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Investigating the Mechanics of Water Flow and Bedload Sediment Transport in 
Rivers from Seismic Observations 

-Tsai, V. C., B. Minchew, M. P. Lamb, and J.-P. Ampuero (2012), A physical model for 
seismic noise generation from sediment transport in rivers, Geophysical Research Letters, 39, doi:10.1029/2011gl050255. 
-Schmandt, B., R. C. Aster, D. Scherler, V. C. Tsai, and K. Karlstrom (2013), Multiple fluvial processes detected by riverside seismic 
and infrasound monitoring of a controlled flood in the Grand Canyon, Geophys. Res. Lett., 40, doi:10.1002/grl.50953 
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Grain Impacts Turbulent Water Flow 
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Idealized Grain impact model  
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Les Bossons River (France) 

    

Can we Model the Seismic Noise induced by 
Water Flow? 

How can Seismic Monitoring Help to better 
Characterize the Mechanics of Bedload Transport? 

Rayleigh wave 
Ground motion 
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Constraints from Active Seismic Field measurements   

Tsai et al., 2012 
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Distribution inferred from a 
catalog of impulses events  
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Tuning of D and r0 
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Geophones 

Localization of impacts 

End tail of moving grain size distribution  -- D 
Impulses selection 

Grain impact directionality -- θ 
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Model Fit 

r0 = 9 m 
D = 0.25 m 

r0 = 5 m 
D = 0.4 m 
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Model Sketch 

Hypothesis: Water pressure fluctuations are induced by  
       turbulent flow impacting river bed protrusions 

Governing Equations 
Power spectral density of the 3D velocity fluctuations 

Power spectral density of force fluctuations acting on grain size D 

with and 

The amplitude of  , i.e. 𝛽𝛽, is set such that  

where and C a constant between 1 and 2 (Lamb et al, 2008) 

Assuming a rate of impacts = f(flow speed, hop time, …) 
Tsai et al. (2012) inverted a bedload flux. 

(Tsai et al., 2012) 

Love wave 

with 

For accurate inversions, impact mechanics 
needs to be constrained from observations 
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3 components analysis  Predicted ground velocity power at the seismic station 
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U : stream velocity (m/s) 

H : water depth (m) 

l : largest eddy size (m) 

*u : shear velocity (m/s) 

: viscous dissipation (m2/s3) 

f : frequency (Hz) 

ε
u : fluctuating velocity (m/s) 

fu : fluctuating velocity in the 
frequency band       (m/s) df

Notations 

Q(f) vc(f) 

Final Model Of Water flow  
Noise Spectrum 

Using the Les Bossons geometry, fluvial parameters and wave propagation values 

References : 

D : grain diameter (m) 

 𝛼𝛼 = 1.5  is set from laboratory experiments 

𝑃𝑃 𝑓𝑓,𝐷𝐷 ~𝑢𝑢∗2𝑈𝑈3~𝐻𝐻3 
𝑃𝑃 𝑓𝑓 =  �

𝑛𝑛
𝑡𝑡
𝑃𝑃 𝑓𝑓,𝐷𝐷 𝑑𝑑𝐷𝐷 

with 
𝑛𝑛
𝑡𝑡

= 𝑊𝑊𝑈𝑈/𝐷𝐷2 

Scaling of Predicted Noise versus water height compared with Field and Lab 
Measurements  

Configuration 

Example of a seismic noise record 
during a large flood event  

Picture of the bottom part of the stream 

F : impact force (N) 

t∆ : contact time (s) 

m : grain mass (kg) 

iw : impact velocity (m/s) 

-Burtin, A., R. Cattin, L. Bollinger, J. Vergne, P. Steer, A. Robert, N. Findling, and C. Tiberi (2011), Towards the hydrologic and bed load 
monitoring from high-frequency seismic noise in a braided river: The ‘torrent de St Pierre’, French Alps, J. Hydrol., 408, 43–53. 
-Lamb, M. P., W. E. Dietrich, and J. G. Venditti (2008b), Is the critical Shields stress for incipient sediment motion dependent on 
channel-bed slope?, J. Geophys. Res., 113, F02008, doi:10.1029/2007JF000831. 

Seismic obs. may be appropriated to infer local water flow velocities  
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