Briefing on Sediment Transport: Principles
and Applications

Executive Summary

Sediment transport is the motion of granular particles driven by fluid flow and is fundamentally a
specialized subfield of fluid mechanics concerned with fluid—particle interactions. This
briefing synthesizes the core principles of sediment transport and highlights its wide-ranging
applications across civil, environmental, and ecological engineering.

In civil engineering, human interventions (e.g., dams, bridges, channelization) alter
hydrodynamic conditions, triggering sediment responses such as erosion and deposition. These
responses lead to engineering consequences including bridge scour, reservoir sedimentation, and
changes in riverbed elevation that affect flood risk. The primary objective is to predict, control,
and mitigate sediment-related hazards.

In environmental and ecological engineering, sediment particles act as carriers of contaminants
and nutrients. Resuspension influences water quality, while deposition and stability are essential
for aquatic habitat integrity and wetland sustainability. The management objective is to
understand sediment-driven pathways to improve water quality and support healthy
ecosystems.

1. Foundational Principles: The Link to Fluid
Mechanics

Sediment transport is governed directly by fundamental fluid-mechanics principles.

e Driving Force: Gravity acting on the fluid generates flow.
e  Momentum Transfer: Moving fluid transfers momentum to particles, primarily through
drag.
o Key Processes:
o Entrainment (initiation of motion)
o Transport (sustained motion)
o Deposition (settling and storage)
e Subfield of Fluid Mechanics: As sediment concentration approaches zero, the system
reduces to pure fluid flow, reinforcing sediment transport as a fluid-mechanics
specialization.



2. Applications in Civil Engineering

Causal Chain:
Hydrodynamics — Sediment Response — Engineering Consequences

2.1 Flow Modification and Morphological Adjustment

e Human Interventions:
o Dams
o Bridges
o Channelization
o Dam removal
e Sediment Responses:
Entrainment
Transport
Deposition
Erosion
Aggradation (bed raising)
o Degradation (bed lowering)
e Result: Channel morphology evolves through scour and bed-elevation change.
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2.2 Key Engineering Impacts

Application Area Description
Non-scour channel/canal design Maintain stable beds and banks under design flows
River & stream bed alteration  Bed level changes affecting conveyance and flood risk
Reservoir sedimentation Loss of storage and reduced dam service life
Harbor & navigation channels Shoaling requiring dredging
Bridge scour Local erosion threatening structural stability

2.3 Management Objective

Develop predictive capability and integrated design strategies to control or mitigate sediment-
related risks.



3. Applications in Environmental &
Ecological Engineering

Causal Chain:
Hydrodynamics — Sediment Processes — Biogeochemical & Ecological Outcomes

3.1 Sediment—Contaminant Interactions

Many contaminants and nutrients adsorb to sediment particles.

Sediment transport is therefore a primary pathway for contaminant migration.
Resuspension releases stored pollutants and nutrients into the water column.
Controlled sedimentation is used for pollutant removal in treatment systems.

3.2 Habitat and Ecosystem Implications
e QGrain-size distribution and bed stability control benthic habitat quality.

e Sediment dynamics influence fish spawning grounds.
e Sediment supply and deposition govern wetland elevation and resilience.

3.3 Environmental Management Objective

Understand and manage sediment-driven pathways to:

e Improve water quality
e Reduce contaminant exposure
e Support healthy aquatic ecosystems



4. Course Context: Sediment Transport
(16:180:566)

4.1 Course Information

Item Information
Course 16:180:566 Sediment Transport
University Rutgers, The State University of New Jersey
Department Civil and Environmental Engineering
Instructor  Qizhong (George) Guo, Ph.D., P.E., B.C.WRE
Semester  Spring 2026
Schedule Wed 6:00-9:00
Location = Busch Campus, Weeks Hall 402

4.2 Topic Outline

1. Introduction

2. Sediment properties

3. Review of fluid mechanics

4. Particle settling

5. Scour criteria and stable channel design
6. Alluvial bed forms and flow resistance

7. Bedload

8. Suspended load

9. Total load

10. Cohesive sediment

11. Channel aggradation and degradation (HEC-RAS)
12. Overland erosion

13. Reservoir sedimentation and management
14. Solids deposition and flushing in sewers
15. Bridge scour prediction and protection

16. Dam removal and stream restoration



4.3 Grading

Homework: 30%

e Independent project: 20%
e Presentation: 20%
e In-class exam: 30%

4.4 Key References

Wu, W. — Sediment Transport Dynamics
Yang, C. T. — Sediment Transport: Theory and Practice
Additional references available through Rutgers Library



