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…so channel widening is common



Freeze-thaw and wet-
dry cycling weaken soil

Soil entrained 
during high flows

Mass failure from 
slope instability

Subaerial Processes/ 
Erosion

Fluvial Entrainment Bank Failure
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The problem isn’t the 
accuracy of our 
measurement techniques.  
The problem is weather 
varies over time scales 
much greater than human 
lifespans!





Subaerial Processes/ 
Erosion

Fluvial Entrainment Bank Failure
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Er = Erosion rate (L/T)

Kd= Erodibility coefficient (L2.T/M)

a = Actual shear stress (M/L.T2)

c = Critical shear stress (M/L.T2)

a = Exponent, assumed equal to 1





https://www.ars.usda.gov/southeast-area/oxford-ms/national-sedimentation-laboratory/watershed-physical-processes-research/research/bstem/overview/



New Stuff!



Changes in Fluvial 
Erosion with Stream 
Chemistry

of Cohesive 
Streambank 
Soils



Open 
Access



 Temperature
 pH
 Deicing salt





(a) Kaolinite
(b) Tubular crystals of halloysite
(c) Spheroidal crystals of halloysite
(d) Montmorillonite 
(e) Flaky illite
(f) Fibrous illite 

Images courtesy of The Clay Minerals Society and the 
Clay Minerals Group of the Mineralogical Society 
(Images of Clay Gallery, available at 
www.minersoc.org/pages/gallery/claypix/index.html). 

Industrial Clays - Scientific Figure on ResearchGate. Available from: 
https://www.researchgate.net/SEM-images-of-clay-minerals-a-
pseudohexagonal-crystals-of-kaolinite-b-tubular_fig4_311583515 
[accessed 30 May, 2018]



Flow straightener

Flow direction

Flume insert

100 cm

40 cm
5-cm dia. soil core, 
flush w/flume wall

Screw-type  
advance mechanism



 Water temperatures of 10, 20, and 30˚C
 pH of 6 and 8
 NaCl concentrations of 0 and 5000 mg/l
 3 replicates for each soil-T-pH-salt combination

 Velocity profiles and distance to sample measured with 
a Vectrino II ADCP

 Sample advanced after every 1 mm of erosion
 Shear velocity determined using rough law of wall (𝑢∗ =

Τ𝜏 𝜌)

 Shear stress ranged from 0.2—6.5 Pa (0.004 – 0.135 psf)
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Clay Type 
Bulk Density 

(g/cm3) 

Soil Moisture Content 

at Compaction (%) 

Hammer Blows 

Per Layer 

Vermiculite 1.5 7.5 4 

Montmorillonite 1.3 4.7 3 

 





New 
research by 
Akin Akinola



1. Streambank retreat occurs primarily due to three 
processes:  subaerial erosion/processes, fluvial 
erosion, bank failure

2. An accurate “sample” of streambank erosion rate 
requires similar time spans as precipitation and 
stream discharge measurement (20-30 years)

3. BSTEM provides a process-based estimate of bank 
retreat

4. Fluvial erosion rates of cohesive streambanks vary 
with stream and soil temperature, pH, and salt 
concentration



https://en.wikipedia.org/wiki/Carnac_the_Magnificent


