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Objectives/Hypothesis

The objectives of this research were 1) to measure resuspension/detachment rates of clay
particles and adsorbed contaminants in flume and column studies, and 2) to relate the
detachment or resuspension rates to imposed bed shear stress as well as microscopic,
interparticle forces as affected by humic substances, pH and ionic strength, ans sediment
type. The ultimate goal of this effort was to improve numerical models used to predict
resuspension and subsequent transport of contaminated, cohesive sediments in natural
water bodies due to storm events or dredging activities.

Approach

Flume studies were conducted under conditions of uniform flow in a recirculating tilting
flume which was constructed for the purposes of this project. Experiments were
performed at bed slopes of 0.002 and 0.003. The bed shear stress was varied from 1.0 to
2.4 N/m* by changing the flume discharge and bed slope. Flow depths varied from 4.2 to
9.1 cm. And mean velocities ranged between 0.33 and 0.54 m/s. Bed shear stresses were
determined from the uniform flow formula after correlation with shear stresses calculated
from detailed velocity profiles measured near the bed at the test section.

The resuspension characteristics of kaolinite clay and bottom sediment collected from the
Calcasieu River near a contaminated industrial site in Lake Charles, Louisiana were
studied in the flume. The rate of erosion and the total mass of sediment eroded were
monitored as a function of shear stress. In addition, the characteristics of the kaolinite
samples were varied by changing the pH of the sediment pore water in the range from 3
to 8, and by adsorbing various amounts of natural organic matter (NOM) from the
Suwanee River.

During an erosion event, a sample stream was taken continuously downstream of the
flume test section and was passed through a Chemtrac Particle Monitor which was
calibrated to determine particle concentration from which initial erosion rates were
determined.



Column experiments were conducted in a glass column of 27 mm diameter which was
packed with 175 g of fine glass beads. The column experiments were conducted in two
steps: an attachment step followed by a detachment step. During filtration all effluent
was collected for later measurements. After attachment, the column was backwashed
under fluidized conditions with a 20% bed expansion. All backwash water was collected
for subsequent mass measurements. The percent detachment as mass was then
determined by mass balances as a function of ionic strength and pH, and concentration of
adsorbed NOM on the kaolinite particles.

Interparticle forces were calculated to determine the net attractive or repulsive forces
between particles as a function of separation distance, pH, and ionic strength. DLVO
forces due to the electrical double-layer and van der Waals attractive interactions as well
as non-DLVO forces due to Born repulsion and hydration effects were calculated. These
calculations and the variation of interparticle forces with pH and inoic strength were
validated with detachment experiments using spherical particles in a well defined
experimental setup. Then, natural kaolinite particles were modeled as small hexagonal
platelets. Cleavage surfaces of the kaolinite particles were represented by a flat plate
while interactions of platelet edges were represented by a cylinder. These force
calculations have not been done previously and were developed as part of this research.

Results

In addition to the well known influence of bed shear stress on erosion or resuspension,
the results of this research have demonstrated the important influence that pH, organic
matter, and clay mineralogy have on rates of detachment and erosion of cohesive
sediments in both column and flume experiments. Relationships were developed for
quantifying the effect of concentration of adsorbed organic matter, sediment pore water
pH, and bed shear stress on erosion rates. This represents the first time that the role of
natural organic matter in bottom sediments has been quantified with respect to the
erosion/resuspension process. In addition, microscopic force calculations that were
developed for the first time in this research show how to predict particle-particle
interactions in cohesive sediments and then to explain erosion behavior based on those
interactions.

The flume experiments showed that initial erosion rates increased linearly with
nondimensional excess shear stress. The parameter values of critical shear stress Jc and
erosion rate coefficient M were found to depend directly on sediment pore water pH and
adsorbed organic mater. At an intermediate pH range of 5 to 7, the kaolinite was shown
to be much more susceptible to erosion in comparison to low or high values of pH.
Similar effects of attachment pH on percent detachment were observed in the column
experiments. In the flume experiments, increasing concentrations of adsorbed natural
organic matter on the kaolinite particles in ranges expected in natural environments
caused increased erosion rates, which is especially significant because of the increased
likelihood of contaminants being associated with sediments high in organic matter. At
very high concentrations of organic matter, the column experiments displayed a decrease
in percent detachment during backwash with 20% bed expansion possibly due to



polymeric bridging. These results suggest that pH and ionic strength versus organic
matter and divalent cations have conflicting and complex effects on the interparticle
microscopic forces and the corresponding erosion of cohesive sediments. These
parameters are the most important factors to consider when microorganism-mediated
transformation in organics and pH occur in bottom sediments of rivers. They are also
important factors to consider in the dredging of bottom sediments which have a
significant accumulation of organic matter.

The results of the research have further demonstrated the significant impact that types of
particle-particle interactions in cohesive sediments can have on their rates of erosion.
Theoretical calculations of interparticle forces have successfully predicted the types of
particle interactions to be expected under given conditions of pH and organic matter and
hence can be used to explain the experimental erosion and detachment behavior observed
in cohesive sediments. Of even more significance for future research is that the
microscopic force calculations provide a theoretical basis for predication critical shear
stresses and hence ultimately, erosion relationships.

It is recommended that because of the significant influence of organic matter on erosion
relationships and the very limited information available in the published literature, further
study should examine the effects of the amounts of adsorbed natural organic matter on
erosion of clay particles in terms or the changes caused in repulsive electrostatic
interactions contrasted with flocculation due to bridging effects. A major focus of these
studies should be on the erosion of kaolinite with natural organic matter complexed with
heavy metal contaminants. In addition, studies on the effect of organic matter on
mobilization of metal contaminants after sediment resuspension and exposure to the
water column have occurred are needed to determine the ultimate fate of the contaminant
itself in addition to the sediment. Finally, extension of the microscopic force approach to
sediments other than kaolinite would greatly broaden its applicability for the
determination of erosion/resuspension relationships of a more general nature.
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