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What is seismic noise?
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 Why do we want the Green’s function?

Liu (2018)Perkins (2019)

Direct wave Scattered coda

Imaging Time-lapse monitoring



Why use coda waves?

Obermann and Hillers (2019)



 Retrieving the Green’s function

Hadziioannou et. al., (2009)



How do we measure velocity changes?

 c

Brenguier et. al., (2016)



History of Seismic Interferometry



History of Seismic Interferometry



History of Seismic Interferometry



History of Seismic Interferometry



History of Seismic Interferometry



Applications of seismic interferometry 
✔ Image the upper crustal structure of the earth e.g. Shapiro et al., (2005)

✔ Monitor seismic response to earthquake e.g. Brenguier et al., (2008)

✔ Monitor volcanoes   e.g. Brenguier et al., (2008), Olivier et al., (2020)

✔ Monitor landslide failure  e.g. Mainsant et al., (2012)

✔ Monitor earthen embankment  e.g. Planès et al., (2016)

✔ Monitor tailings dam e.g. Olivier et al., (2017)

✔ Image tailings dam e.g. Olivier et al., (2018)



Imaging the Earth’s crust
“High-Resolution Surface-Wave Tomography from Ambient Seismic Noise”

Shapiro et. al., (2005)



Olivier et. al., (2021)

Imaging for resource exploration



Earthquake Monitoring



Volcano Monitoring
“Towards forecasting volcanic eruptions using seismic noise”

Brenguier et. al., (2008)



Volcano Monitoring
“the velocity decrease prior to eruption is likely due to accumulating damage induced by the pressure 
exerted by the magma reservoir on the edifice”



 Landslide Study
“Ambient seismic noise monitoring of a clay landslide: Toward failure prediction”

Aerial photo of 
the Pont 
Bourquin 
landslide in 
Switzerland [9]

North-south and east-west (a) geological cross section 
and (b) electrical resistivity tomography profiles Mainsant et. al., (2012)



 Landslide Study
“Ambient seismic noise monitoring of a clay landslide: Toward failure prediction”

Mainsant et. al., (2012)



 Open Pit Slope Monitoring

Luo et. al., (2018)

Salvoni et. al., (2015)



 Open Pit Slope Monitoring

de Wit et. al., in prep (2021)

Approximate start of slope failure 
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How does it work in a dam?
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Experiment at Princes Creek, Australia



Experiment at Princes Creek, Australia

Olivier et. al., (2017)



Experiment at Princes Creek, Australia

Olivier et. al., (2017)



After only a 
few minutes of 
noise 
correlations 
we can make 
stable 
measurements 
of changes in 
seismic  
velocity
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Experiment at Princes Creek, Australia

Olivier et. al., (2017)



Experiment at Princes Creek, Australia

Olivier et. al., (2017)



Experiment at Princes Creek, Australia

See paper for more details:

Olivier, G., Brenguier, F., de Wit, T., & Lynch, 
R. (2017). Monitoring the stability of tailings 
dam walls with ambient seismic noise. The 
Leading Edge, 36(4), 350a1-350a6. 
https://doi.org/10.1190/tle36040350a1.1



Imaging Experiment, Welkom, South Africa

Olivier et. al., (2018)



Imaging Experiment, Welkom, South Africa

Olivier et. al., (2018)



Imaging Experiment, Welkom, South Africa

Wet

Dry

Olivier et. al., (2017)



Current Monitoring
We currently monitor 17 tailings dams in Brazil in real time for Vale and 
Mosaic with our local partner, Tetra Tech.

Further tailings dams are to be commissioned in Australia, Mexico and USA
(Freeport McMoRan) in the next few months.





Velocity Change Thresholds

Le Breton et. al., (2021)



Velocity Change Thresholds

Kayen et. al., (2013)



Changes in Noise Conditions



Changes in Noise Conditions



Depth of Measurements

Le Breton et. al., (2021) Obermann et. al., (2013)



Conclusions
Seismic interferometry is a cost effective method to monitor internal changes 
in tailings dams in real-time to provide early warning of potential failures.
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Centrifuge Experiments: Understanding Failures
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