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1. Introduction
Motivation
Bed-load transport along widely graded river-beds typically exhibits
anomalous dynamics, whose efficient characterization may require
parsimonious stochastic models with pre-defined statistics involving the
waiting time and hop distance distributions for sediment particles. Bridge
between the individual particle motion and the macroscopic phenomena.

Objective
Characterizing the nature of time-dependent anomalous dispersion
behavior in bed-load transport and interpret the physical
mechanisms of widely graded bed-load particles.
Advantages
Providing a convenient model to simulate bedload transport.
Describing the transport behavior from anomalous to normal, and well
character the physical mechanism of anomalous behavior.
2. Theory and Methodology
Decoupled CTRW master equation
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3. Numerical simulation
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4. Discussions
 The riverbed structures can accelerate the small particles while blocking the large
particles
 The super-dispersion weakens with an increasing particle size, and super dispersion
for bed-load with the instantaneous source is weaker than that of continuous source.

5. Conclusions
 Applications show that the CTRW model with heavy-tailed hop distances and
waiting times can efficiently characterize the observed transport behavior for nonuniform bed-load sediment under different source load conditions.
 The flume experimental data and the CTRW model indicate that anomalous
dispersion of bed-load is sensitive to the size of particles. Under the condition of
low intensity sediment transport, the fine particles exhibit stronger super-dispersion,
while the coarse particles show stronger sub-dispersion since they can be trapped
for a relatively longer time on the sand bed.
 The particle-formed cluster and the fast channel structure on the river bed may be
the main factor leading to the anomalous dispersion behavior of bed-load. Some
particles are blocked/trapped by clusters, others can enter the flow accelerating
belts, which lead to the broad distribution of random waiting times and hop
distances.
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