obtained by S-wave velocity is 
generally consistent with the 
laboratory tests

2

u
u

q
S =417.06.147 uS qV =

54Atom and SeisImager



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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Local site amplification

20km

My office
San Andreas Fault
(Earthquake 1906)

Pacific plate

North American plate

Calaveras Fault

Hayward 
Fault

30-year probabilities of magnitude 6.7 or 
greater earthquakes on the Hayward and 
Calaveras Faults have been estimated at 
31% and 7%, respectively 56

M6.0 Earthquake 
(2014/8/24)

Pacific plate

North American plate
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Basin edge effect
Seismic ground motion can be locally 

amplified at the edge of a tectonic basin.

Bedrock

Sedimentary 
layers

Tectonic basin
Converted surface waves

Surface ground motion

Basin Edge 
Effect

Hayward Fault
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Site of investigation

Diablo Range

San Francisco Bay 
Area
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Surface wave methods
• Multichannel Analysis of Surface Waves (MASW)

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

• Two-station Spatial Autocorrelation 
(2ST-SPAC)

46 to 92m (48 receivers)

46 to 92m (48 receivers)

Depth < 20m

10m < Depth < 100m

50m < Depth < 2000m

59

4.5Hz geophones

4.5Hz geophones

Broadband accelerometers
Atom and SeisImager



Comparison of dispersion curves
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Schematic S-wave velocity model
across the faults 

700-800

1000-1500
1500-2000

Study 2D effect on surface ground motion 
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Effect of 2D structure on surface 
ground motion
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Effect of 2D structure on surface 
ground motion
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Direct SH wave
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Surface ground motion without edge 
effect (1D)
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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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Without
Edge Effect

With
Edge Effect

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



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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Investigation site

Preparation of Atom

Atom in snowy mountain

Atom in snowy mountain

Large scale seismic refraction
– Data acquisition
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Large scale seismic refraction
– Explosion

Preparation of explosion Explosion
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Large scale seismic refraction
– Shot gather
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Large scale seismic refraction
– Traveltime curves
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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
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Ocean bottom passive surface wave method

Atom
Float

Water depth

Ocean bottom 
seismometer

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

5300 km

M7.7

3C Atom and 3C 2Hz geophone at 
Geometrics office, San Jose, CA, U.S.
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Atom records tele-seismic event
– M7.7 Earthquake at Aleutian Islands (7/17/2017)

Raw data LPF 1 sec
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Atom records tele-seismic event
– M7.7 Earthquake at Aleutian Islands (7/17/2017)

LPF 10 sec LPF 50 sec
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Comparison with broadband sensor (earthquake) 

Atom and SeisImager 81

Atom with
2 Hz sensor

Borehole 
broad band 

sensor
(Hi-net)

25 min.



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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Outline of database

Geophysical data DB
(dispersion curve, H/V, 

1D VS model )

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

Observed data and analyzed velocity 
model with Lat. Lon.

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

Upload

Search, browse and download 
deep velocity model

Data with 
Lat. Lon.

ServerClient

Download

Seismograph 
(Atom)
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Data acquisition and processing 

Sensor locations from GPS

Processing results

Upload data to database
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Finding dispersion curve, H/V and velocity 
model from database : SeisImager.com
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Data in Los Angeles area

Dolphin park
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Manhattan Beach



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