
Study Location

Twenty-five sites near the Town of Blacksburg in Southwest Virginia
were tested using a multiangle submerged jet test device (fig. 1).
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Methods

Three to six tests were run at each site (142 tests total) to determine 
streambank soil erodibility and critical shear stress.  Soil and water samples 
were also taken.
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Objective 1: Determine the best-fit form of the excess shear 
stress equation using scour data from the jet test 
device; and,

Objective 2: Explore alternative erosion models if the excess 
shear stress equation does not effectively describe 
cohesive soil erosion.

Why is predicting cohesive soil erosion difficult?

Erosion of cohesive soils is dominated by a complex interaction 
between the soil structure and the pore and eroding fluids at the 
soil surface.  Soil structure is dependent on the following:

Alternative models are currently being explored.

• Additional values of a are being tested;
• New models of cohesive soil erosion based on soil and stream 

chemical and physical properties are also being evaluated.

How is cohesive soil erosion typically predicted?

In the most basic form, the rate of erosion is related to an 
erodibility factor and a flow variable (Moody et al., 2005).
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• Clay amount and type
• Pore water chemical composition
• Organic matter fraction
• Grain size distribution
• Thixotrophy and stress history of the bulk soil
• Soil pH, temperature, and water content

Soil Properties
• Organic matter
• Moisture content
• Particle size distribution
• d50

• Bulk density
• Textural class

Stream Water Properties
• Temperature
• Specific conductivity
• pH
• Total suspended solids

e = kd(t a-t c)a

where
e= erosion rate 
a= exponent (assumed 1) 
t a = applied shear stress
kd = soil erodibility
t c = critical shear stress

While t a can be estimated by flow hydraulics, the soil parameters t c
and kd are difficult to estimate or measure for fine grained soils; there 
is little guidance on measurement or estimation methods for t c and kd.

Cohesive soil erosion is modeled most often using a linear 
excess shear equation based on two soil parameters.

e = kXa

where
e= erosion of soil particles (kgm-2s-1)
a= exponent 
k= soil erodibility
X = suitable flow variable

Potential flow variables for fluvial systems include: kinetic energy per 
unit area; unit stream power, and force per unit area or boundary 
shear stress.

Data analysis methodology presented by Hanson and 
Cook (1997) was adapted to evaluate nonlinear forms 
of the excess shear stress equation (a � 1). Figure 4 
presents the sum of squares error for these power 
functions.

Figure 1.  Map of field sites near Blacksburg, Va.

Figure 2.  Multiangle submerged jet test device.

Figure 3.  Scour plots for a highly erodible (A), erodible (B), and resistant (C) 
streambanks.
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Figure 4.  Changes in sum of squares error for six field sites as 
the exponent a is increased from 1 to 3
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In 1997 Osterkamp et al. estimated the cost of sediment 
pollution in North America at $16 billion.  The ability to 
predict erosion of cohesive soils will enhance stream 
restoration and watershed management programs. 
Improved models will allow engineers and scientists to 
reduce sediment loads to waterways by identifying 
landuse or management changes that could destabilize 
stream systems through increased fluvial erosion.


