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Experiment of erosion and deposition for sediment colonized by biofilm
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Cohesive sediment might have a binding effect for surrounding particles. When biofilm
grows up at the surface of cohesive sediment, some new transport properties appear. To
capture the law about how biofilm coated cohesive sediment, defined as bio—sediment,
behavior vary, contribute to develop the application of sediment transport including bed
load and suspended 1load 1in the practical engineering. This study focuses on
biostabilization of bio—sediment in the Beijing Guanting Reservoir (BGR) and Three Gorges
Reservoir (TGR). Physical, geochemical and morphological properties of such support
particle as well as related biofilm mass and microbial community were investigated. Close
similarity was found between mineralogy of BGR compared to TGR. Results showed that
characteristics of biofilm—covered sediment gradually start to change after 5-days of
biofilm growth and this change obviously accelerates after 10-days growth. On the one
hand, constituted by bound sediment, growth of biofilm increased bed surface strength and
critical shear stress and on the other decreased measured vertical sediment concentration
and erosion depth of bed surface. Biomass analysis based on results of loss on ignition
(LOI) showed an increase in biomass with either a decrease in support sediment size or an
increase in cultivation period of biofilm. Microbial community analysis of TGR samples
using phospholipid fatty acids (PLFA) technique deduced a high proportion of gram—positive
bacteria and gramnegative bacteria. The results basically agree well with the biomass
and microbial community of practical BGR and TGR. Comparison of maximum suspended
concentrations between bio—sediment and primary sediment on the same flow condition showed
that 1.5%, 78% and 94.5% decrease in values for 5, 10 and 15 days respectively, but
decrease amplitude tends stabilization. It showed that longer biofilm growth periods have
less sediment concentration in the flow due to more difficult erosions arising by biofilm

binding bed surface sediment. Furthermore maximum shear stresses of bio—sediment,




indicating bed biostabilization, for 5, 10 and 15 days increase 1.82, 2.92 and 4.56 times
compared to primary sediment. Erodibility (ratio of eroded to initial sediment volumes)
of bio—sediment for 5, 10 and 15 days was 92.5%, 38.2% and 20% respectively compared to
primary sediment. Focusing on biofilm coated sediment, as the bed load transport, particle
tracking velocimetry (PTV) technique was inferred for visualizing near bed motion of bio—
sediment. Saltation curves based on PTV data were analyzed. Then a mathematical model
describing near bed particle motion was modified to fit the properties of bio—sediment
transport. Based on validation of calculated results of bed load transport rate and
suspended load concentrations by experimental data, the relationship between the bed load
transport rate of bio—sediment and flow function was proposed. By using the relationship
and measured vertical suspended load concentration profiles for steady flow, the

equilibrium sediment concentration formula at the surface of bed was then deduced.
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