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Figure 5.1 Shoreline Erosion: Before and After Photos (SEAS, 2007)

Streambanks and shorelines naturally erode. Water flowing along (parallel to) streambanks
dislodges sediment and other materials that constitute the streambank. Similarly, water flowing
perpendicular to shorelines, due to waves or tides, transports sediment and other materials away
from the shoreline. Anthropogenic influences change the natural erosion processes, often
increasing erosion locally and sedimentation downstream, along adjacent shorelines, or offshore.
Many human activities change the hydraulic characteristics of stream flows or transfer energy to
adjacent shorelines and contribute to increased streambank and shoreline erosion, for example:
•
•
•

•

•
•

Urbanization that leads to changes in imperviousness creates changes in the hydraulics of
water during wet weather events. Increased imperviousness can result in flashier runoff
events that are shorter in duration with greater flow rates and more erosive force.
Agricultural practices, such as drainage ditches, can change the characteristics of
subsurface water flows into receiving streams. These changes result in less subsurface
water storage and often increase stream flows during and after storms.
Livestock grazing may reduce vegetative cover, which can result in more erosion on
uplands and increased sediment and other pollutant loads in streams. Livestock that are
allowed direct access to streams can significantly increase streambank erosion and
destroy important riparian habitat.
Roads built in rural areas, such as forest and recreational roads, alter the natural
landscape and can destroy riparian habitat. If not properly installed and maintained, these
types of roads erode and supply increased sediment and pollutants to adjacent streams.
Additionally, roads may increase imperviousness, which leads to flashier runoff events.
Stream crossings associated with rural roads can block fish passage, trap debris during
storms, and lead to increased streambank erosion in nearby areas.
Marinas can alter local wave and tidal flow patterns, resulting in transference of wave
and tidal energy to adjacent shorelines.
Channelization or channel straightening sometimes results in an increase in the slope of
a channel, which causes an increase in stream flow velocities. Channel modifications to
reduce flood damage, such as levees and floodwalls, often narrow the stream width,
increasing the velocity of the water and thus its erosive potential. In addition, newly
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•

constructed banks are generally more prone to erosion than “seasoned” banks and are
more likely to require bank stabilization.
Dams alter the flow of water, sediment, organic matter, and nutrients, resulting in both
direct physical and indirect biological effects. The impact of a dam on a stream corridor
can vary, depending on the purposes of the dam and its size in relation to stream flow.
Varying discharges released from a hydropower dam can be a significant factor
increasing streambank erosion. When dams are a barrier to the flow of sediment and
organic materials, the decreased suspended sediment load in release waters may lead to
scouring of downstream streambeds and streambanks.

In summary, these anthropogenic factors can affect the state of equilibrium in streams or along
shorelines. The typical chain of events that follows the disturbance to a stream corridor or
shoreline can be described as changes in:
•
•
•
•
•
•

Hydrology
Stream hydraulics
Morphology
Factors such as sediment transport and storage
Alterations to the biological community
Impervious cover
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Management Measure 6: Eroding Streambanks and Shorelines
Management Measure 6
1) Where streambank or shoreline erosion is a nonpoint source (NPS) pollution
problem, streambanks and shorelines should be stabilized. Vegetative methods are
strongly preferred unless structural methods are more effective, considering the
severity of stream flow discharge, wave and wind erosion, and offshore
bathymetry, and the potential adverse impact on other streambanks, shorelines,
and offshore areas.
2) Protect streambank and shoreline features with the potential to reduce NPS
pollution.
3) Protect streambanks and shorelines from erosion due to uses of either the
shorelands or adjacent surface waters.
Typically, several streambank and shoreline stabilization techniques may be used to effectively
control erosion wherever it is a source of nonpoint pollution. Often a combination of techniques
may be necessary to effectively control conditions that are causing the increased erosion.
Techniques involving marsh creation and vegetative bank stabilization (“soil bioengineering”)
will usually be effective at sites with limited exposure to strong currents or wind-generated
waves. In cases with increased erosional forces, an integrated approach that employs the use of
structural systems in combination with soil bioengineering techniques can be utilized. The use of
harder, more structural approaches, including beach nourishment and coastal or riparian
structures, may need to be considered in areas facing severe water velocities or wave energy. In
addition to controlling the sources of sediment contributed to surface waters, which are causing
nonpoint source (NPS) pollution, these techniques can halt the destruction of wetlands and
riparian areas located along the shoreline. Once affected streambanks and shorelines are
protected, they can serve as a filter for surface water runoff from upland areas, or as a temporary
sink for nutrients, contaminants, or sediment already present as NPS pollution in surface waters.
Stabilization practices involving vegetation or engineering structures should be properly
designed and installed. These techniques should be applied only when there will be no adverse
effects to aquatic or riparian habitat, or to the stability of adjacent shorelines. In addition to
activities that are applied directly to an eroding streambank or shoreline, there may be
opportunities to promote institutional measures that establish minimum setback requirements or
a buffer zone to reduce concentrated flows and promote infiltration of surface water runoff in
areas adjacent to the shoreline.
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Stream-friendly Project Tips
Before Construction
Involve your neighbors to increase project success
Get the necessary permits
Flag and avoid disturbing wetlands
Preserve existing native trees and shrubs
Cut trees and shrubs rather than ripping them out of the ground (many may resprout)
Make a plan to replant disturbed areas and use native plants
Install sediment-control practices (e.g., coffer dams)
During Construction
Stockpile fertile topsoil for later use for plants
Use hand equipment rather than heavy equipment
If using heavy equipment, use wide-tracks or rubberized tires
Work from the streambank, preferably on the higher, non-wetland side
Avoid instream work except as authorized by your local fishery and wildlife authority
Stay 100 feet away from water when refueling or adding oil
Avoid using wood treated with creosote or copper compounds
After Construction
Keep out people and livestock during plant establishment
Check project after high flows
Water plants during droughts
Control grass until trees and shrubs overtop grass, usually two to three years
Source: SWCD. No date. Protecting Streambanks from Erosion: Tips for Small Acreages in Oregon.
Washington County Soil and Water Conservation District and the Small Acreage Steering Committee,
Oregon Association of Conservation Districts. http://www.or.nrcs.usda.gov/news/factsheets/fs4.pdf.
Accessed June 2003.

Initially project planners can consider whether a complete removal or reversal of the causative
effects is possible. For example, when evaluating restoration sites affected by upstream armoring
and urbanization, rather than adding armoring to the downstream site that is eroding, the
planning team may consider whether changes to operations up stream can be made. Next,
activities to improve existing erosion damage may be examined. The alteration of operation
approaches in combination with management and restoration efforts can reduce future impacts.
Similarly, removal of channelization structures may allow for a
greater recovery of the integrity of a stream corridor. If
A glossary of stream
restoration terms is available
feasible, the objective of a restoration design should be to
from U.S. Army Corps of
eliminate or moderate disruptive influences to allow for
Engineers’ Ecosystem
equilibrium (NRC, 1992). If this is not possible, restoration
Management and Restoration
may have limited effectiveness in the long term or may require
Research Program at
a closer look at an entire watershed to determine alternate
http://el.erdc.usace.army.mil/
elpubs/pdf/sr01.pdf.
restoration activities. See Chapter 6 for additional information
on watershed planning and restoration information.
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This management measure was selected for the following reasons:
•
•
•

Many anthropogenic activities can destabilize streambanks and shorelines, resulting in
erosion that contributes significant amounts of NPS pollution in surface waters.
The loss of coastal land and streambanks due to shoreline and streambank erosion results
in reduction of riparian areas and wetlands that have NPS pollution abatement potential.
A variety of activities related to use of shorelands or adjacent surface waters can result in
erosion of land along coastal bays or estuaries and loss of land along rivers and streams.

Preservation and protection of shorelines and streambanks can be accomplished through many
approaches, but preference in this guidance is for vegetative practices, such as soil
bioengineering and marsh creation, where their use is appropriate.

Management Practices for Management Measure 6
The management measure generally will be implemented by applying one or more management
practices appropriate to the source, location, and climate. A variety of vegetative and structural
practices are presented and are examples of activities that can be used as a single practice or in
combination with other practices to achieve the desired project goals. An example of a source of
information is the USACE publication Stream Management (Fischenich and Allen, 2000), which
provides a good summary of vegetative and structural practices as well as a comprehensive
review of processes related to stream and streambank erosion. The document also presents a
thorough overview of planning activities for approaching streambank erosion issues.
The types of practices that can be used to accomplish the elements of Management Measure 6,
including the following groups of practices:
•
•
•
•

Vegetative practices
Structural practices
Integrated systems
Planning and regulatory approaches

Vegetative Practices
Vegetative practices have a long history of use in Europe for streambank and shoreline
protection and for slope stabilization. Prior to the 1980s, they have been practiced in the United
States only to a limited extent, primarily because other engineering options, such as the use of
riprap, have been more commonly accepted practices (Allen and Klimas, 1986). The use of
vegetative streambank and shoreline stabilization practices have become more common in the
United States over the past several decades as their implementation has shown to be physically
and ecologically successful. Economically, less costly alternatives of stabilization, such as
vegetative practices, are being pursued as alternatives to engineering structures for controlling
erosion of streambanks and shorelines.
Vegetative practices, sometimes referred to as soil bioengineering, refer to the installation of
plant materials as a main structural component in controlling problems of land instability where
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erosion and sedimentation are occurring (USDA-NRCS, 1992). Vegetative practices can be
defined as, “the use of live and dead plant materials, in combination with natural and synthetic
support materials, for slope stabilization, erosion reduction, and vegetative establishment”
(FISRWG, 1998).
Basic principles of soil bioengineering include the following (USDA-NRCS, 1992):
•

•
•
•
•
•

Fit the soil bioengineering system to the site
o Topography and exposure (e.g., note the degree of slope, presence of moisture)
o Geology and soils (e.g., determine soil depth and type)
o Hydrology (e.g., calculate peak flows in the project area)
Retain existing vegetation whenever possible
Limit removal of vegetation
Stockpile and protect topsoil
Protect areas exposed during construction
Divert, drain, or store excess water

Additionally, vegetative approaches have the advantage of providing food, cover, and instream
and riparian habitat for fish and wildlife and result in a more aesthetically appealing environment
than traditional engineering approaches (Allen and Klimas, 1986). Many planners of vegetative
practices try to utilize native plants and materials that can be obtained from local stands of
species. These plants are already well adapted to the climate and soil conditions of the area and
thus have an increased chance of becoming established and surviving. The use of locally
available plants also cuts the costs of a restoration project (Gray and Sotir, 1996). Vegetative
systems that use locally available plants have the added advantage of blending in with natural
vegetation over time.
Additional benefits of using bioengineering methods include (USEPA, 2003c):
•
•
•
•
•

Designed to be low maintenance or maintenance-free in the long run
Enhance habitat not only by providing food and cover sources, but by serving as a
temperature control for aquatic and terrestrial animals
If successful, can stabilize slopes effectively in a short period of time (e.g., one growing
season)
Self-repairing after establishment
Filter overland runoff, increase infiltration, and attenuate flood peaks

The limitations of vegetative practices include the need for skilled laborers and the difficulty of
locating plant materials, particularly during the dormant season, which is the optimal time for
installation. To properly establish a soil bioengineering planting, orientation, on-site training, and
careful supervision of the labor crews are required. Another limitation, which is avoidable, is that
projects that promote the growth of thick vegetation may increase roughness values or increase
friction and raise floodwater elevations. This should be taken into consideration during the
planning stages of a project and prevented.
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Additional information about soil bioengineering principles is available from the Engineering
Field Handbook, Chapter 18 (USDA-NRCS, 1992). 1 Local agencies, such as the USDA Natural
Resources Conservation Service (NRCS) and the Cooperative Extension Service, can be useful
sources of information on appropriate native plant species to consider in bioengineering projects.
The USDA Forest Service has published A Soil Bioengineering Guide for Streambank and
Lakeshore Stabilization, 2 which provides information on how to successfully plan and
implement a soil bioengineering project, including the application of soil bioengineering
techniques. The guide also provides specific tips for using soil bioengineering techniques
successfully.
Specific vegetative practices include (USDA-NRCS, 1992):
•
•
•
•
•
•
•
•
•
•

Branch packing
Brush layering
Brush mattressing
Coconut fiber roll
Dormant post plantings
Live fascines
Live staking
Marsh creation and restoration
Tree revetments
Vegetated buffers

Refer to Chapter 7 for additional information about the above practices. The Additional
Resources section provides a number of sources for obtaining information about the
effectiveness, limitations, and cost estimates for these practices.

Structural Approaches
Soil bioengineering alone is not suitable in all instances. When considering an approach to
streambank or shoreline stabilization, it is important to take several factors into account. For
example, it is inappropriate to stabilize slopes with vegetative systems in areas that would not
support plant growth, such as those areas with soils that are toxic to plants, areas of high water
velocity, or where there is significant wave action (Gray and Sotir, 1996). Shores subject to wave
erosion will usually require structures or beach nourishment to dampen wave or stream flow
energy.
Properly designed and constructed shoreline and streambank erosion control structures are used
in areas where higher water velocity or wave energy make vegetative stabilization and marsh
creation ineffective. In addition to careful consideration of the engineering design, the proper
planning for a shoreline or streambank protection project will include a thorough evaluation of

1

The soil bioengineering chapter of the handbook is available at http://www.info.usda.gov/CED/ftp/CED/EFHCh18.pdf.
2
Available at http://www.fs.fed.us/publications/soil-bio-guide.
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the physical processes causing the erosion. To complete the analysis of physical factors, the
following steps are suggested (Hobbs et al., 1981):
•
•
•
•
•

Determine the limits of the shoreline reach
Determine the rates and patterns of erosion and accretion and the active processes of
erosion within the reach
Determine, within the reach of the sites of erosion-induced sediment supply, the volumes
of that sediment supply available for redistribution within the reach, as well as the
volumes of that sediment supply lost from the reach
Determine the direction of sediment transport and, if possible, estimation of the
magnitude of the gross and net sediment transport rates
Estimate factors such as ground-water seepage or surface water runoff that contribute to
erosion

Some of the most widely accepted alternative engineering practices for streambank or shoreline
erosion control are described below. These practices will have varying levels of effectiveness
depending on the strength of waves, tides, streamflow, or currents at the project site. They will
also have varying degrees of suitability at different sites and may have varying types of
secondary impacts. One important impact that must always be considered is secondary effects,
such as the transfer of wave or streamflow energy, which can cause erosion elsewhere, either
offshore or alongshore. Finding a satisfactory balance between these three factors (effectiveness,
suitability, and secondary impacts) is often the key to a successful streambank or shoreline
erosion control project.
Examples of structural approaches include:
•
•
•
•
•
•
•
•
•
•
•

Beach nourishment
Breakwaters
Bulkheads and seawalls
Check dams
Groins
Levees, setback levees, and floodwalls
Return walls
Revetment
Riprap
Toe protection
Wing deflectors

Refer to Chapter 7 for additional information about the above practices. The Additional
Resources section provides a number of sources for obtaining information about the
effectiveness, limitations, and cost estimates for these practices.

Integrated Systems
The use of structural systems alone may raise concern because these systems lack vegetation,
which can be effective at stabilizing soils in most conditions. Additionally, vegetated systems
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can help to restore damaged habitat along shorelines and streambanks. Integrated systems, which
combine structural systems and vegetation, can be very effective in many settings where
vegetation adds support and habitat to structural systems. An example of an integrated system is
the use of stones for toe protection (structural) and soil bioengineering techniques (vegetative)
for the upper banks of a waterway. Integrated slope protection designs that employ the traditional
structural methods and the soil bioengineering techniques have proven to be more cost effective
than either method independently. Where construction methods are labor-intensive and labor
costs are reasonable, the combination of methods may be especially cost effective (Gray and
Sotir, 1996).
Integrated systems include:
•
•
•
•
•
•
•
•

Bank shaping and planting
Joint planting
Live cribwalls
Riparian improvements
Root wad revetments
Vegetated gabions
Vegetated geogrids
Vegetated reinforced soil slope (VRSS)

Refer to Chapter 7 for additional information regarding the above practices. The Additional
Resources section provides a number of sources for obtaining information about the
effectiveness, limitations, and cost estimates for these practices.

Planning and Regulatory Approaches
In addition to the vegetative, structural, and integrated practices discussed above, another group
of practices that can be used to protect streambanks and shorelines includes planning and
regulatory approaches. The variety of planning activities include practices in waters adjacent to
eroding streambanks and shorelines (e.g., evaluating the erosion potential) and on land areas
adjacent to eroding streambanks and shorelines (e.g., watershed planning processes). There are
also a variety of local policy and regulatory activities that can be used to protect sensitive or
eroding streambanks and shorelines ranging from setback requirements and vegetated buffer
minimum widths to requirements for erosion and sediment control plans for various types of
construction activities. The following are examples (with complete descriptions located in
Chapter 7) of planning and regulatory protection activities that could be used to protect
vulnerable streambanks or shorelines:
•
•
•
•
•

Erosion and sediment control plans
Establishment and protection of stream buffers
Rosgen’s stream classification method
Setbacks
Shoreline sensitivity assessment
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