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Impact on Settling Velocity and Incipient Velocity of Sediment after Biofilm Colonization
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In the last few decades, human activates discharge industrial, agricultural and domestic waste
into water systems, which generally contaminate water and causes eutrophication. Eventually, the
pollution phenomena lead to a series of changes in sediment properties, such as the transformation
of substances, floc formation, particle settling movement and bed stability. These phenomena
prompted the interdisciplinary research of sediment science and water ecology as a trend. The
presence of biofilm growth significantly affects the physical properties of sediments. In
eutrophic aquatic areas, the adsorption of nutrients on sediments provides favorable conditions
for microbial activities, and the effects of biofilm on sediment properties particularly on
sediment motion characteristics have attracted increasing attention. However, most studies were
carried out in field of marine areas, few laboratory experiments have been taken in freshwater
area systematically. This dissertation mainly focuses on the changes of size distribution and the
dynamic characteristics of sediment after biofilm colonization. The research built on the
experimental studies of settling movement and incipient motion after the biofilm cultivation on
sediment, and on the basis of experimental observation and data collection, the settling and
incipient motion pattern were compared and analyzed deeply.The grading curves and settling
velocity were presented by particle image acquisition and image analysis techniques. During the
process of particle settling, digital images were captured continuously; image processing
technology was used to analyze the statistics, and two matching algorithms of PIV (Particle
Image Velocimetry) and PTV (Particle Tracking Velocimetry) were utilized to calculate the
settling velocity. Experimental results indicate that the range of bio—particle sizes is 1-2
orders of magnitude wider than that of primary particles. A drag coefficient formula of bio-—
particles was proposed as a function of particle Reynolds number between 1°200. The drag force
exerted on a bio—particle is larger, and settling velocities of bio—particles are approximately

50-60% of an equivalent smooth sphere. A fitting formula for the drag coefficient with biofilm




was proposed and settling velocity calculation in different position was discussed. The
experimental data show significant changes of particle distribution after biofilm colonization,
on the other hand, the resistance force exerted on a bio—coated particle is larger than that for
a primary particle through changing the surface characteristics. The study on the biofilm effects
on incipient motion conditions was performed by a series of flume experiments. Two kinds of
sediment samples, one kind were with biofilm colonization, the other without biofilm, were
observed to compare the different entrainment process and analyze the variation trend of
incipient velocity over time. It was found that the incipient motion phenomena were quite
distinct between them. Biofilm grew prosperously and sediment with biofilm had a higher
stability, and the incipient velocity increased up to a threshold level with time and then
declined, indicating a bell-shaped trend. Incipient velocity formulas for sediments after biofilm

colonization were derived according to the data gained from the experiments
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