
Dense Geophone Arrays for Imaging, 
Monitoring & Ground-Motion Prediction

Nori Nakata (Univ of Oklahoma)

Diablo Canyon
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Geophone arrays
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Size and density of arrays

Receiver offset (km)
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Cowhill passive data (1988)

Cole (1995)

Stanford University



Observed data

Observed data
48 x 32 s = 25 min



In 1990

Observed data
48 x 32 s = 25 min

Cole (1995)
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In 2015

Observed data
48 x 32 s = 25 min

Correlation gather

3 - 10 Hz 10 - 50 Hz
Nakata & Claerbout, in prep



Improvement over 25 years

Cole (1995)
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Improvement over 25 years

Cole (1995)
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• Computer power

• Physics
• Representation theorem
• Stationary phase

• Processing
• Normalization
• Time windowing
• Spatial averaging

Nakata & Claerbout, in prep



Improvement over 25 years

Cole (1995)
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Diablo Canyon
(2011, 2012)

- 10,091 receivers (Z-comp)
7183 rec (2011)
2908 rec (2012)

- 16 x 16 km2

- 30- and 100-m spacing

- 6 weeks (x2) = ~300 TB

- ~20 broadband stationsData courtesy of PG&E, 
Fugro, and Nodal SeismicNuclear Power Plant



Receiver array

Speed, angle

Beamforming of 
ambient field
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Ambient-noise correlation



Double beamforming (DBF)
source
receiver

Receiver arraySource array

Velocity & Azimuth Velocity & Azimuth

Useful for
- identifying waves
- extracting target waves



DBF helps body-wave extraction
source
receiver 5 Hzsource
receiver



DBF helps body-wave extraction
source
receiver 5 Hzsource
receiver



DBF helps body-wave extraction
source
receiver 5 Hzsource
receiver



DBF helps body-wave extraction
source
receiver 3 Hz



Piton de la Fournaise

300 geophones
Data courtesy of Grenoble, Resif
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Body wave beneath active crater ??
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Brenguier et al.,
GRL, 2007
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Body wave beneath active crater !!
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with array signal processing

Nakata et al. (GRL, 2016)

Brenguier et al.,
GRL, 2007

Body wave

Pseudo arrival
from East



Long Beach array (2012)
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Binned stack gather

Data courtesy of Signal Hill 
Petroleum, Nodal Seismic

P wave
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Ambient-noise P-wave tomography

Nakata et al. (2015)



Velocity model is needed for ground-
motion simulation

SCEC.org



Small scale = High frequency

0.05 – 0.25 Hz 0.2 Hz

50-story building
(200 m tall)

Golden gate
bridge

1 Hz

10-story building
(40 m tall)

~ km 
scale

~ 100 m ~ 10 m ~ m

2 – 10 Hz
House

Photo courtesy of CESMD
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Nakata et al. (2015)



Velocities in wavenumber domain

0.0

1.0

De
pt

h 
(k

m
)

0.0

3.0

2.0

1.0

4.0

Easting (km)

0.0

8.0
7.0

6.0
5.0

4.0
3.0

2.0
1.0

Northing (km)

0

10

5

-10

-5 P 
ve

lo
cit

y
flu

ct
ua

tio
n 

(%
)

3D F.T.



Power of heterogeneity is…
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…explained by Random models

von Karman model



High wavenumber
= High frequency information !
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4 – 8 Hz
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4 – 8 Hz
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Nakata & Beroza (2015)



Event detection & location (> M-2.0)

M2.2

13 km



Polarity = Radiation pattern
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Correlation with weather parameters
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