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DEPARTMENT OF THE ARMY
SEATTLE DISTRICT, CORPS OF ENGINEERS
P.O. BOX 3755
SEATTLE, WASHINGTON 98124-3755

REPLY TO
ATTENTION OF

Regulatory Branch
Dear Reader:

In concert with Washington State and as a member of the Washington State Aquatic Habitat
Guidelines Program Steering Committee, the U.S. Army Corps of Engineers, Seattle District
(Corps) is pleased to present to you the Integrated Streambank Protection Guidelines (ISPG).
The Corps anticipates that the ISPG will be a beneficial tool for both the Corps Regulatory
Branch and the Corps Civil Works Program. The Corps will be using the /SPG in several ways
as described below:

The Corps Regulatory Branch will be using the ISPG as a tool to assist its staff in the review
and evaluation of activities such as stream restoration projects, instream mitigation projects, and
riverine bank stabilization projects.

In addition, /SPG has been included as a “term and condition” by the National Marine
Fisheries Service in the recently issued “Biological Opinion on Corps of Engineers (Regulatory
Branch) Programmatic Consultation for Permit Issuance for Four (4) Categories of Fish Passage
Restoration Activities in Washington State,” dated October 29, 2001. For proposed fish passage
barrier removal projects, unavoidable bank stabilization activities are approved if the proponent
documents the rationale for the design based on the ISPG.

The Corps Civil Works Program sees ISPG as an excellent addition to the selection of tools
used when designing stream restoration, mitigation, and/or bank stabilization activities.
However, the application of these guidelines may not be suitable for all Corps Civil Works
projects; i.e., high-risk projects that protect significant infrastructure. In these situations, ISPG
principles may be considered when practicable for a specific site.

In conclusion, the Corps supports ISPG and future Aquatic Habitat Guidelines as valuable
methods for the State salmon recovery strategy and as an important effort in moving towards
better predictability in decisionmaking for the regulatory arena. For more information on the
Corps role in the Aquatic Habitat Guidelines process, contact Ms. Cindy Barger at
(206) 764-5526. For more information on the Corps application of ZISPG in Civil Works
projects, contact Mr. Michael Scuderi at (206) 764-7205.

Sincerely,

W e
/
Ralph H. Graves

Colonel, Corps of Engineers
District Engineer
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Dear Reader:

We, the chief executive officers of the Washington state departments of Ecology, Fish
and Wildlife, and Transportation, are pleased to present to you the /ntegrated
Streambank Protection Guidelines. The ISPG is the first in a series of Aquatic Habitat
Guidelines (AHG). The AHG provide guidance for an integrated approach to protecting
and restoring marine, freshwater, and riparian habitat. This integrated approach is
necessary to allow consistency in regulatory interpretations, assist with permit
streamlining, and ensure that habitat-related projects are based on best available science.
The ISPG will enable our agencies and the people of Washington to better manage and
care for our aquatic habitats and resources, including our endangered salmon species.
The ISPG was developed using best available science and extensive peer review. For
additional information, please visit the project Web site at
http://www.wa.gov/wdfw/hab/ahg/

In adopting the ISPG, each of our agencies will be using it in various ways, for example:

o At the Department of Ecology, the ISPG will be incorporated into the Shoreline
Management Guidebook to help implement the Shoreline Management.
Additionally, the Aquatic Habitat Guidelines will be incorporated into the state’s
Water Quality Management Plan to Control Nonpoint-Source Pollution.

e At the Department of Fish and Wildlife, the ISPG will serve as a tool to help local
watershed groups, lead entities, and agency biologists plan and implement salmon
recovery projects that are based on good science. ISPG will also serve as best
available science and technical guidance in the review of Hydraulic Project
Approval applications for streambank protection projects.

e At the Department of Transportation, the /SPG will help design and implement
mitigation for streambank effects related to construction and maintenance projects,
and promote and enhance salmon and watershed recovery work as a part of
transportation facility design and construction statewide.

The ISPG is an important part of our state’s salmon recovery strategy. The ISPG and
future releases in the Aquatic Habitat Guidelines series will help us be more efficient
and effective as we work toward a healthy environment, vibrant communities and a
strong economy. The ISPG and future guidelines al il help provide clarity and
predictability in decision-making.

NAA

Tom Fitzsimmons, Director Je oenings, Directo
ept

Dept of Ecology of Fish and Wildlift

Qi 1 ol

Dougles B. MacDonald
Secretary of Transportation
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Preface

Integrated Streambank Protection Guidelines

The Aquatic Habitat Guidelines collection was created by a consortium of public agencies to
assist property owners, planners, designers and regulators protect and restore marine, freshwa-
ter and riparian fish and wildlife habitat. The agencies involved in developing this series include
the Washington Department of Fish and Wildlife, the Washington State Department of Trans-
portation, the Washington Department of Ecology, the U.S. Army Corps of Engineers and the
U.S. Fish and Wildlife Service. The authors of the guidelines are widely recognized experts in
their fields. The content and organization of information is based on a set of guiding principles

developed by professional resource managers, engineers and other practitioners.

These guidelines provide "how to" guidance that, while scientific in approach, can be understood
and used by volunteers, planners, designers and managers of aquatic restoration projects and
facilities. Each guideline is based on current best science and technical practice surveyed in topical
state-of-the-knowledge white papers or a thorough literature search. Their content includes
background science and literature; policy issues; site and vicinity environmental-assessment
processes; project-design processes, standards and details; and case studies. Technical-assistance
materials produced under the Aquatic Habitat Guidelines program include documents in printed,
compact-disc and web-page format, as well as training and outreach workshops. You can obtain
additional copies of this and other available guideline documents, downloadable versions of white

papers, drafts of guidelines in development and other information about the Aquatic Habitat

Guidelines on line by visiting www.wa.gov/wdfw/hab/ahg, or by filling out and mailing or faxing the

registration form found in Appendix A of this guideline.

The overwhelming majority of Washington's fish and wildlife species depend on aquatic and
riparian ecosystems for all or part of their life cycle. This rich and diverse fauna and the flora on
which they depend are irreplaceable elements of Washington's natural resources and are the
basis for much of the state’s cultural heritage, economy and quality of life. Unfortunately, in our
enthusiasm for enjoying and developing land surrounding these aquatic habitats, we have
destroyed, degraded and fragmented many of our most precious marine, freshwater and riparian
ecosystems. Over time, these adverse impacts have resulted in the federal listing of many
marine, freshwater and riparian animal species as “endangered” or “threatened” under the
federal Endangered Species Act, and the state of Washington's wildlife protection legislation. Of

particular note is the listing of several salmon species under the ESA.
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In 1999, Governor Gary Locke and several Washington State agencies adopted a statewide
strategy to protect and restore salmon habitat in the state. At the heart of the strategy is the
hands-on involvement of landowners and other individuals. Incentives and technical assistance in
salmon protection/recovery initiatives are included in the strategy to encourage such participa-
tion. Inthe 1999-2001 biennium, Washington State distributed nearly $50 million to more than
300 salmon protection/recovery projects sponsored by local governments, watershed groups,
County Conservation Districts, Regional Fisheries Enhancement Groups, volunteer groups and
individuals. For such involvement to be effective, there is an urgent need for increased technical
guidance to ensure that these local efforts are strategic in approach, address the source of a
problem and not just the symptoms, make the best use of limited funds and are based on the
best available science that can be consistently and effectively applied across the landscape.

The Aquatic Habitat Guidelines program is designed to help provide this technical assistance.

Each guideline in the Aquatic Habitat Guidelines series is designed in part to provide technical
guidance supporting regulatory streamlining; however; it is important to remember that the
information in these guidelines is not a substitute for the law. Current local and state policies,

rules and regulations supersede any and all recommendations made in these guidelines.

The Aquatic Habitat Guidelines Program was created to:

* address habitat requirements and guide recovery projects for marine, freshwater and
riparian species listed under the federal ESA;

» facilitate consistent application of good science and technical practice for project designs,
construction and operations affecting aquatic systems;

* increase the success rate and enhance the worthwhile expenditure of public funds on
protection and recovery projects;

* streamline and reduce costs for environmental review and permitting for activities that
affect marine, freshwater and riparian ecosystems; and

* provide a single set of benchmarks for evaluating and prioritizing projects affecting aquatic
and riparian habitats.

To carry out such a mission, the program is designed to meet the following objectives:

* make the expertise of professional resource managers available to a wide variety of
organizations and citizens who are seeking assistance in habitat protection and restoration
activities;

* streamline local, state and federal regulatory review of activities involving aquatic environ-
ments by providing guidelines based on best available science;

* provide a scientific basis for any future changes to current local policies or activities associ-
ated with aquatic resource in the state; and

* maintain ongoing reviews and updates to the Aquatic Habitat Guidelines to reflect experi-
ence and emerging science and technical practice.
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GUIDING PRINCIPLES

The Aquatic Habitat Guidelines Guiding Principles summarize current, scientific understanding
about how ecosystems work, and they reflect current resource-agency policy and technical
approaches to protect ecosystem functions. Documenting this scientific and technical under
standing and policy will enable managers and project proponents to assess the effectiveness of
the Aquatic Habitat Guidelines in their efforts to protect and restore salmonid habitats as well
as other aquatic and riparian habitats. As scientific understanding improves through time, these
guidelines will be updated to reflect the evolution of thought.

The guiding principles are organized from general concepts to topical statements. They were
developed by the Aquatic Habitat Guidelines Steering Committee, whose membership includes
the Washington Department of Fish and Wildlife, Washington State Department of Transporta-
tion and the Washington Department Ecology. In addition, Department of Fish and Wildlife
Habitat Program technical staff provided valuable input in their development. Some of the
principles were taken directly or expanded from other planning documents such as the Wild
Salmonid Policy (Washington Department of Fish and Wildlife, 1997), the Statewide Strategy to
Recover Salmon (State of Washington, 1999) and Coastal Salmon Conservation: Working
Guidance for Comprehensive Salmon Restoration Initiatives on the Pacific Coast (National
Marine Fisheries Service, 1996). Links to the websites containing these documents can be found
at “Links and References” on the Washington Department of Fish and Wildlife's website at
www.wa.gov/wdfw/hab/ahg/.

Guiding Principles for General Ecosystem Function:

| Ecological processes create and maintain habitat function. These processes include:

a. Geomorphic processes - the interaction of water, sediment and wood that creates
channel and shoreline structure. Geomorphic processes include bank and bed erosion,
channel migration and evolution, sedimentation, debris influences, erosion, accretion,
sediment transport and fire.

b. Biological processes (e.g, nutrient cycling, species interactions, riparian and upland
vegetation dynamics; and species-mediated, habitat-forming processes such as beaver activity).

Salmon and other aquatic organisms have evolved and adapted to use the habitats created by
these processes. The long-term survival of naturally occurring populations of these species
depends on the continuation of these processes.

2. Ecological processes create and sustain a suite of ecosystem characteristics and functions
that include:

a. ecosystem complexity, diversity and change;
b. ecological connectivity;

c.riparian interactions;

d. floodplain connectivity;

e. species diversity, adaptation and survival;

f. water quality and water quantity;

g. invertebrate production and sustained food-web function.
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3. These characteristics and functions have biological value as well as economic, social, cultural,
educational and recreational values.

4. Because these characteristics and functions vary across and within watersheds, the use of
local watershed information in planning and design will often lead to less risk of adverse
project impacts. Natural processes that are protected and restored will minimize risk and
provide sustainability to ecosystem functions.

This principle is paraphrased from the State of Washington (1999):

a. Maintain and restore the freedom of rivers and streams to move and change, especially
during floods.

b. Allow time for natural regenerative processes to occur and provide recovery of river
and stream integrity.

c. Protect the natural diversity of species and restore the natural diversity of habitats
within river channels and riparian zones.

d. Support and foster habitat connectivity.

e. Tailor actions locally and to the whole watershed in the proper sequence of time and
place. Match the system'’s potential and long-term human commitment to stewardship
of the system.

The principle is also paraphrased from the National Marine Fisheries Service (1996):

a.To ensure no net loss of habitat functions and to enable natural processes to occur
unimpeded, actions should benefit ecological functions. Actions that adversely affect
habitat should be avoided.

b. Maintain habitats required for salmonids during all life stages from embryos and alevins
through adults.

¢. Maintain a well-dispersed network of high-quality refugia to serve as centers of
population expansion.

d. Maintain connectivity between high-quality habitats to allow for reinvasion and
population expansion.

e. Maintain genetic diversity.

General Guiding Principles for Project Planning and Implementation:

I.A holistic approach to project planning employs ecologically relevant units of management,
such as watersheds.

2. Our limited understanding of ecological processes and engineered solutions is addressed by
using the best available science and erring on the side of caution in project management,
design, timing and construction.

3. A holistic approach to project planning recognizes and maintains geomorphic processes
(e.g., channel migration, channel evolution, hydrologic changes, erosion, sedimentation,
accretion and debris influences).

4. Appropriate uses of riparian, shoreline and floodplain systems through responsible land-use
practices can maintain natural processes and avoid cumulative, adverse effects.

5.A holistic approach to compensatory mitigation and restoration is desirable; such an
approach is based on local watershed conditions, and it strives to maintain or restore
historical, ecological functions.
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6. Compensatory mitigation for adverse impacts has risk and uncertainty of success. To
minimize such risk and uncertainty, adverse impacts are first avoided and then minimized.
Unavoidable, adverse impacts are addressed by compensating for losses.

7.Complete compensatory mitigation includes consideration of the project impacts over time
(which usually extends beyond the completion of the project) and across the landscape
(which often extends beyond the boundaries of the project).

8. Appropriate operating and maintenance procedures are necessary to ensure that project
objectives are fulfilled and adverse environmental impacts are minimized.

9. Monitoring and adaptive management are critical components of restoration, mitigation and
management activities.

Guiding Principles for Bank Protection:

|. Natural erosion processes and rates are essential for ecological health of the aquatic system.

2. Human-caused erosion that exceeds natural rates and amounts is usually detrimental to
ecological functions.

3. Natural processes of erosion are expected to occur throughout the channel-migration
zone. Project considerations should include the channel-migration zone and potential
upstream and downstream effects.

4. Preservation of natural channel processes will sustain opportunities for continued habitat
formation and maintenance.

[t is our nature as human beings to live, work and recreate along and adjacent to waterways,
whether freshwater or marine. Our lives and histories are inextricably linked to water. How we
affect those waterways has long-term survival consequences not only for fish and wildlife, but for
humanity. The Aquatic Habitats Guidelines Program is intended to help balance man's need to
protect life and livelihood with the need to protect and restore valuable habitat for fish, for

wildlife and for ourselves.
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stream’s most productive and diverse habitat exists at Within Washington State, between 50 and 90 percent of ri-

the water's edge, where the streambank and water in- parian habitat has been lost or extensively modified by human

tersect. Here, undermined, eroded streambanks, over- activities.! For instance, the lower Puyallup River, like many of our

hanging vegetation, and fallen trees are just a few of major rivers, has been so channelized, dredged and diked that it is

the features that allow a diversity of fish and wildlife little more than a large ditch. And, with habitat-forming processes no

i il ool USRI (Ml CrEnE] longer allowed to occur, fish and wildlife habitat is largely gone. While
The high productivity of this zone is the result of : , , .
, ; many of the major human disruptions to our river channels occurred
continuous change brought about by disturbance - :
. almost a century ago, their impact continues, though on a lower scale.
processes such as flood events. During flood ’ . . . " .
, : , For instance, the practice of using rock (riprap) to stabilize eroding banks
events, the high energy of flowing water against , , , ,
. , for the protection of property continues to this day. Riprap fixes the
the streambank causes erosion. Bank erosion, - , - o ;
! . . . river in place, allowing no bank deformability and, therefore, limiting habitat-
in turn, results in the introduction of trees to

the river; important to the retention of gravels forming processes to occur. Riprap often leads to accelerated erosion

and refuge during high flows; gravels, present in to adjoining lands, continuing the “hardening” of a river's bankline. Natural

thebank ar T [ resource impacts are primarily the result of the accumulated effects of

by salmon for spawning; and erosion introduces many small bank-protection projects.

nutrients to the river that allows biological growth

to occur: Fish and wildlife depend on these pro- S0, what can be done? Is there a way to protect people and prop-
cesses to provide the diversity of habitat required for erty without destroying habitat? Yes, there often is. Indeed, the
their survival. This is a dynamic zone where life is both goal of the Integrated Streambank Protection Guidelines is to
lost and regenerated. Changes in flow, within seasons educate landowners, state and local governments on alterna-
and through the years, bring changes to the physical quali- tive ways to protect property and infrastructure from bank
ties of the river; and the plants and animals that depend on it erosion while allowing for natural, habitat-forming pro-
adapt to and thrive with these changes. cesses to occur. Sometimes the solution will be in the

design of the bank-protection project. Some habitat
The changing dynamics of a river can be thought of as a metaphor impacts cannot be mitigated, so sometimes the best

of the human experience. The wearing away of the old often re- sallutiiem will be 4o meve TiEsiuciue and develk

veals new opportunities for growth and change. Conscious (or sub- opment away from the river.

conscious) recognition of this, in many ways, underlies our desire to

live near waterways. However, productivity of habitat is based on distur- Effective. creative oo = e

bances, such as flooding, that bring dynamic changes to the bankline. De- , ; ;
. . : . : , , sion require a clear understanding of why the
spite their many benefits in creating productive habitat, these disturbances . . ' ™
, . ~ erosion is occurring. Integrating this infor-
have also brought destruction to property and life for those living or work- . . . : . -
) P ™, g mation with habitat considerations, full miti-
ing within a river's floodplain. y , ;
gation requirements, levels and types of risk,

The population living within the Puget Sound basin doubled between the e eCL QR i Rl QS e

mid-1960s and 1999, and it is projected to reach five million by 2020 - a
78-percent increase since 1999." This trend has exacerbated the conflict

most effective way of selecting appropriate,
habitat-friendly streambank-protection treat-
between allowing natural processes to occur; such as flooding and erosion, Ments: lhese guidelines pravideinstructionen
while protecting private property and infrastructure from its damaging how to assess these key factors and how to use
effects. Unfortunately, both nature and people have been the losers in the results from the assessments to select ap-

our efforts to resolve this conflict. propriate streambank-protection solutions.
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Prior to selecting and designing a streambank-protection
project, three key factors must be considered:

|. the reason for the bank erosion;

2. the fish and wildlife habitat characteristics, needs and
potential; and

3.the current and future risks associated with erosion
and bank protection to property, infrastructure, fish
and wildlife habitat, and public safety.

Assessing these factors from the start is crucial to
achieving ecological and structural success in any
streambank-protection project. In the past, fish and

wildlife habitat needs were often ignored in favor of
protecting other floodplain uses. Projects were designed
and constructed without a full understanding of riverine
and erosion processes. This often resulted in moving
erosion problems downstream or upstream and failure to
mitigate for the associated ecological impacts. These
guidelines will help the reader to assess these factors,
develop project objectives and identify design criteria.
Detailed design information, for streambank-protection
techniques, is also provided.

A graphic representation of the integrated streambank-
protection process is shown in Figure |-,

INTEGRATED STREAMBANK

PROTECTION PROCESS

PROJECT
OBJECTIVE

SITE RISK
ASSESSMENT ASSESSMENT
r 1 "
REACH ) HABITAT
ASSESSMENT ASSESSMENT ASSESSMENT

DESIGN
CONSIDERATION

i

SELECTION
PROCESS

MITIGATION

Figure I-1. Integrated streambank-protection process.
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Mitigation is a crucial component in the selection of
streambank-protection treatments. Techniques must first
be selected that avoid impacts to habitat. Only after
exhausting the practicality of applying techniques that
avoid impacts can other techniques that may impact
habitat be selected. Those techniques that do have

impacts must be mitigated.

These guidelines are based on ecological health and
guiding principles as described in the Introduction. In
1996, ).R Karr? defined ecological health as:

“An ecosystem is healthy when it performs all of its
functions normally and properly; it is resilient, able to
recover from many stresses, and requires minimal outside
care. Ecological health describes the goal for conditions
at a site that is managed or otherwise intensively used.
Healthy use of a site should not degrade it for future use,
or degrade areas beyond the site.”

PROJECT OBJECTIVES AND DESIGN CRITERIA
Addressing a streambank-erosion problem begins with
identifying the objectives of the project. The objectives of
the project provide the foundation for selecting tech-
niques and establishing design criteria. Objectives are
typically stated in somewhat general or qualitative terms.
For example, objectives may be stated as “preventing
further erosion of the river along the highway" or
“stabilizing the streambank to reduce loss of cropland.” In
fact, for each project there are usually a number of
objectives with differing levels of priority. For example, in
addition to the two objectives just identified, there may
also be objectives such as “maintaining the aesthetic
qualities of a streambank environment” or “maintaining or

enhancing ecological values of the reach.”

The objectives of the project provide the
foundation for selecting techniques and
establishing design criteria.

Chapter 4, Considerations for a Solution includes a discus-
sion of how to develop and use project objectives and
design criteria in the streambank-protection selection and
design process.

SITE AND REACH ASSESSMENT

|dentifying suitable streambank-protection alternatives
begins with an understanding of the specific “mechanisms”
and “causes” of erosion. Correctly identifying the
mechanisms and causes of erosion is critical to selecting
appropriate bank protection solutions.

The “mechanism of failure” is the physical action, or
process, within the bank that results in bank erosion.
There are five mechanisms of failure:

|. toe erosion,

2.scour,

3. mass failure,

4. subsurface entrainment, and

5.avulsion and chute-cutoff potential.

The “cause of erosion” is what activates the mechanism of
failure. There are two types of causes:

. site-based (such as elimination of vegetation at the
site), and

2. reach-based (such as a stream that has been confined
by dikes).

Identifying suitable streambank-protection alternatives begins with an understand-
ing of the specific “mechanisms’ and ‘“‘causes” of erosion.
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Although often difficult to identify, the single cause or
combined causes of erosion, can be determined with
careful evaluation. Often, reach-based causes generate
site-based causes. The mechanisms and causes of
erosion may be natural or triggered by human activities.
The mechanisms of failure and site-based causes of
erosion are described in Chapter 2, Site Assessment.
Reach-based causes of erosion are described in Chapter

3, Reach Assessment.

Site and reach assessments should identify existing habitat
conditions and the habitat potential. During site and
reach assessments, it is important to recognize that
streambank erosion is a natural process essential to
habitat function and its creation. For example, an over-
hanging streambank with exposed plant roots provides
cover habitat. Habitat creation (or, conversely, damage to
habitat) resulting from streambank erosion is a critical

component of site and reach assessments.

During site and reach assessments, it is
important to recognize that streambank
erosion is a natural process essential to
habitat function and its creation.

HABITAT CONSIDERATIONS AND MITIGATION
The first priority of natural resource agencies in reviewing
a streambank project is to avoid habitat impacts. If
damage to habitat cannot be avoided, then mitigation is
required. Direct impacts can be mitigated by restoring the
damaged or lost ecological functions of the stream.
Indirect impacts, such as the future loss of valuable side-
channel habitat, sources of salmon spawning gravel and
large woody debris, arise from streambank-hardening
practices, which prevent the channel from migrating
laterally? A streambank-protection project situated on a
previously undisturbed river reach can be problematic,
because it can easily cause the need for more
streambank-protection projects elsewhere along the river,
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increasing the chances of further damage to habitat. By
recognizing the long- and short-term effects of indirect
impacts to the reach, mitigation can be incorporated into

the design of the project, either on-site or off-site.

If damage to habitat cannot be avoided,
then mitigation is required.

Chapter 4 provides an explanation of various habitat
characteristics and how they might be affected by
streambank-protection projects. Mitigation, as it relates to
streambank-protection projects, is also described. The
determination of habitat-mitigation requirements may
vary among projects depending upon regulatory jurisdic-
tion of a site and whether species listed under the
Endangered Species Act might be affected. The tools
provided here are, therefore, general and are intended to
assist the designer regardless of the policy and actual
mitigation requirement applied. These guidelines support
and provide technical guidance for existing regulations and
policies in Washington State. While the guidelines help to
identify the most appropriate design, it's important to
remember that, even with the best science and best
project and mitigation design, a project may have habitat
impacts that cannot be mitigated.

RISK ASSESSMENT

All streambank-protection projects contain some level of
risk. For example, a streambank-protection project may
be effective at lower flows, but may fail as a result of a
larger flood. Likewise, fish-cover habitat along an undercut,
vegetated streambank may be at risk by the placement of
certain streambank-protection techniques.*



Throughout the design process, it is important to under
stand and evaluate the many types and levels of risk
associated with a streambank-protection project. A risk
assessment considers both the risks associated with
continued streambank erosion and those of the proposed
project with respect to property, habitat and public safety.
A more detailed discussion of risk can be found in
Chapter 4.

Throughout the design process, it is im-
portant to understand and evaluate the
many types and levels of risk associated
with a streambank-protection project.

SELECTION PROCESS

One of the most important aspects of the design process
is moving from the site and reach assessments to the
selection of an appropriate solution. Selecting appropriate
streambank treatments involves integrating the site and
reach assessments, project objectives, risk, habitat consid-
erations, mitigation, and design considerations. The
selection process is described in Chapter 5, Identify and

Select Solutions.

The three screening matrices provided in Chapter 5 will
assist the reader in selecting streambank-protection

treatments that:

* perform adequately to meet streambank-protection
objectives;

are appropriate with respect to mechanisms of failure
and site- and reach-based causes;

are considered with an understanding of the potential
impacts to habitat caused by each technique; and

are selected in order of priority to first avoid, second
minimize, and third compensate for habitat impacts.

These matrices screen treatments based on:

* site conditions,
* reach conditions, and

* habitat impacts.

Within each matrix, streambank-protection techniques
and their applicability are listed, assisting the reader to
accept or reject a particular technique. With each
subsequent matrix, inappropriate techniques are progres-
sively screened out, leaving a suite of feasible techniques.
Throughout the process of identifying an appropriate
streambank-protection technique, the question should
always be posed whether the best course of action might

be taking no action at all.

Selecting appropriate streambank
treatments involves integrating the site
and reach assessments, project objec-
tives, risk, habitat considerations, miti-
gation, and design considerations.

STREAMBANK-PROTECTION TECHNIQUES
These guidelines provide information about streambank-
protection techniques applicable within the state of
Washington (see Table |-1). In addition to the
streambank-protection techniques, several mitigation
techniques are also provided. For each technique, the

following information is provided:

* description of the technique;

* typical application, variations, emergency, site and
reach limitations;

« effects on geomorphology, habitat and hydraulics;
* design criteria and considerations;

* biological considerations, such as mitigation require-
ments for the technique or mitigation benefits
provided by the technique;

The question should always be posed whether the best course of action might be

taking no action at all.
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Structural Bank- | Biotechnical
Protection

Techniques

Flow-
Redirection

Techniques

Techniques

Groins Anchor points Woody plantings

Buried groins Roughness trees Herbaceous cover

Barbs Riprap Soil reinforcement
Engineered log jams | Log toes Coir logs
Drop structures Rock toes Bank reshaping
Porous weirs Cribwalls

Manufactured-

retention systems

Bank-Protection

Other
Techniques

Avulsion-
Prevention
Techniques

Internal Bank-
Drainage
Techniques

Subsurface Floodplain Channel
drainage systems roughness modification
Floodplain Riparian-buffer

grade control management
Floodplain flow

Spawning-habitat
spreader

restoration

Off-channel
spawning and
rearing habitat

No action

Table [-1. List of streambank protection techniques organized by functional group.

risk (to habitat and adjacent properties, and level of
reliability of the technique);

construction considerations, such as materials
required, timing considerations, cost;

* maintenance needs;

monitoring considerations;

 examples, such as typical drawings, site examples and
photographs; and

references.

CONCLUSION

There are times when streambank protection is necessary
to provide public safety, correct or prevent damage to
property, or even to create fish and wildlife habitat.
However, the impacts of such protection can have
enormous consequence to the health and stability of the
stream. The goal of the Integrated Streambank Protection
Guidelines is to assist individuals, organizations, and state
and local governments with addressing streambank-
erosion concerns through an informed decision-making
process, and protecting the public and property while
avoiding or minimizing damage to fish and wildlife habitat.
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his chapter will help the reader determine and define
site conditions in order to select the most appropriate
streambank-protection techniques. This approach
requires identification and assessment of the mechanism
of the failure, which, in turn, pinpoints the cause of bank
erosion, critical to selecting an appropriate bank-
protection treatment.

There are five main categories of mechanism of failure
to consider:

|. toe erosion,
2. scour,
3. mass failure,
4. subsurface entrainment, and
5. avulsion and chute-cutoff potential.
The causes of erosion can be divided into two groupings:
| site-based, or

2. reach-based (including watersheds).

This approach requires identification and
assessment of the mechanism of the
failure, which, in turn, pinpoints the cause
of bank erosion, critical to selecting an
appropriate bank-protection treatment.

Mechanisms of failure can have both site-based and reach-
based causes. For example, a common mechanism of
failure is toe erosion caused by reduced vegetation along
the bank (a site-based cause) in a reach that is filling with
sediment and debris due to a downstream constriction,
such as a bridge (a reach-based cause). Identifying reach-
based causes typically requires multiple site investigations
as well as broadening the view to a longer reach of the
river. Historically, streambank protection has focused on

napter

Site Assessment

site-specific concerns regarding an unstable bank, while
neglecting reach or watershed-wide instabilities. By
ignoring reach-based causes, streambank-protection
designs can actually cause more damage than good.
Indeed, they can cause additional failures such as channel
flanking, structure undermining, or sediment deposition

and burial of the treatment.

Site-based causes are addressed in this chapter; while reach-
based causes are presented in Chapter 3, Reach Assessment.
Both the site- and reach-based assessments are incorpo-
rated into the selection and design of streambank treat-
ments in Chapter 5, Identify and Select Solutions.

Site- and reach-based causes affect the flow patterns in a
stream, which are quantified using the concepts of “‘shear”
and “scour!” The calculation of shear and scour is site-
specific, although they are influenced by reach-based
causes. Shear and scour calculations can be found in
Appendix E, Hydraulics. The role of shear and scour in
streambank protection technique design is further de-
scribed in Chapter 5. Figure 2-1 depicts the assessment
approach described in this chapter.

Site- and reach-based causes affect the
flow patterns in a stream, which are
quantified using the concepts of ‘“‘shear”
and ‘“‘scour.”’ The calculation of shear and
scour is site-specific, although they are
influenced by reach-based causes.
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Mechanisms and Site-based

Causes of Failure

Mass Failure Scour

Toe Erosion

Avulsion/Chute-Cutoff
Potential

Subsurface
| Entrainment |

Saturated Soils — Reduced Vegetative Floodplain Groundwater
Increased Surchange Structure Activities Seepage
Loss of Root Structure — Smoothed Channel Natural Rapid
Removal of Lateral — Along a Bend Conditions Drawdown
Underlying Support
| | I |
Constriction Drop/Weir
I Local Scour I | Scour | | Jet Scour | Scour
I: Obstruction Bridge Crossing Lateral Bar Culvert
Tailout or Existing Bank Side Channel Spillways
Backwater Bar Feature Tributary Natural Drops
Large Woody Abrupt Channel
Debris Jam Bend (energy sink)

Subchannel in
Braided Channel

Figure 2-1. Site-assessment approach.

MECHANISMS OF FAILURE
AND SITE-BASED CAUSES

A mechanism of failure is the physical process of erosion,
which can be thought of as the problem you see on site.
Observing the condition of the eroding streambank leads
to identifying the mechanism of failure. Is the erosion
occurring on one streambank, or on both banks simulta-
neously? Is the streambank eroding from the toe, causing
larger blocks of material above the toe to fall into the
river? s there an obstruction in the channel? Is the
erosion attacking the streambanks or is it also deepening
the channel? Is the bed of the channel rising from a
buildup of sediment? Does there appear to be a gradual
shift toward the use of a secondary channel; are channels
newly abandoned, or are scars forming where the channel
used to go? Determining the mechanism of failure is
accomplished by observing and evaluating on-site
conditions such as: geologic elements and topography; soil
types and horizons; flow patterns and degree of erosional
force; vegetative growth, root depth and strength;
streambank geometry; and sediment load.

Chapter 2

A mechanism of failure is the physical
process of erosion,which can be thought
of as the problem you see on site.

The mechanism of failure may be due to either site-based
or reach-based causes, or both. An example of a site-
based cause of streambank erosion would be an obstruc-
tion in a stream (e.g, woody debris or an old car) causing
localized changes to flow patterns that erode the adjacent
streambank (local scour). Or; bank erosion could be due
to a reach-based cause such as the migration of a channel
bend or channel degradation. Sometimes, reach-based
causes for failure contribute to site-based causes (and vice
versa), so it's important to be alert to both possibilities,

even when a particular cause seems obvious.



Identifying the mechanisms of failure and their causes

typically occurs concurrently. Treating the mechanism of

failure on site without identifying the underlying cause(s) is

like taking an aspirin for a broken leg without examining

the injury itself- you may be treating the symptoms, but

you're not solving the problem. Table 2-1 lists mechanisms

of failure, site-based causes, reach-based causes and

habitat considerations.

The physical process of erosion for most mechanisms of

failure is called “entrainment.” Entrainment is primarily a

Mechanism of Failure

Toe erosion

Possible Site-Based
Causes

Reduced vegetative bank
structure from land-clearing
activities

Smoothed channel

Along a bend (bend scour)

_.
-——

surface-erosion concern that can be quantitatively

analyzed by using the concepts of shear and scour. This

effort will contribute valuable information to the design of

a successful streambank-protection project. Entrainment

occurs as water flow picks up particles from:

* the entire streambank face or toe,

¢ the bed of the stream,

* a floodplain (causing rills and gullies), or

* subsurface flows seeping out of the bank (a phenom-
enon known as “piping”).

Possible Reach-Based Habitat Considerations
Causes (Chapter 3)

Meander migration
Aggradation
Degradation

Removal of large trees limits
stream-side cover and riparian
benefits (food source, shade,
nutrients, woody debris, wildlife).

Smoothing a channel limits

diversity and complexity, pools,

S atl)wning habitat, and woody
ebris.

Erosion along a bend or
adjacent to a mid-channel bar
creates deep pools and
overhanging streambanks for
cover.

Local Scour

Obstruction
Tailout or Backwater Bar

Not applicable

Constriction Scour

Bridge Crossing
Existing streambank feature

Large woody debris jam

Not applicable

Drop/Weir Scour

Weir, ledge or sill

Not applicable

Jet Scour

Lateral bar
Sidechannel or tributary

Abrupt channel bend (energy
sink)

Subchannels in a braided
channel

Not applicable

Scour creates deep pools and
overhanging streambanks that
fish use for cover.

Scoured sediments deposited
downstream from scour hole
may create (or smother
existing) spawning habitat.

Mass Failure

Saturated soils
Increased surcharge
Lack of root structure

Removal of lateral/underlying
support

Meander migration
Aggradation
Degradation

Increased sediment load may fill
Eogls or smother spawning
eds.

May serve as source of
spawning substrate.

Subsurface Entrainment

Groundwater seepage

Rapid drawdown

Not applicable

Subsurface flows important for
maintaining floodplain
connectivity, base flows and
temperature.

Avulsion/Chute Cutoff
Potential

Floodplain activities, natural
conditions

Aggradation, channel relocation,
downstream constriction,
braided channel, large storm
event

Removal of riparian corridor
limits stream-side cover.

Table 2-1. Mechanisms of failure, site- and reach-based causes, and habitat considerations.
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It is important to identify subsurface flows on site as a
separate category of entrainment because they require

special methods for streambank protection treatment.

Flood events with return intervals greater than 10 years
typically cause erosion, and the influence of these events
on fish habitat is often overlooked. These events accumu-
late large woody debris, create scour pools, sort stre-
ambed gravel and reorganize habitat components into
more complex conditions. The erosion imposed on
channel margins through accumulation of woody debris

provides channel stability and rejuvenates habitat.

In general, habitat that is reorganized annually or semi-
annually fails to provide stable conditions sufficient to
support fish and other organisms that have life histories of
two to five years.® Habitat reorganized at a 10-year
interval frequency, however, will likely provide each
generation with a period of relative stability for growth,
reproduction and recovery while also ensuring that
natural processes sufficiently rejuvenate habitat conditions.
Channel conditions that change frequently under short-
return-interval floods are less beneficial to aquatic habitat

than conditions that deform less frequently.

The physical process of erosion for most mechanisms of failure is called ‘““entrainment.”
Entrainment is primarily a surface-erosion concern that can be quantitatively analyzed
by using the concepts of shear and scour. This effort will contribute valuable information
to the design of a successful streambank-protection project.

Evaluation of stream channels to determine the frequency
and magnitude of channel adjustment should be part of
any investigation into the causes of streambank erosion.
Fish and other aquatic organisms have evolved specific
behavioral, physiological and life-cycle adaptations for
coping with physical conditions, periodic disturbance, as
well as natural processes that occasionally modify and
reorganize aquatic habitat. Flow events that cause
extensive and widespread reorganization and redistribu-
tion of streambed materials, although critical in forming
suitable habitats for fish and other aquatic organisms, are
catastrophic for most stream benthic communities'? and
often affect survival of young stream fishes and colonizing

macroinvertebrates.*

Recovery from these events may take up to several
decades, depending upon the magnitude and intensity of
the event, although in many cases fish communities are
reported to recover in less than ten years® Consequently,
it is important that habitat be designed in a manner that
replicates the frequency and magnitude of natural
processes found in the stream being studied. Under too
frequent or too intense of a habitat afteration regime, aquatic
organisms will be adversely affected, and the suitability of

available habitat for individual species will be diminished.®
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Each of the five types of mechanisms of failure are

described as follows:

Toe Erosion

Toe erosion occurs where water flow removes particles
from the streambank and/or bed, undermines the toe and
causes subsequent gravity collapse or sliding of overlying
layers. In actuality, the term “toe erosion” is not entirely
accurate, since the undermining may occur above the toe,
depending upon site conditions. However, for the sake of
simplicity, these guidelines will use the term toe erosion
for all incidents of bank undermining and collapse due to

water flow.

Toe erosion occurs either along a meander bend or a
straight reach of channel. There are several site-based causes
of toe erosion. Site-based causes of toe erosion include:

* Reduced vegetative bank structure: This is a distur-
bance of woody vegetation along the streambank and
in the riparian area affecting the stability of the
streambank in resisting erosion (see Figure 2-2). Plant
roots on a streambank slope bind the soil together in
a vertical and horizontal monolithic mass. The roots
penetrate through the soil into firmer strata, thus
anchoring the soil to the slope.? Disturbance of the
woody vegetation is a common cause of streambank



—
erosion'® and is often directly associated with either length and decreasing its slope, or by degrading the
urban development or agricultural management. It channel bed (see Chapter 3). These adjustments
also occurs indirectly when there is a net lowering of trigger streambank erosion. To protect a streambank in
the channel over time (a degrading channel). A a smoothed channel, it is best to add the roughness
degrading channel may lower the groundwater table elements that were originally lost. Never add smooth
below the root zone, desiccating the streambank, structures, such as rock revetments to a smoothed
which, in turn, impairs the survival rate of the channel. Doing so will further exacerbate the problem.

vegetation. Degradation is a reach-based process and
is discussed further in Chapter 3.

Toe erosion occurs where water flow
removes particles from the streambank
and/or bed, undermines the toe and
causes subsequent gravity collapse or
sliding of overlying layers.

Figure 2-3. Smoothed channel.

Overhanging bank
* Along a bend: When flow moves along a bend, the

‘\ thalweg (the deepest part of the streambed) shifts to
\ the outer corner of the channel and pronounced
\ bend scour occurs at the bend location. Bend scour

: results from spiraling flow patterns found in the

| meander bend of a stream (see page 2-18 for a
bosition ! discussion on spiraling flow). Sharper meander bends
~ ! Initial bank generate deeper scour than gentle bends. Figure 2-4
e shows the cross section of a channel in a straight
reach and a bend. Note that the center of erosive
force shifts from the bed of the channel to the outer
corner of the channel. The maximum shear stress
acting in a bend can be two or more times as high as
the shear stress acting on the bed."" Therefore, when
working along a bend, erosive force of the stream
should be taken into account in selecting and
designing a streambank treatment.

Eroded bank

Figure 2-2. Toe erosion.

* Smoothed channel: This is a channel in which rough-
ness elements have been removed, creating a channel
with a reduced resistance to flow. Smoothed channels
occur where woody debris has been removed, the
channel has been dredged, or the streambank has
been hardened (see Figure 2- 3). Once a channel is
smoothed, it will have excess energy that is dissipated
on the streambed and banks. The channel will adjust
itself to dissipate this energy by increasing its channel

When flow moves along a bend, the thalweg (the deepest part of the streambed)
shifts to the outer corner of the channel and pronounced bend scour occurs at the
bend location.
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Typical cross section in bend

Figure 2-4. Typical channel cross sections in a straight reach and a bend.

* Figure 2-5 contains a chart used to estimate the
increased shear found in a bend, based on the radius
of the bend and the width of the river. The method
for calculating shear in a bend is to take the bed
shear stress and multiply it by the bend factor. It
becomes a judgment call based on the shape of the
bend and how far up the streambank this maximum
erosive force is acting. Each project and site will be
different, but the designer will need to ensure that
even the least erosion-resistant material used for
streambank protection can withstand forces expected
in the bend at the elevation of concern.

* Determining where the higher shear stress in a bend
begins and ends, or where abrupt changes in the
channel create higher shear stress longitudinally, can
be identified by:

* on-site observation of eroded points up
stream and downstream,

* theoretical book examples (Figure 2-6), or

* reviewing sketches from available studies.

Understanding the greater streambank erosional
forces (shear) in river bends and at concentration
points in the plan view is also helpful in preparing a
streambank design. This information can be applied
to selecting the beginning and end points of treat-
ments along the project reach and selecting the point
at which treatments can transition from more
rigorous to less rigorous (or vice versa). A more
detailed discussion about shear can be found
beginning on page 2-16.
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| | Kp= Bend correction factor \
R, = Radius of curvature \
| | B = Channel width
Td = Bed Shear stress in a straight reach
|| Tb = Shear stress in a bend
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B

Figure 2-5. Chart showing increase in shear stress with an

increase in the tightness of a bend.

|:| HIGH SHEAR STRESS ZONE

LEGEND

P.C.- Point of curvature
P.T. - Point of tangency
R - Radius of curve

® -Angle

Figure 2-6. Shear stress distribution in a channel bend.



Scour

Scour is erosion at a specific location that is greater than
erosion found at other nearby locations of the stream bed
or bank. Scour can occur on both the channel bank and
bed. Simons and Senturck'? state that scour is “localized,
as opposed to general bed degradation.” For the pur
poses of these guidelines, there are four different kinds of

scour to consider:
I local,
2. constriction,
3. drop/weir, and

4. jet scour.

Scour is an essential contributor to the creation of fish
habitat and its maintenance. Many fish-enhancement
projects promote scour. It is not the extent or magnitude
of the scour that promotes the best habitat, but the
frequency of the scour activity. Sites absent of scour tend
to provide less habitat than areas subject to moderately
frequent scour events, given that intermediate-level
disturbances promote aquatic diversity.'*'* Sites subject
to very frequent scour have less habitat value than areas

subject to moderately frequent scour events.

Scour is erosion at a specific location
that is greater than erosion found at
other nearby locations of the stream
bed or bank.

Some scour will occur whenever abrupt changes in
channel geometry are introduced to a system. Quantita-
tive methods are available to estimate the depth of scour
to be expected from different changes in the flow pattern,
but it is first necessary to identify the type of scour. For
example, the method for estimating constriction scour
depth will not provide a realistic value if the erosion is
produced by local scour. Methods for estimating scour
depth are presented in Appendix E.

—

Local Scour: Local scour appears as discrete and tight
scallops along the bankline, or as depressions in the stream
bed. It is generated by flow patterns that form around an
obstruction in a stream and spill off to either side of the
obstruction, forming a horseshoe-shaped scour pattern in
the streambed (Figure 2-7). When flow in the stream
encounters an obstruction, for example a bridge pier, the
flow direction changes. Instead of moving downstream, it

dives in front of the pier and creates a roller (a secondary

Scour is an essential contributor to the
creation of fish habitat and its
maintenance. Many fish-enhancement
projects promote scour.

flow pattern) that spills off to either side of the obstruction.
The resulting flow acceleration and vortices around the
base of the obstruction results in a higher erosive force
around the pier, which moves more bed sediment, thereby
creating a scour hole." The location around the pier is
being scoured because the bed is eroded deeper at the
pier than the bed of the stream adjacent to it. Scour is the

key to providing excellent cover and holding habitat for fish.

Obstructions can be man-made or natural. Man-made
obstructions include bridge piers or abutments. Natural

obstructions include boulders, small collections of woody

debris or midchannel bars. The extent of local scour

Scour Hole (darker shade = deeper)

Figure 2-7. Local scour at boulder obstruction (plan view).
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depends upon the relative size and location of the
obstruction causing the scour. For example, scour formed
around a single large tree that has fallen into the river will
not extend a significant distance from the tree. As such,
local scour is self-limiting and is generally not a high risk to
streambank stability. When selecting streambank treat-
ments to control or diminish localized scour, caution
needs to be used installing flow realignment techniques
(e.g. groins, barbs) upstream from the scoured
streambank. Though they realign the flow away from the
feature causing the scour, they may redirect the flow to

the opposite streambank and cause erosion.

Midchannel bars can also create scour activity. These bars
form in the wetted perimeter of the channel during high
flow, and they separate the flow into two distinct channels
at lower and moderate flows. Flow forced around a bar
at low and moderate flows is concentrated against the
streambank, increasing bank stress. Scour holes or
trenches develop along the bankline, increasing the
channel’s cross-sectional area while creating spawning and

rearing habitat.'®

Tailout and backwater bars are common types of mid-
channel bars. (see Figure 2-8). Tailout bars typically form
directly downstream from a constriction, causing localized
bed scour: The scoured sediment is transported and
deposited downstream. Backwater bars form directly
upstream from a constriction. As the water backs up at the
constriction, the velocity decreases and sediment is
deposited. Tailout or backwater bar formation is exacer-
bated when the supply of sediment to the site increases. If
the sediment supply is a chronic problem throughout the
reach, it is necessary to understand and deal with both the
constriction and the upstream sediment supply to provide a
long-term solution to the problem (a combination of site-
based and reach-based causes). See Chapter 3 for more

information about aggradation.

Constriction Scour: Constriction scour occurs when
features along the streambank create a narrower channel
than would normally form. Often the constricting feature
is “harder” than the upstream or downstream bank and
can resist the higher erosive forces generated by the
constriction. Bedrock outcrops often form natural

constrictions. The average velocity across the width of the
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Figure 2-8. Tailout and backwater bars.

channel increases, resulting in erosion across the entire
bed of the channel at the constriction. The channel bed at
the constricted section is deeper than channel bed
upstream or downstream (Figure 2-9). Large woody
debris jams or bridge crossings are common examples of
features causing constriction scour: Bank features such as
rocky points or canyon walls, overly narrow, man-made
channel widths (e.g., with groins), or well-established tree
roots on a streambank in smaller channels (sometimes
referred to as “hard points”) can cause constriction scour.

Scour Hole
(darker shade = deeper)

Figure 2-9. Constriction scour (plan view).



Drop/Weir Scour: Drop/weir scour is the result of
water pouring over a raised ledge or a drop, creating a
secondary flow pattern known as a roller. The roller
scours out the bed below the drop (Figure 2-10). Energy-
dissipation pools may result from drop scour: Perched
culverts or culverts under pressure (during a high flow
event), and discharge into a pool from spillways and from
natural drops such as those found in a high-gradient

mountain stream, are all causes of drop scour.

Figure 2-10. Typical drop or weir scour (section view).

Jet Scour: et scour occurs when flow enters the stream
in the same manner as flow ejecting from the nozzle of a
hose. The entering flow could be submerged, or could
impact the water surface from above. The impact force
from the flow results in jet scour on the streambed and/or
bank. Lateral bars, subchannels in a braided or side
channel or tributary, or an abrupt channel bend (energy
sinks) can also create jet scour.

e Lateral bars are mid channel bars that typically
occur directly downstream from a tight bend in the
channel and are positioned diagonally in the channel.
Jet scour forms when flow is redirected by the bar
and focused directly into the adjacent streambank.
(see Figure 2-11) Lateral bars form during bankfull
events and scour occurs during the receding limb of
the hydrograph and also during moderate flows.
These bars are the result of natural channel pro-
cesses or increased sediment supply. The cause of
lateral bar formation should be determined during
the reach assessment. Lateral bars create excellent
spawning, cover and rearing habitat.

* Subchannels in a braided stream channel are another
cause of jet scour. As water flows through these
subchannels during low to moderate flows, the
alignment of the subchannel may aim the flow directly
at a bankline and cause jet scour (see Figure 2-11).

Jet scour caused by
subchannels in a
braided stream

.

* When a high-energy side channel or tributary

discharges into a main channel, the flow can be
focused on the opposing streambank of the main
channel (see Figure 2-12). This cause of jet scour is
considered beneficial because the turbulent water
attracts migrating salmon to their natal spawning
tributaries and side channels.

An energy sink is another cause of jet scour. When
flow piles into the corner of a tight-radius bend, a
scour pool forms (see Figure 2-13). The scour pool is
the energy sink; it dissipates the energy of the entire
momentum of the flow. Adequate volume in the
energy sink should be provided for energy dissipation.
An effective energy sink does not transfer carry-over
energy downstream. Instead, it offers some protec-
tion to downstream banks and channel.

Anchor points are a technique that can be used to
stabilize an energy sink (see Figure 2-7). The use of
anchor points requires an understanding of the
balance between the need to preserve an energy sink
while preventing further erosion. Anchor points are
either natural (e.g, a tree or rock outcropping) or
artificial hard structures (e.g., a rock trench) at the
upstream and downstream end of an energy sink.
They fix the upstream and downstream points of the
sink, so volume cannot be gained by erosion in the

Jet scour caused by

/ lateral gravel bar

Figure 2-11. Jet scour caused by lateral gravel bar

and braided subchannels (plan view).

Chapter 2



upstream and/or downstream directions. By fixing
these points, adequate dissipation volume is achieved
by forcing erosion to occur either laterally or (prefer-
ably) vertically. Vertical erosion of the channel bed
creates a deep pool, dissipating energy and creating
habitat.

Roughness elements are not the solution, as their

scale often eliminates the energy dissipation volume

of the energy sink. Straightening the bankline can

destroy energy sinks. Instead, erosion should be

“ % allowed to continue until the energy sink has evolved
1 scoured to a mature and stable condition.

bankline:

lrury)
Subsurface Entrainment
Subsurface entrainment, or piping, occurs when subsurface
flow picks up soil particles until small tunnels develop (see
Figure 2-14). These tunnels reduce the cohesion of soil
layers, thereby causing slippage and switch ultimately
streambank erosion. Groundwater seepage and water-

level changes, such as rapid draw down, are common

causes of subsurface entrainment.

Figure 2-12. Jet scour caused by tributary discharge.

Scoured bankline:
Jet scour (energy sink)

&\2 Y

4 Scour pool =
energy dissipation

. Orriginal bank line
O Eroded bank line

_— g- = High water mark

Subsurface entrainment, piping
Saturated soil varies with water level

]
N \

Tight-radius —_—— g— - Low water mark
bend

Clay layer

Figure 2-14. Subsurface entrainment, or piping.

Subsurface entrainment, or piping,
occurs when subsurface flow picks up soil
particles until small tunnels develop.

flow

Figure 2-13. Jet scour caused by an energy sink.
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Mass Failure

Mass failure is the downward movement of large and intact
masses of soil and rock.? It occurs when the down-slope
shear stress (weight) exceeds the shear strength (resistance
to weight) of the earth material. Shear stress is the driving
force from gravity and/or loads acting on the slope. Shear
strength is the characteristic of soil, rock and root structure
that resists one unit of material sliding along another. Any
cause that increases the shear stress or conversely de-
creases the shear strength will cause a mass failure. Ninety
five percent of all mass failures are triggered by water

saturating a slide-prone slope."”

Mass failure is the downward move-
ment of large and intact masses of soil
and rock.

When water saturates a slide-prone slope, it contributes
to an increase in shear stress (it adds weight) and/or a
decrease in shear strength (it lubricates). Mass failure

results from a number of causes, including:
* rapid draw-down;

* manipulation of stream flows for storage, flood
control or power;

* tidal effects; or

* seepage from springs and wetlands.

Bank erosion is also governed by other variables such as
topography, geology and vegetation. Furthermore, mass
failure can occur in combination with other mechanisms

of failure, such as toe erosion or subsurface entrainment.

Understanding and identifying mass failure will assist in
selecting appropriate streambank protection techniques.

Mass failures are classified into five main groups:
. falls,
2. topples,
3. slides,
4. spreads, and

5. flows."”

l

The majority of failures in the stream channels of Washing-

ton State are slides. There are two common types of slides:
I rotational, and

2. translational.

Rotational slides have a curved and concave failure plane
(Figure 2-15) and are generally deep-seated. They occur
frequently in slopes ranging from 20 to 40 degrees and in
homogeneous materials.'” Translational slides are shal-
lower than rotational slides and fail along well-defined,
nearly planar surfaces (Figure 2-16). The failure surface is
either soft clay of low strength, a silt layer sandwiched
between two clay layers or bedrock."

o

Failure Plane
(failure plane within deep layer
of homogenous material) |z

Failure Plane
(failure plane at interface with
bedrock, low-strength clay, etc.

Figure 2-16. Transitional slide.
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Slides can occur rapidly or gradually. There are a number of
methods available for predicting the stability (or instability)
of slopes. Visual indicators of slope stability, such as tilted
and bowed trees or scarps, are useful to identify a slide that
has been moving gradually over a number of years. Such
slides may be reactivated by minor disturbances. Other
stability or instability indicators include an over-steepened
slope, removal of vegetation, cracks in the ground surface,

springs and inherently weak soils.

Because mass failure can be deep-seated in the
streambank, surface bank treatments may not solve the
problem. For example, although vegetation is an effective
surface-protection treatment, it cannot address deep-
seated failure because of the limited rooting depth of
plants. Therefore, solutions to mass failure along stream
channels may involve surface bank treatments based on
shear and scour concepts and geotechnical analysis. A
geotechnical analysis identifies the need for interior drains,
penetrating bank reinforcement, development of channel
margins for debris flow chutes, or entire channel reloca-
tion. Streambank instability related to subsurface flows
often requires additional drainage or corrections address-

ing the source of internal flows.

Avulsion and Chute-Cutoff Potential

An avulsion is a significant and abrupt change in channel
alignment resulting in a new channel across the floodplain
(see Figure 2-17). An avulsion is caused by concentrated
overland flow, headcutting and/or scouring a new channel
across the floodplain, leading to a major channel change.
Prior to an avulsion, scour holes, headcuts and rills/gullies
will be apparent in the floodplain. Avulsions occur during
large storm events where there is substantial overland

flow to erode the floodplain.

£/ “\yéi\\l/
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Note: Dashed lines denote channel position after avulsion takes place N
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An avulsion is a significant and abrupt
change in channel alignment resulting
in a new channel across the floodplain.

A chute cutoff is a type of meander cutoff that changes
channel alignment on a smaller scale than an avulsion (see
Figure 2-17). Chute cutoffs occur when the radius of
curvature of a meander becomes so small that the flow
shortcuts across the adjacent bar or floodplain, resulting in
the development of a new meander pattern. Chute
cutoffs may occur frequently in meandering river systems,
and result in minor alterations to channel alignment which,
when considered over time and space, may act to

cumulatively change the overall channel pattern.

Chute cutoffs occur when the radius of
curvature of a meander becomes so
small that the flow shortcuts across the
adjacent bar or floodplain, resulting in the
development of a new meander pattern.

.

Channel after chute cutoff
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Vegetated
floodplain
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Channel after avulsion

Channel before chute cutoff —
\

Figure 2-17. Avulsion and chute cutoff-



Though avulsions and chute cutoffs are natural processes,
human activities are responsible for an increased fre-
quency of their occurrence. Avulsions in particular may
be caused by reach-based activities such as:

* aggradation (increased sediment supply and/or
reduced hydrology),

* a downstream constriction,
* alarge storm event,
* a braided channel, and/or

e channel relocation.

These causes are discussed in Chapter 3.

Floodplain activities may be a site-based cause of an
avulsion. Removal of vegetation on the floodplain and/or in
the riparian buffer reduces the shear strength of the soil
and the roughness provided by vegetation to dissipate flow
and energy. Floodplain mining of gravel is another activity
that increases the risk of an avulsion. Placing roughness
features in the floodplain, such as tree rows and or large,

woody debris, will help dissipate the erosive energy.

Floodplain activities may be a site-based
cause of an avulsion. Removal of
vegetation on the floodplain and/or in the
riparian buffer reduces the shear strength
of the soil and the roughness provided by
vegetation to dissipate flow and energy.

FIELD VISITTO IDENTIFY AND CHARACTERIZE
SITE CONDITIONS

Gathering data helps with analyzing mechanisms and causes
of failure and the selection and design of streambank-
protection techniques. An assessment form or information
checklist can help cue the observer, and sketching the site
conditions will provide geometrical information. Project site
visits may be limited by time and season, available access,
water stage and available equipment.

Characterizing site conditions involves identifying site
conditions, collecting site data, looking for mechanisms of
failure, developing a preliminary list of causes of failure,
and estimating the frequency of erosion. Table 2-2 is a
checklist to assist in site characterization and to ascertain

(or to rule out) the mechanisms and causes of failure.

Photos taken on a site visit should be from several perspec-
tives, and it's a good idea to include objects in the picture
that can be used to demonstrate scale of soils, bed material
and streambank heights. Photos of the project site
boundary can also help when designing transitions between

the existing bankline and proposed streambank treatments.

After a site visit, further understanding of the project can
be developed, incorporating:

 observation notes, sketches, photos and memories to
characterize conditions at the site;

* preliminary identification of mechanism of failure;

* identification of frequency of failure at the site, and
the aquatic habitat implications of this frequency; and

* preliminary identification of site-based causes of failure.

Conducting a reach assessment (see Chapter 3) will
confirm the mechanisms of failure and identify whether
there are any reach-based causes. For example, a site
assessment may identify the mechanism of failure as
erosion occurring at the toe. The site-based causes are
identified as cattle accessing the river, resulting in vegeta-
tion disturbance and breakdown of the streambank. The
frequency of this disturbance is annual; the habitat impact
is deemed chronic. A reach assessment determines the
stream reach is relatively stable and confirms there are no

reach-based causes responsible for the toe erosion.

Conducting a reach assessment will
confirm the mechanisms of failure and
identify whether there are any reach-
based causes.
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Site Characterization Checklist

[d channel geometry: cross section, streambank height, gradient,

pool riffle system.

[ planform: meander bend (how tight?), straight reach, physical

features.
[d over-bank topography.
(1 soils in terrace and bank.

[d bed materials (bed substrate) and armoring (surficial

material).
[d woody debris abundance and location.
[ geologic features.

[ vegetation: species, abundance, location on streambank

(lower vegetative limit).

[ indication of the height of lood waters, or the peak erosive
energy of such high flows; for example, lichen and moss
limits on rocks indicating annual high water mark, debris
collected in bushes indicating the height of a flood, and the
size of cobbles on bars reflecting the maximum flow over

the surface.

[ location and depth of scour holes.

[ flow patterns for existing conditions: flow direction, thalweg,

angle of attack on streambank, impacts of physical features.

[d approximate flow and stage at time of observation (e.g,

during a flood, base flow, at bank-full flow).

[ visualize flow patterns at higher or lower flows (something
that may be difficult for the untrained or inexperienced

observer).

[d sediment transport indicators: bed-load caliber; bar
formation, deposited material in eddies and backwaters,

patterns in deposited sizes on bars.
[ estimate channel roughness values.

[d man-made features impacting flows: bridges, berms,

armored streambanks.
[d evidence of animal impacts.
[ high-water features and ice scars.

[ indicators of historical channel locations in the floodplain:
channel scars or meander traces, exposed man-made

structures, vegetation locations and deposits on terraces.

Table 2-2. Site characterization checklist.

DESIGN CONCEPTS OF SHEAR

After confirmation of mechanism of failure and reach- and/or
site-based causes, the next step is to transition from a qualitative
assessment to a quantitative assessment. The erosive forces
acting on the streambank are quantified by calculating shear
stress and the potential depth of scour (see Appendix E). With
scour we estimate the maximum depth of erosion that can
occur; whereas with shear, we determine the magnitude of the
erosive force. The calculation of both shear and scour are site-
specific, although influenced by reach-based processes.

The shear stress on the streambank provides a measure of the
erosive force that can be compared across different sites.
Permissible velocity, the velocity a streambank can withstand
before erosion occurs, has also been used as a quantitative
measure. An advantage to working with shear, as opposed to
velocity is that it reflects the influences of the velocity and
depth of the flow on erosion. If two channels with similar
geometry, planform and gradient are flowing at the same
velocity, the channel with the greater depth of flow will be
subject to a greater erosive force at the bed and toe. A shear
value will reflect this difference, while permissible velocity will not.

With scour, we estimate the maximum depth of erosion that can occur; whereas
with shear, we determine the magnitude of the erosive force.
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Fish are affected more by velocity than shear, as most fish
do not live at the streambed surface; they seek areas of
low velocity for residing. As shear increases to the point
of moving particles, areas of low velocity diminish and
eventually become areas of particle bombardment. It is
valuable to recognize the role that shear stress distribu-

" As shear increases,

tions have on fish habitat utilization.
fish migrate to areas of lesser velocity or depth to avoid
displacement downstream.!" Thus, fish require habitat
components along the stream channel margins.'” When
evaluating shear stress, consider the need for margin
habitat equivalent in area to that lost to excessive shear.
Refuge habitat is limited during flood events. Fish survival
during high flows is dependent upon the hydraulic

conditions that promote refuge habitat development.

VERTICAL DISTRIBUTION OF SHEAR

When designing streambank treatments, it is important to
analyze both vertical and longitudinal distributions of shear.
Once shear stress on the streambank has been calculated,
this information can help select potentially successful
streambank-protection techniques.

—

Because depth and velocity vary in a channel, the shear
stress acting on a channel bed and banks will also vary. In
1955, EW. Lane?' published the graphical representation
shown in Figure 2-18. The figure shows how shear stress
varies around the perimeter of a channel in a straight reach.
The figure delineates erosive force decreasing higher up the
streambank, which is a reflection of the reduced depth of
flow over the streambank area. The understanding that
shear stress is less at a higher elevation on the streambank
is a key concept for bioengineering because it explains why
it is not always necessary to armor a streambank from top
to bottom. Bank-protection techniques that are less
rigorous can be combined with hard-surface solutions
when appropriate. In other words, riprap is not always

necessary from toe to top of bank.

When designing streambank treat-

ments, it is important to analyze both

vertical and longitudinal distributions

of shear.

Approximately 78% of maximum shear

Not all streambank-protection techniques have clearly
quantified shear ranges, but there is adequate informa-
tion available to assign a general range to many tech-
niques.2® Furthermore, since the erosional shear stress
decreases progressively up a streambank (i.e., there is
less shear higher up a bank), composite streambank
treatments of various resistances can be applied at
appropriate locations upstream on a streambank profile.
Less rigorous techniques could be assigned to the upper
streambanks, with more rigorous techniques applied in
the lower streambanks.

'|4

N

Maximum shear

Figure 2-18. Typical shear-stress distribution in a channel.

Figure 2-18 illustrates why toe erosion is often subjected
to greater forces than higher up the streambank and will
exhibit more erosion. This diagram shows that the
greatest shear on the streambank is approximately 78
percent of the shear acting on the bed, and the maximum
streambank shear occurs up to the lower one-third
elevation of the streambank.'" This distribution of stress is
known for a trapezoidal channel in a straight reach of the
stream. A more recent and similar diagram is shown in
Figure 2-192 The bed shear stress calculations presented
in the can be transformed into the maximum
streambank shear stress (acting approximately one-third of
the distance up the bank) by muttiplying by 0.78.
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Figure 2-19. Shear-stress distribution in a channel, with primary velocities and secondary flow currents.

A geometric change in the channel shape causes a change
in flow patterns, thereby varying the levels of shear stress.
When flow goes around a bend or over an object, it no
longer moves in a consistent pattern directed downstream
in the channel. Flow moving around a bend begins to
rotate sideways to the channel, generating a spiral motion.
Established flow patterns not moving consistently down-
stream are described as secondary currents. In the bend,
flow is moving sideways (spiraling), not moving prominently
downstream. Surprisingly, the velocity of flow in this spiral
motion exceeds the average velocity for flow moving
consistently downstream. Since the flow velocity is higher,
the flow has more erosive force and the capacity to move

more sediment from the bed and banks of the stream.

CONCLUSION

In Chapter 2, we explored the various mechanisms of
failure and their respective site-based causes. In Chapter
3, we'll examine the role that reach-based causes can have
in mechanisms of failure and how they interact with site-

based causes.
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hapter 3 describes reach-based processes that typically
result in bank erosion. It provides guidance on how to
characterize the basic physical conditions of the channel in
order to better identify potential reach-based causes. The
reach-based assessment should be used in tandem with a
site-based assessment, since both may be contributing to
the erosion of the bank. Indeed, without working through
the site-based and reach-based assessment processes
described here and in Chapter 2, Site Assessment, selection
of the most appropriate solutions (as described in
Chapter 5, Identify and Select Solutions) will not likely occur.

A reach assessment attempts to answer the following

five questions:

|. What are the basic physical conditions of the stream
channel?

2. What are the natural and human-induced processes
that are occurring?

3. Do these processes indicate a stable channel?

4. Do these processes indicate an unstable channel? If
so, what is causing the instability?

5. How can the streambank be protected in order to
achieve long-term ecological success?

This chapter is organized by first providing guidance on how

Assess Channel Form

(Physical Conditions) I I

napter

Reach Assessment

to characterize the basic physical conditions of the channel
(see Figure 3-1). With this information, reach-based
processes can be identified. There are two basic categories

of reach-based processes that cause bank erosion:
I. channels in equilibrium (stable), and

2. channels in disequilibrium (unstable).

For each of these categories, there is a range of processes
that may occur (e.g., natural meander migration or
aggradation). Reach-based causes responsible for triggering
each process (e.g, downstream constriction causing
aggradation) are described, in addition to bank-protection
treatment considerations.

Assess Channel Processes
(Dynamic)

_| Cross section |

Equilibrium

Disequilibrium
| ShortTerm / Long Term |
|

—| Profile |

Reach-based Causes

|—| Site-based Assessment (Chapter 2) |

—| Planform |

Sediment, Vegetation, Debris,
_| Alluvial / Nonalluvial |

Bank-Protection Treatment Considerations

Figure 3-1. Reach-assessment approach.
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CHANNEL FORM: BASIC PHYSICAL CONDITIONS
OF THE CHANNEL

The basic physical conditions, or channel form, of a stream
should be characterized in the initial reach assessment in
order to understand the reach-based processes that are
causing bank erosion.  This is essential before selecting
bank-protection techniques. Selecting techniques without

identifying and understanding the reach-based processes

can result in bank-protection techniques that fail to
protect the bank and/or that trigger additional erosion.

A series of eight questions that will help characterize the
physical conditions are described in Figure 3-2. Standard

approaches to quantifying these conditions are presented
in Appendix F, Fluvial Geomorphology.

The basic physical conditions, or channel form, of a stream should be character-
ized in the initial reach assessment in order to understand the reach-based pro-

cesses that are causing bank erosion.

| Is the channel alluvial or nonalluvial? Alluvial channels
transport and deposit their own bank materials. As a
result, they have erodible bank and bed boundaries.
Nonalluvial channels have relatively nonerodible
materials (e.g., bedrock or concrete), limiting erosion
of the bank or bed boundaries.

2. What is the average channel slope? The channel
slope represents the vertical descent of a river over a
given distance, reported as percent (ft/ft) or as feet of
drop per mile (ft/mile) (Figure 3-3).

3.What is the general sediment load? The sediment
load of a stream reflects the size and quantity of
sediment delivered to a given stream reach. Sedi-
ment size is commonly expressed in terms of
gradations of sediment measured, where D equals
the particle size, of which n percent is finer. For
example, D, refers to the particle size, of which 50
percent of the particles sizes are finer Sediment can
be measured either by weight via sieve analysis,' or by
number via pebble count? Sediment quantity is
generally referred to as tons per year of sediment
delivered to (transported by) a reach.

4 What is the shape and size of the channel cross
section? The cross section of a channel can be
expressed in terms of active width and depth,
bankfull width and depth, and floodplain width
(Figure 3-4). A useful parameter in the evaluation
of channel cross section is the determination of

bankfull discharge, which, in equilibrium channels, is
the discharge that just fills the channel to the top of
its banks and at a point where overbank flow begins.

5.What are the planform characteristics of the channel?
Planform refers to the two-dimensional condition of
a river as seen in map or aerial view, which is
generally expressed in terms of pattern, sinuosity
(channel length/valley length), and individual meander
attributes such as amplitude, wavelength and radius of
curvature (Figure 3-5). Channel planform is com-
monly characterized as braided (multi-channeled),
meandering (sinuosity > approximately |.5), or
straight3 Other planform characteristics include the
width of the floodplain. Channels in urban and rural
watersheds are often modified by humans and have a
highly aftered planform.

6.What are the banks composed of? The variability in
bank materials within a reach will affect bank erosion.
Bank materials are often variable both horizontally
and vertically.

/ What is the distribution of vegetation? The distribu-
tion, vigor and types of vegetation on the streambank
can affect rates of channel change and the degree of
channel stability/instability:*

8 What is the distribution and function of large woody
debris! Large woody debris aids in the formation of
pools and riffles, increases sediment storage, and creates
steps in the longitudinal profile of the streambed.

Figure 3-2. Questions to ask when characterizing the physical conditions of a stream reach.
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CHANNEL PROCESS: EQUILIBRIUM AND DIS-
EQUILIBRIUM

Collectively, channel forms describe a wide variety of channel
conditions, ranging from meandering to braided. The next
step in a reach assessment, then, is to determine how these

components collectively reflect channel processes.

A fundamental concept in the assessment of channel
process is geomorphic equilibrium (also referred to as
channel stability). The concept of geomorphic equilibrium
refers to a general condition of “sediment transport
continuity," where the quantity and size of sediment
transported into a reach is approximately equivalent to the
quantity and size of sediment transported out of the reach.
Similarly, the sediment transport energy present within a
reach is in balance with the sediment load. E.W. Lane®
presented this concept graphically (Figure 3-6) as a balance
scale. Tipping the scale in one direction or the other (by
changing either hydrology or sediment inputs) produces an
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Figure 3-6. Conceptual diagram of geomorphic equilibrium.

opposing response. Geomorphic equilibrium exists when
the processes of bank erosion and channel migration occur
gradually. In contrast, rapid bank erosion, driven by changes
in sediment load or hydrology, reflects a state of geomor-
phic disequilibrium, referred to as channel instability.

Identifying the reach-based causes of disequilibrium is critical in
selecting long-term bank-protection solutions. The reach-
based causes are summarized in Figure 3-7. They may
indicate short-term impacts, from which the channel recovers
naturally at a relatively rapid rate (such as following a flood
event), or they may indicate long-term changes that will cause
significant channel adjustments as part of natural recovery (for
example, following dam construction or urbanization).

Geomorphic equilibrium exists when the
processes of bank erosion and channel
migration occur gradually. In contrast,
rapid bank erosion, driven by changes in
sediment load or hydrology, reflects a
state of geomorphic disequilibrium, re-
ferred to as channel instability.
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Table 3.1 shows mechanisms of failure and their possible
reach-based causes. These relationships link the results
from the site-based assessment provided in Chapter 2 to
reach-based processes in this chapter. For example, the
mechanism of failure called toe erosion may be triggered
by site-based causes (e.g., reduced vegetative bank
structure) and/or reach-based causes (meander migration,
aggradation or degradation). Only by doing both a site

and reach assessment can the actual cause(s) be identified.

By answering the following four questions, the reader will
be able to proceed directly to the discussion on identified

reach-based processes:

. Is the channel migrating laterally? If so, at what rates?
Predictable patterns of channel migration, coupled
with a stable bed profile, are typical of stable alluvial
channels. Accelerated migration rates or unusual
erosion patterns reflect channel instability. Channel
migration rates can be estimated from historic aerial
photographs, channel survey data, visual observations,
anecdotal information, and/or from bankline migration
monitoring. Migration rates typically occur during
flood events in excess of a five- to |0-year return
interval. Toe erosion (see Chapter 2) is the mecha-
nism of failure resulting from lateral channel migration.

Only by doing both a site and reach as-
sessment can the actual cause(s) be
identified.

2.1s the channel aggrading? Channel aggradation refers
to the accumulation of sediment within a channel
when the quantity of sediment entering a reach is
more than what is leaving the reach. Aggradation is
determined through repeat surveys, observations of
pool infilling, changing river pattern from single-
thread to multiple-thread, widening and shallowing of
channel cross section, or burial of infrastructure.
Aggradation is discussed in more detail on page 3-13.
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Figure 3-7. Reach-based causes of erosion.

Typical Mechanisms of Failure

Possible Reach-Based Causes

Toe erosion Meander Migration

Neck/Chute cutoff

Mass failure

Toe erosion Aggradation:

Scour: reduced hydrology
constriction increased sediment supply

jet (at a tributary)
Avulsion

confined channel
downstream constriction

Mass failure reduced slope downstream
from a confinement

Toe erosion Degradation:

Mass failure increased hydrology

Drop/weir scour
Subsurface entrainment

reduced sediment supply
shortened channel
natural channel evolution
change in long-term
watershed hydrology

Table 3-1. Reach-based causes and associated mechanisms of failure.
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3.1s the channel degrading! Channel degradation occurs
when the quantity of sediment transported out of a
reach exceeds what is being delivered. Degradation is
recognizable through repeat surveys, observations of
increased bank height (increased vertical bank expo-
sure due to lowered channel), deepening and narrow-
ing of channel cross section, or exposure of infrastruc-
ture foundations. Degradation is discussed in detail on
page 3-14.

4. Has the channel avulsed? Avulsion is a rapid change in
channel location and reflects channel instability in
single-channeled (meandering) and multichanneled
(braided) streams. Channel straightening or relocation,
through constructing dikes or levees are common
causes of channel avulsions. Avulsion is discussed in
more detail on page 3-16.

For detailed information regarding geomorphic principals,
methodologies for quantifying geomorphic assessment, and
typical human impacts and associated physical responses of
channel systems, see Appendix F.

Equilibrium Channels

Equilibrium channels are most commonly located within
undeveloped watersheds, where sediment and flow inputs
remain relatively constant through time. However,
equilibrium can eventually be achieved even in highly
urbanized settings through long-term channel adjustments
to altered watershed conditions” Alluvial channels in
equilibrium can be identified by determining the following
six questions:

|. Does the channel have a historically consistent cross
section shape and size for a given channel slope and
channel feature (pool or riffle)? The cross section size
and shape are maintained in equilibrium channels.

2. Does the channel have a historically consistent profile
and pattern? Consider the human modifications of
the channel as well as the geomorphic adjustments
through time.

3. Does the channel have access to its floodplain, such
that over-bank flows occur during floods to dissipate
excessive flow energy! Alluvial channels that are in
equilibrium will have access to the floodplain during
high flow events.

4. Are there predictable channel patterns, such as pool/
riffle sequences in phase with the general channel
planform? Meandering channels in equilibrium display
features related to the channel planform (e.g, point
bars on the inside and pools on the outside of bends
and riffles at crossings).
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5. Does the channel geometry satisfy established
empirical regression equations developed for similar
streams? Regression equations compare morphologi-
cal relationships in stable-to-potentially-unstable
channels®? (see Appendix F). These empirical
equations reflect channel conditions such as slope,
vegetative vigor or sediment gradations. Their
application should be made cautiously, such that
equations applied are appropriate for the channel.

6.1s there an absence of indicators that the channel is in

disequilibrium? Field indicators of channel disequilib-

rium are discussed in subsequent sections of this

chapter (see page 3-11).
One of the greatest concerns that arise when bank
erosion occurs in equilibrium streams is that the stream
will naturally meander into a migration corridor that
contains man-made infrastructure or agricultural lands. In
such cases, it may be tempting to use rigid bank-protec-
tion techniques in order to protect the property at risk.
However, such an action will modify the stream'’s natural
corridor configuration and may alter meander migration
dynamics to the detriment of other properties (as

discussed in the following section).

Meander Migration: Meander migration occurs in
equilibrium channels. It occurs as water flows through a
channel and develops spiraling flow patterns (see
Chapter 2). These spiraling flows cause bank erosion
along the outer bank (bend scour) and deposition on
the inner bank. As a result, meander migration occurs as
the outer bank erodes and the inner bank accumulates
sediment. The rate of bank erosion is dependent upon

Meander migration occurs as the outer
bank erodes and the inner bank accumu-
lates sediment. The rate of bank erosion
is dependent upon the shear resistance
of the outer bank materials relative to
the shear stress imposed on that bank.




the shear resistance of the outer bank materials relative
to the shear stress imposed on that bank. Bank shear is

a combined function of the flow magnitude and duration, Vegetation increases bank-shear resis-
as well as the shape of the bend and channel cross tance. The ability of vegetation to add
section (see Chapter 2 and Appendix E, Hydraulics). shear resistance and thereby reduce

bank erosion rates depends upon the
Meander migration has three patterns (Figure 3-8)': relationship between the bank height

* meander translation (downstream migration), and vegetative rooting depth'

* meander extension (migration transverse to the
valley axis), and

* meander rotation.

An example of downstream meander migration is shown
in figure 3-9.

Vegetation increases bank-shear resistance. The ability of
vegetation to add shear resistance and thereby reduce bank
erosion rates depends upon the relationship between the
bank height and vegetative rooting depth. Where banks are
low and root densities are high, removing bankline vegeta-
tion will weaken the bank toe and increase erosion.!"  Bank
vegetation disturbance is a common cause of increased
erosion rates and meander migration.
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Figure 3-8. Migration patterns.
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Meander Cutoffs - Chute and Neck Cutoffs:
Meander cutoffs can occur as either chute or neck cutoffs
(Figure 3-10)."° Neck cutoffs occur when two limbs of a
bend meet due to gradual bank erosion and meander
compression. Chute cutoffs occur when a bend in the
stream becomes so tight that it causes sediment and debris
to deposit and creates backwatered flow conditions in the
upstream limb of the bend. The backwatered conditions
increases the frequency of over-bank flows. As the flow
shortcuts across the bar and reenters the channel on the
downstream limb of the bend, erosion and the develop-
ment of a new channel or"‘chute” results. An example of

chute cutoff is shown in figure 3-1 1.

4\

Old
Channel

New
Channel

Y\

Neck Cutoff

Old
Channel

New
Channel

f\\/

Chute Cutoff

Headcut

Figure 3-10. Chute and neck cutoffs.

Treatment Considerations: Channel migration and
erosion patterns need to be considered during the
selection of bank-protection techniques, paying careful
attention to their effects on upstream and downstream
channel dynamics. When short segments of migrating
meanders are prevented from shifting (either by natural
or artificial means), the adjacent, unprotected bankline
may continue to migrate beyond the hard point, distorting
the channel planform and threatening the stability and
performance of the bank protection. It is critical to
consider the appropriate locations and lengths of erosion
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control protection on a migrating meander to ensure
proper performance and to prevent the exacerbation of
adjacent erosion problems.

Meanders tend to migrate downstream. VWhen a mean-
der migrates downstream and encounters rigid bank
protection (or bedrock), the meander extends across the
valley, resulting in a widened migration corridor up-
stream.'? The hardening of the downstream meander
limb also results in meander compression, as the upstream
limb continues to migrate down the valley. The meander
bend will compress until it eventually cuts off and creates
a new channel, resulting in rapid downcutting through the
new channel for significant distances upstream. As other
migrating meander bends downstream reach the same
hard point, the sequence of events repeats, with succes-
sive bends extending, compressing and cutting off, as

Figure 3-11. Chute cutoff, Washington State.

shown in Figures 3-12 and 3-13. "Train wreck” meanders
such as these (so named because the bends compress like
derailed train cars) cause rapid and extensive adjustments
in pattern and profile over an entire reach. In natural
settings, such as at the entrance to a narrow canyon, this
response results in a dynamic and unusually wide

migration corridor.

Construction of rigid bank-protection techniques within the
migration corridor disrupts natural meander migration and
pattems of erosion. This commonly results in the need for
even more bank protection, ultimately creating a rigid
bankline throughout an entire reach. On alluvial channels,
continuously rigid bank protection severely reduces



geomorphic and habitat functions. The allowance of gradual
bankline erosion and meander migration within the natural
migration corridor will provide for geomorphic diversity
and habitat evolution. Erosion also recruits raw substrate
required for the regeneration of riparian vegetation.
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Figure 3-12. Typical meander extension and

compression upstream of a constriction.

The allowance of gradual bankline ero-
sion and meander migration within the
natural migration corridor will provide
for geomorphic diversity and habitat
evolution.

Where gradual erosion is acceptable, but short-term, rapid
erosion is not acceptable, bank-protection techniques may
be appropriate if they allow eventual bank deformability
(Figure 3-14).3 One such technique uses degradable,
erosion-control fabric wrapped around a gravel toe,
overlain by a sloped, planted upper bank (see Chapter 6,
Techniques, called Soil Reinforcement). It is designed to
provide stability during a range of flow events, allowing
upper-bank vegetation to become established prior to
fabric degradation. The selection and design of these
techniques are described in more detail in Chapter 5.

Where gradual erosion is acceptable,
but short-term, rapid erosion is not
acceptable,bank-protection techniques
may be appropriate if they allow even-
tual bank deformability.

Nondeformable techniques, such as buried groins or rock
toes, are best used along or near the edge of (and parallel
to) the migration corridor to allow for natural channel
migration and associated habitat evolution (Figure 3-14).'
Channel stabilization along or near the edge of the
migration corridor is less vulnerable to flanking and failure
than similar treatments applied within the corridor. The
migration corridor concept can be applied proactively,
such that acceptable migration limits can be defined
before addressing specific erosion threats.

Disequilibrium Channels

All streams are subjected to periodic changes. Shifts in
contributing factors such hydrology, sediment load, valley
slope or riparian vegetation collectively control channel
morphology. However, changes do not necessarily result
in channel disequilibrium. The tendency for a channel to
be in disequilibrium depends upon the magnitude of a
natural- or human-caused disturbance relative to the
resilience of the channel. If conditions are such that the
channel is just barely able to stay in its equilibrium state, a
sudden change could be the last straw to throw it into

Figure 3-13. Meander extension and compression,

Teanaway River, Washington State.
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Figure 3-14. Conceptual application of deformable/nondeformable treatments across a migration corridor.

disequilibrium. If conditions are such that the channel is
well within its equilibrium range, it will be more resilient,
more able to accommodate a sudden change without
dramatic shifts in channel shape and dimensions. (See
Appendix F). For example, a slight increase in sediment
load on a meandering stream that is approaching its
geomorphic threshold may be all it takes to force the
stream into a braided condition.' Such a system is prone
to disequilibrium. In contrast, a stream that is already
naturally braided is more resilient; its more dynamic
condition enables it to accommodate and adjust to
constant disturbances without requiring dramatic shifts in
channel shape or dimension. Appendix F provides

detailed information on disequilibrium channels.

With respect to geomorphic disequilibrium, sediment
supply and hydrology must also be considered (see Figure
3-6).'¢ When observing what appears to be a channel
adjustment, it is important to remember that such
adjustments may be in response to a long-term change in
sediment or hydrology or may reflect a recovery from a

short-term disturbance, such as a flood event. Determin-
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ing the magnitude of such disturbances (short-term or
long-term) and the causes of disequilibrium (Figure 3-7) is
essential for selecting the most appropriate bank-protec-

tion solution.

Long-Term Disequilibrium:

Where a channel is subjected to changes in hydrology
and/or sediment inputs, the channel will adjust (see Lane’s
diagram, Figure 3-6). Such adjustment can result in a

significant change in overall stable channel form.

A major river-management challenge is to recognize that a
channel is in disequilibrium, identify the causes, and develop a
strategy that will promote recovery. Where the causes of

disequilibrium are identifiable, a strategy should involve the

Determining the magnitude of such
disturbances (short-term or long-term)
and the causes of disequilibrium is es-
sential for selecting the most appropri-
ate bank-protection solution.




direct treatment of those causes. For example, treatment
may involve removing or redesigning instream structures (e.g,
weir, culvert or dam) that disrupt the natural transport of
sediment, or reconfiguring a channelized stream reach.
Where the causes are untreatable, such as in an urban,
harvested or agricultural watershed, the strategy may involve
creating a new condition of equilibrium. In these systems, an
altered hydrology and sediment load may not support
native-species vegetation or habitat for fish and wildlife. The
ability for native species to adapt to these changes is limited;
and, when those limitations are exceeded, extraordinary
amounts of restoration and continual management will be

required to foster recovery of native vegetation and habitat.

Altered hydrology and/or sediment load can lead to
aggradation, degradation or avulsion. These are the most
common reach-based processes driving bank erosion in a
disequilibrium channel. These processes are triggered by
one or more causes. For example, a downstream constric-
tion (such as an undersized bridge) may cause aggradation,
or shortening a channel may cause degradation.

Figure 3-7 shows the processes and causes of long-term
channel disequilibrium. What follows is a discussion of
each, along with treatments to consider.

Aggradation: A reach aggrades when more sediment is
transported into the reach than out of the reach. Chan-
nel aggradation may occur naturally; or it may be induced
or accelerated by human activities. Where a channel is in
disequilibrium due to an excessive sediment supply of
sediment or reduced flow energy, deposition (aggradation)
occurs.”  Aggradation will continue until the channel
evolves to accommodate changes in sediment supply and
hydrology (see Lane’s diagram Figure 3-6). Localized
aggradation can also occur upstream of woody debris
jams, rock outcroppings or infrastructure elements (e.g,,
culverts and bridges) that create backwater during high
flows. Figure 3-15 shows a severely aggraded stream.

ﬁ

A reach aggrades when more sediment
is transported into the reach than out of
the reach. Channel aggradation may
occur naturally; or it may be induced
or accelerated by human activities.

Figure 3-15. Aggrading Channel, East Fork Grays River, Washington State.

Identifying whether a reach is aggrading can be achieved
by answering the following seven questions:

I. Has the average bed elevation increased through
time? Aggradation is identified by an increase in the
elevation of the channel profile.

2. Has there been a demonstrated loss of channel
asymmetry and associated habitat due to pool in-
filling? Aggrading channels tend to shallow and widen.

3. Has the channel capacity and bankfull discharge been
reduced? Has the frequency of overbank flow
increased? Aggrading channels tend to flood more
frequently than stable channels.

4. Has there been an increase in meander cutoff
frequency? Aggradation increases the frequency of
overbank flows, which increases the chances of more
frequent meander cutoffs.

Altered hydrology and/or sediment load can lead to aggradation, degradation or
avulsion. These are the most common reach-based processes driving bank erosion

in a disequilibrium channel.
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5. Has the channel shifted from a single-thread mean-
dering pattern to a multichanneled, braided pattern?
Braided channels are characteristic of streams with
high sediment loads.

6. Has the channel avulsed (changed course) due to
deposition within the main channel? Do avulsions
commonly occur within the reach? Avulsion, com-
mon in braided channels, also occurs in meandering
channels due to aggradation (see page 3-16).

/. Is human activity or maintenance required to maintain the
desired channel condition? Channels that require human
intervention to prevent changes may be aggrading.

Reach-Based Causes: The most common reach-based causes

of aggradation are:
* Increased sediment supply -

» Upstream bank erosion, mass failures, or scour
can recruit excess sediment into the channel. An
upstream, degrading reach is another source of
excess sediment;

* Sand and gravel stockpiling in the active channel
or floodplain is a source of excess sediment
recruited during flood events; and

* Removal of instream structures, such as dams or
culverts or even collections of large woody
debris, can unleash an accumulation of sediment
stored behind the structures.

Reduced hydrology from upstream flood-control
structures or diversions can decrease flows and the
energy needed to transport sediment.

* A decrease in channel slope corresponds to a
reduction in energy to transport sediment. The flow
of a stream into another body of water, or the abrupt
change in slope as a steep channel emerges into a
valley, creates an alluvial fan or delta.

Localized backwater effects due to constriction points
at bridges, culverts, or natural hard points (e.g,,
bedrock) can reduce the hydraulic energy.

* Channel confinement by dikes or berms limits or
prevents overbank flood flows from depositing
sediment in the alluvial floodplain, resulting in
deposition of sediment in the channel.

A channel will respond to these impacts by making
significant adjustments to restore sediment transport
continuity. These adjustments may include channel
steepening, or changing channel pattern and cross-section
shape. Consequently, natural recovery often results in a
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significant change in channel form. Some alluvial environ-
ments are naturally aggradational, such as alluvial fans,
deltas and tidal environments.'®

Treatment Considerations: Applying bank-protection treat-
ments will not stop aggradation, and risk of flooding along
the floodplain area will continue to exist. Indeed, the risk
of flooding may even increase if the bank protection fails.
Bank-protection treatments may also result in other highly
undesirable impacts such as:

* the burying of bank protection,
* amajor channel shift,

* a change from a single-thread meandering to a braided
channel, or

* the widening and shallowing of the channel cross section.

Instead, reducing the sediment load or increasing the
transport capacity of the reach should be considered. This
can be achieved by adjusting the channel slope and cross-
section (Chapter 5). Identifying and selecting a migration
corridor that extends beyond the current active channel
should also be considered. Broadening the channel's
migration corridor will allow aggradation and recovery to

occur naturally.

Degradation: A reach degrades when energy in the
channel exceeds that which is required to carry the
incoming sediment load (see Lane’s diagram, Figure 3-6). It
appears as a net lowering of the bed elevation over time.
It may occur as a gradual, continual lowering of the entire
profile (in highly erodible materials such as a sand bed
channel) or as episodic lowering and formation of steep
channel segments (nickpoints or headcuts) that migrate
upstream.'® A degrading channel will follow an evolutionary
sequence of down-cutting to a new stable profile, followed
by widening due to the collapse of over-steepened banks.
The widened channel has less flow energy, so deposition
and formation of a new floodplain surface occur. This new
surface is below the elevation of the pre-degraded flood-
plain (Figure 3-16) and the perched, old floodplain becomes

the new terrace (see Appendix F for further discussion).



6. Has there been a loss of root penetration in the
banks? Lowering of the groundwater table below the
root zone will impair the survival of vegetation and
reduce vegetative bank structure.

7. Have there been activities that would result in
degradation? Activities such as upstream
channelization or dam construction are common
causes of degradation.

8. Has the hydrology of the watershed changed?! An
increase in impervious area (such as paved lots) and
changes to the natural drainage system alter the peak
and duration of flows.

Reach-Based Causes: Causes of channel degradation are
Figure 3-16. Degrading channel, Washington State. shown in Figure 3-7 and are related to either a reduction
in sediment supply or an increase in hydrology. The most

common causes of degradation are:

A reach degrades when energy in the
channel exceeds that which is required
to carry the incoming sediment load.

A degrading reach can be identified by answering the
following eight questions:

. Is there evidence of reach-wide down-cutting and
lowering of the channel profile? A continual lowering
of the channel profile is the clearest indicator of
channel degradation.

2. Are headcuts or nickpoints evident in the channel
bed? Headcuts or nickpoints are short, steep channel
segments recognized as small drops or waterfalls or
abnormally over-steepened channel segments.

3. Are banks consistently over-steepened and collapsing?
Degrading channels tend to result in over-steepened
banks that collapse. The erosion results in overall
channel widening, rather than localized erosion on the
outside of bends.

4. Are channel features such as bars and riffles disap-
pearing or becoming coarser! Degrading channels
erode sediment from channel features, such as
spawning riffles, until they disappear. Coarsened
material that is resistant to erosion remains.

5. Has the channel become detached from its flood-
plain? Degradation results in the perching of the
floodplain above the channel bed and water table,
until the floodplain eventually becomes an abandoned
terrace. Side channels also become detached from
the channel, destroying fish passage to side channels.

* Reduced sediment supply -

* Sediment trapped behind instream structures,
such as dams or culverts, limits the sediment
transported downstream;

* Upstream sand and gravel removal will limit
sediment transported downstream;

* Hard bank protection upstream restricts the
natural recruitment of sediment; and

» Capping floodplain sediment sources by impervi-
ous surfaces prevents the natural recruitment of
sediment during flood events.

* Increased hydrology from land use changes such as
past flood hazard management efforts, urbanization,
agricutture and forest practices cause both an increase
in peak flows and frequency and a decrease in runoff
duration.!” Changes in long-term watershed hydrology
(magnitude and duration) from climatic and/or
geologic events may also cause an increased hydrology.

A channel that has been artificially shortened and
straightened will have excess energy, since planform
roughness has been eliminated and length has been
shortened, which steepens the grade. A channel in
this condition will attempt to regain a natural pattern
(e.g., increase length and decrease slope) through
erosion of the banks and bed.!” Channels that are
shortened and/or straightened are often confined
using berms or levees, which inhibit meander
migration and disconnect the channel from the
floodplain. Energy is not dissipated out of the
channel, because flows do not spread out across the
floodplain.
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» Natural disturbances operating at varying time scales
are part of the sequence of natural channel evolution,
where the channel changes gradually over time,
leading to increased flow energy, and subsequent
channel degradation. Natural causes of degradation
may be related to stream and valley geology (e.g,
uplift or faulting), geomorphology (e.g., lowering of
base level or increased gradient), climatic change (e.g.,
a wetter period), and hydrologic change (e.g., increase
in peak flows).2

Treatment Considerations: The primary concern to be aware
of if applying bank-protection treatments in a degrading
channel is the potential for the river to undermine the
treatment by lowering its channel bed. Consequently, the
design of a bank-protection technique applied at the toe
of a bank must be sufficient to withstand down-cutting.
This resistance is critical to project performance (in
addition to depth of scour calculations based on existing
conditions). Instead of using bank-protection treatments,
consider using grade-control structures, which can stabilize
the bed elevation. Also consider reducing the hydrology
and increasing sediment storage by adjusting the channel
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Figure 3-17. Avulsion.

size and shape. The size and shape of the channel can be
adjusted by recreating meanders within the reach or by
modifying the cross section and constructing a floodplain
surface that will dissipate flow energy during flood events.
Another treatment to consider is placement of large
woody debris which provides storage of sediment by
creating a low-velocity zone downstream for sediment to

settle out and stabilize.

Avulsion: An avulsion is a significant and abrupt relocation
of a new channel. (Figure 3-17). Avulsions are caused by
concentrated overland flow, headcutting and/or scouring a
new channel in the floodplain, leading to a major channel
change. Avulsions typically occur in braided or aggrading
channels.'”> Avulsions are different from chute or neck
cutoffs in that they are not related to the predictable
patterns of meander migration. Rather, they result from

random channel events that vary dramatically in length

and point of occurrence.

Vegetated
floodplain

4"-...'~.7/4\$
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Channel after avulsion

An avulsion is a significant and abrupt relocation of a new channel. Avulsions are
caused by concentrated overland flow, headcutting and/or scouring a new channel in
the floodplain, leading to a major channel change.
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An avulsion takes place sequentially as surface erosion in
the floodplain progresses from small channels (rills) to
gullies, to eventually cutting a new channel. After an
avulsion, erosion progresses upstream in the new channel
(as headcutting) and/or downstream. An obvious indica-
tor of a potential avulsion is a nick point or headcut
downstream from where the stream flowed over its banks
and onto the floodplain. Figure 3-18 shows a newly

formed avulsion.

Figure 3-18. Avulsion, Quillayute River, Washington State.

An avulsion can be identified by answering the following
questions:

|. Has a new channel formed over the old floodplain
surface? Is it lengthening in the upstream direction and
does it have a headcut on its upstream end? This reflects
the fundamental process of avulsion.

2. Have large flood events recently occurred? Has the
hydrologic regime changed such that the frequency of
large runoff events has increased? An avulsion typically
occurs during large storm events where overland flows
erode the floodplain. Large storm events are extreme
events that are unlikely to recur in the foreseeable future.
However, in watersheds that have had their natural
hydrology attered, more frequent, milder storm events

may cause flooding and erosion similar to a large storm
event. Hydrology is commonly aftered by watershed
activities (e.g, urbanization, forest and agricuttural practices,
and past flood-hazard management efforts) that directly
change the natural hydrologic response.

3. Is the floodplain extensively eroded? The onset of the
avulsion process includes the progressive erosion of the
floodplain and formation of a new channel.

4. Has the main channel aggraded? A common cause of an
avulsion is reduction of conveyance in a channel due to
aggradation, resulting in more frequent over-bank flows.

5. Has the channel been relocated? If the channel has been
relocated, the channel may avulse back to its original
location.

6. Are abandoned channels common on the floodplain?
Walk the site and review aerial photos. If there is
evidence of abandoned channels, this reach may have
historically or recently avulsed. If there are a series of
scroll-shaped channels parallel to a newly formed channel,
it is more likely meander migration and not an avulsion.

7. Has the floodplain been cleared of all vegetation or
mined? Avulsions may occur where floodplain roughness,
naturally provided by the riparian corridor; has been
cleared. Also, sand and gravel mining activities are
depressions in the floodplain, increasing the risk of an
avulsion.

Reach-Based Causes: Reach-based causes of an avulsion are
shown in Figure 3-7 and are related to either aggradation in a
meandering or braided channel or relocation of a channel
from its natural location. Floodplain activity (e.g, removal of
vegetation on the floodplain or in the riparian buffer) were
discussed in Chapter 2 as a site-based cause of an avulsion (see
page 2-14). An aggrading reach may result in an avulsion if the
bed and water surface elevations increase the frequency of
overbank flow across the floodplain. Avulsions are a common
occurrence in naturally braided channels. See page 3-13 for
more information about aggradation.

Historically, many channels have been relocated due to land-
use activities such as agricutture or infrastructure development.
These channels were often relocated to the edge or outside of
their migration corridor. In areas where this has happened, an
awvulsion is possible as a relocated channel attempts to
reclaim its historic location within the migration corridor.

Treatment Considerations: As long as large storm events
occur, avulsions will also occur: After large storm events,
the human response is often to “fix"’ the avulsion problem
(e.g, put the channel in its pre-avulsion location and
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armor the bank) to withstand the next large event. These
“fixes” are often structural and are designed to withstand
these few large events; but, more often than not, they
unintentionally exacerbate bank erosion along down-

stream and upstream properties.

Treatment of avulsed channels is most effective if the root
cause, rather than the secondary cause, is addressed. For
example, if the root cause is aggradation, and the second-
ary cause is floodplain activities, selecting techniques that
correct the root cause will most effectively reduce the

avulsion risk,

The formation of backwatered, off-channel habitat within
the abandoned channel increases habitat value within a
reach. These abandoned channels provide winter and
spring flood refuge for fish and cool, spring inflow condi-
tions during low summer flows. Loss of these habitats is
common in developed watersheds. Maintaining or
fostering vegetative recovery of avulsed channels should

always be considered following such an event.

Short-Term Disequilibrium:

Short-term, catastrophic impacts including floods, rapid
mass failures and fires drive rapid channel change and are
a fundamental component of stream dynamics. Channels
affected by such events require a period of time to
recover and return to geomorphic equilibrium. The
recovered channel may or may not resemble the pre-
impact channel. Short-term instability is valuable to fish
habitat and riparian vegetation, both of which have

evolved and adapted to natural channel disturbances.?"22

Short-term, catastrophic impacts in-
cluding floods, rapid mass failures and
fires drive rapid channel change and are
a fundamental component of stream
dynamics.

Chapter 3

Large Flood Events: The geomorphic impact of large flood
events depends on the magnitude and frequency of the
events and how the channel recovers between floods.?*
The significance of floods in terms of channel morphology is
related to climate, lithology, vegetation and the timing of the
events; and their impacts vary dramatically, depending upon
the geomorphic setting. For example, in semi-arid settings
of sparse vegetation and thunderstorm-driven flooding (e.g,
eastern Washington), channel recovery is slow, and floods
commonly dominate channel form. In contrast, channels in
more temperate environments (e.g, western Washington)

tend to recover rapidly from flood impacts.

Floods can cause rapid changes in channel form, such as
changing a single-thread, meandering channel into a
braided channel, especially if a meandering channel is
nearing its geomorphic threshold (Appendix F). Other
effects of floods include channel widening and deepening,
avulsion and extensive transport and rearrangement of

sediment and woody debris.

Channels generally undergo a period of recovery following
flood events. Sediment deposition and vegetative regenera-
tion will narrow over-widened channels. Floods benefit
riparian regeneration due to deposition of new substrate
along the bank and in the floodplain, and a number of plant

species have evolved to respond to these conditions.

Mass Failure: Rapid, mass failures from hill slopes into
stream channels, including rockfalls, landslides, debris flows
and slumps, can significantly alter channel dynamics.2®

Mass failures cause large plugs of sediment to enter
stream channels, which can degrade fish spawning
substrate and habitat?' The ability of the channel to
transport excess sediment from hill-slope failure depends
upon the size of the sediment and the energy of the
stream. Increased sediment supply generally results in an
altered channel slope and, potentially, a shift from a
meandering to a braided channel. Mass failure events that
dam a channel (either with sediment or vegetative debris)
can have major downstream impacts on channel morphol-
ogy if a flood spills over the top of the dam.2¢ For a more
detailed description of how and why mass failure occurs,

review Chapter 2.



Once the excess sediment erodes, the channel will readjust
to background sediment loads. However, if the excess
sediment is too coarse to be mobilized, evidence of the
mass failure will remain as a steep, coarse channel reach.
This appears as rapids on large river systems. Mass failure
contributions of large amounts of woody debris to a
channel will be routed downstream and, with time, serve as
valuable aquatic habitat. Some debris, however, will remain,

providing stability to the bank and bed of the channel.?:28

Fire: The destruction of large amounts of hill-slope
vegetation by wildfire impacts stream channels by increas-
ing runoff and soil erosion, especially in steep drainage
basins,® mass wasting on hill slopes (through the loss of
vegetation root strength,® and sediment deposition in the
stream channel. The increased sediment load consists
primarily of fine-grained soils that may degrade habitat
function for many years, causing channel disturbance from

stream reaches all the way up to entire drainage 3

Treatment Considerations: Channel restoration within
areas that are damaged by short-term impacts often focus
on restoring the original channel condition. In many cases,
these efforts simply accelerate the natural recovery
process and may, therefore, not even be necessary to
achieving channel stability. Indeed, a “no action” option
may be optimal if the predicted extent and time frame of
recovery are acceptable. Additionally, it's important to
remember that short-term disturbances such as floods
create excellent aquatic and riparian habitat. Restoration
efforts should be undertaken with great caution, weighing
carefully the potential adverse effects on the extent,
quality, or longevity of habitat created by the initial
disturbance against the potential adverse effects of the

proposed restoration treatment.

Where the magnitude of short-term impacts is such that
a channel is likely to remain unstable for long periods of
time, human interaction might be necessary. For example,
where floods or mass failures result in the deposition of a
new size of sediment (such as large boulders in a gravel-
dominated stream), extensive channel modifications may
recover channel equilibrium, to the benefit of human

needs and habitat quality.

—

Indeed,a‘“no action’’ option may be op-
timal if the predicted extent and time
frame of recovery are acceptable.

CONCLUSION

The variety of reach-based causes of streambank erosion
makes assessment of their presence and influence
challenging, but essential, in determining appropriate
treatments. Evaluating reach-based causes should always
occur in tandem with evaluation of mechanism of failure
and site-based causes, since each can profoundly affect the
other. In Chapter 4, Considerations for a Solution we will
explore how to weave our site and reach assessments
with the engineering considerations necessary to deter-
mine risk and mitigation needs for potential treatment(s).
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napter 4

Considerations for a Solution

his chapter links the building blocks of site and reach
assessments described in Chapters 2, Site Assessment and
Chapter 3, Reach Assessment with the engineering consider
ations involved in risk assessment and mitigation procedures
when dealing with lost habitat (Chapter 5, Identify and Select
Solutions). The information contained in this chapter will help
establish project® objectives and design criteria, which include
consideration of habitat mitigation, risk, the emergency nature
of the work and project management. Developing design
criteria involves integrating various project elements, including
technical performance, cost, acceptable risk, mitigation

requirements and maintenance needs.

* In this context, the term “project” refers to the actual protection
treatment used, not just the effort to construct or install the treatment.
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OBJECTIVES AND DESIGN CRITERIA

Integrated Streambank Protection is a strategic approach to
managing erosion on streambanks and channels that
protects lives, properties and structures while also
protecting or restoring a stream’s ecological value. It may
involve structural or nonstructural solutions, or both,
integrated with ecological functions. It may also result in
solutions that allow continued erosion. The desire to
stabilize a streambank may be driven by the need to
protect a physical structure or to protect land from being
consumed through bank erosion or instability. A number
of objectives may be imposed on such a project, some of

which may even be in conflict with each other

Describing Objectives

Selecting an appropriate bank treatment requires identifying
all the objectives associated with the project, including
ecological functions associated with the site. Objectives are
usually described qualitatively. For example, a project might
have an objective such as: “to stabilize the streambank for
500 feet upstream of the bridge at Highway 50 so the
bridge isn't undermined,” or “to stop the streambank
erosion that is threatening private residences.”

Objectives should be stated in terms of the desired
outcome to be achieved. Do not include methods in the
stated objectives. Doing so may create unintended
problems, such as causing certain solution options to be
selected or rejected prematurely, and risks may not be
accurately characterized or evaluated. For example,
although erosion caused by a large flood appears to
threaten property, focusing on the erosion risk may place
the property in further danger if the real risk (and
solution) has to do with the probability of large flood
events in the future. Rather than stating the objective as
“stabilize the streambank to protect property and lives,”
state the objective in terms of outcomes: “take action to
minimize the risk erosion poses to property and lives.”
Doing so enables all solution options to be considered,
selected and/or rejected based on their individual
potential for success. Folding the concepts of Integrated

Streambank Protection into the picture, the objectives
might also include something like, "... while protecting the
aquatic productive capacity of the site.” The objective
might even include other factors such as protecting

recreational or scenic values.

Defining Design Criteria

Design criteria are specific, measurable attributes of
project components developed to meet objectives. Put
more simply, they describe how a successful outcome

would function if the objective were met.

Design criteria are target standards or performance
measures set for individual components of a design,
providing numeric, allowable limits of performance and
tolerance for bank-protection components and mitigation
features. These performance measures relate to reversing,
preventing or minimizing the mechanisms of failure
described in Chapters 2 and Chapter 3, as well as

achieving the proper function of mitigation features.

Design criteria are a key to establishing mutually under-
stood expectations for the property owner, project
sponsor, designer and regulatory agencies. They also form
an agreed-upon, objective basis of evaluation to determine
whether the fix was effective or not. While an objective
might be stated in general terms, such as “minimize
erosion” and “maximize stability during high flood events,”
design criteria are more specific; they describe what it
means to meet the objective. For example, a set of design

criteria for bank stabilization might include*:

* The bank-toe stabilization measures taken shall resist
scour forces up to and including a 25-year discharge.

* The bank protection above the water level that
occurs at the five-year discharge shall resist shear
stresses of 0.5 pounds per square foot.

*the design-criteria examples listed in this chapter may or may not be
appropriate for any given project. Specific criteria must be determined
for each individual project.

Selecting an appropriate bank treatment requires identifying all the objectives
associated with the project, including ecological functions associated with the site.
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Stabilization measures shall account for potential bed
degradation of two feet in the event channel degra-
dation continues.

* Bank-toe woody material shall resist buoyancy and
shear forces up to and including those that occur
during a 10-year recurrent flow.

* Shoots from grasses planted on the upper bank shall
cover 80 percent of the ground surface at the end of
the second year following project implementation.

At least 80 percent of the woody plant material shall
survive three years after placement.

* Scour pools created by each mitigation debris jam
shall result in an average of at least 600 cubic feet of
pool volume covered or within |0 feet of the major
debris jam elements.

Design criteria are what make it possible to achieve the
stated objective. They help the project participants
describe what the objective means, figure out how to
achieve the objective and measure whether or not the
strategy to meet the objective succeeded. When applied
in conjunction with design analysis, design criteria might
answer questions such as:

* What type of bank-surface protection is appropriate,
if any?

* How big should the toe foundation material be, and
how deep should it be placed beneath the existing
stream bed?

* What specific mitigation features will be required, and
how secure must they be?

* What type of erosion-control fabric, if any, should be
used on the upper bank, and how should it be
installed?

* What trees and shrubs should be used for re-
vegetation; how large should they be when planted,
and how should they be cared for?

The number and focus of design criteria for any given
project depend upon the scale and extent of the particu-
lar project itself. Simple, uncomplicated projects with little
ecological effect may require only a few design criteria,
whereas more complex or risky projects may require a

i

more extensive suite of criteria. Depending upon the
problem to be solved, design criteria may take into

account any number of components. For example:

* Vertical Stability: bed-material gradations and
distribution, grade-control-structure rock size,
structural dimensions and placement details.

* Lateral Stability: deformable or nondeformable bank,
composition and character of bank toe (including
depth, width and angle, upper-bank backfill or soil
material and slope) and surface protection.

* Floodplain Surface Stability: time required to achieve
vegetative stability and allowable shear forces on the
floodplain surface.

» Agquatic Habitat: function, description, quantity,
location and durability of various habitat types after
initial construction and as affected by subsequent
flood events.

» Revegetation Success: vegetation zones and land-
scape position, lower limit of vegetation, species
composition, plant density and performance, irrigation
needs, weed control and maintenance requirements.

 Constructability Considerations: construction time
window and sequencing needs, dewatering methods
and protection of fish, erosion- and sediment-control
measures, staging areas for materials and equipment,
heavy-equipment capabilities, access requirements
and site restoration.

RISK AND COST ASSESSMENT

Assessing risk is a highly subjective yet critical process in
evaluating bank erosion and considering management
steps. Risk is the product of consequence and probability.
A high-risk situation is one in which the probability and/or
the consequence of failure is high. A lower-risk situation is
when the probability of occurrence or the nature of the
outcome is less severe. Determining the nature and
degree of risk depends upon the point of view of those
who have a stake in the outcome. For instance, weighing
risks to habitat, property and safety against each other will
likely result in differing conclusions, depending upon
whether one is a property owner, a recreationist or a
resource manager. Assessment should always weigh the
risks of bank protection as well as the risks of bank
erosion. Just as the nature of stream activity should be
assessed in terms of site conditions and reach conditions
(as discussed in Chapter |, Integrated Streambank Protec-
tion), the nature of risks should also be considered within

such a context.
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Assessment should always weigh the
risks of bank protection as well as the
risks of bank erosion.

Site risks to consider in terms of both erosion and steps
to correct erosion include impacts on:

* property and infrastructure,
* habitat, and

* public safety.

Reach risks to consider in terms of both erosion and steps

to correct erosion include impacts on:

* channel stability, and

* habitat.

While some risks are difficult to quantify, due diligence in
addressing all certain and potential financial and resource
costs will only contribute to a more successful outcome in

resolving the streambank or channel issue.

Cost considerations for both bank erosion and bank

protection should include:

* repair of damage to property and infrastructure;
* relocation of at-risk facilities;

» compliance with legal requirements for habitat
rehabilitation;

restoration of the channel to prevent further habitat
losses associated with a bank-stabilization project;

design (including appropriate geomorphic and
hydrologic analyses), construction and maintenance of
the bank-protection treatment; and

habitat mitigation for the duration of the impact,
including any required monitoring and mitigation
adjustments.

Assessing Risk Associated with Bank Protection
The selection of streambank treatment is often guided by
the assessed risk of failure. The use of “soft” bank-
protection techniques, such as revegetation, can be used if
either the probability or consequence of continued bank
failure is low. In their early stages, purely vegetative bank-

protection techniques often provide less guarantee of
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protection than more structural techniques. However,
they can act as a buffer initially, and they provide secure
protection once vegetation becomes established and bank

strength is restored.

An eroding bank is not usually a risk to habitat. Erosion is
a natural process that can recruit large woody debris and
sediment necessary for a healthy stream and riparian
ecosystem; but accelerated erosion, especially of fine-
grained material, can be a risk to habitat by filling pools
and contaminating spawning beds. Additionally, steps to
stabilize streambanks can have a habitat-restoration value

by restoring channel geometry.

Relating Risk to Hydrologic Probability

The selection of design criteria is guided by the risk of
failure. Since the success or failure of bank stabilization is
dependent on flood events, design criteria and risk are
defined by the probability of occurrence of a flow of a
given size. Some design criteria need to relate to a
specific, limited time window. For example, revegetation
might require five years of development before it suc-
ceeds in its objective of bank stabilization, and establishing
measurements for the success of that treatment will need
to take this into account. Other criteria may take into
consideration longer return periods, depending upon the
need. For example, a design might include a criterion such
as,‘'vegetative bank protection shall resist erosion with 70-
percent assurance during the first five years and 80-

percent assurance over the next 50 years."

Design criteria can be established that consider the
erosive forces exerted during a flow of a particular
magnitude, also referred to as the “design flow." By using
the probability of a flow occurring during a limited time
frame, variable levels of risk can be considered. Design
flow (that is, a flow of a defined level) is described by the
likelihood of recurrence over time. A" 100-year flood" is
the flow that has a one-percent probability of occurring in
any given year. Although such a flow could occur in two
consecutive years, the statistical probability is one percent
in any given year. The statistical probability of occurrence
of a specific level of flood is typically related to an
unlimited time frame. When the statistical probability of a

specific flow happening within a limited time is calculated,



for example within the next ten years, the likelihood of
recurrence is lower than it would be for an unlimited

period and is calculated as:
P=1-(1-1/T)N

where:

P = probability that a given flow will occur at least once
during the next N years;

T = recurrence or return interval; and

N = specified number of years in time window.

In many cases, design criteria for the same project may
relate to different design flows. For example, a bank toe
of rock might be designed to withstand forces up to the
25-year flow, whereas surface protection of a floodplain
against potential avulsion might be designed to the five-
year flow. A reason for this difference might be the
expectation that the immediate risk of avulsion is accept-
able and natural vegetation growth on the floodplain will
reduce the risk over time.

There are two approaches to determining appropriate
design flow. The first is quite simple and involves selecting
a suitable risk level based on probability. For example, a
common standard for protecting infrastructure is to
design for a one-percent-probability flow, recognizing that
such a flow may actually occur in any year or sequence of
years. However, application of that standard may be
overly simplistic and inappropriate. Design standards for a
project take into account the risk, cost and habitat
implications associated with adhering to them.

The second method of determining appropriate design
flow is an integrated and iterative approach, where
methods, risk, mitigation, sequencing and costs are
considered. Risk can be viewed in the context of limited
and/or unlimited time frames. One can evaluate the
forces at various flows, consider the methods required to
provide stabilization at these flows, evaluate the costs and
habitat mitigation requirements of the different levels of
stabilization and choose a design flow that achieves the
objectives of the project at the best value.
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HABITATS COMMONLY AFFECTED BY
BANK PROTECTION

This section explains various habitat characteristics and
how bank-protection efforts might affect them. See
Appendix G, Biological Considerations for a more complete
description of habitats.

Spawning

Spawning habitat is created by the interaction of high flows
with channel geometry, sediment and substrate as well as
other variables and complexities at the site. Habitat
requirements depend upon the fish species in question.
Some species are “broadcast spawners” that freely spawn
over the substrate. Other species construct and deposit
their eggs within nests or “redds” in the substrate. Some
species’ spawning habitat is present in riffle-pool channel
morphology associated with debris accumulations or in
pool tailouts and other localized accumulations of gravel.
Other species depend on wide gravel beds with uniform
cross section and profile, known as “runs.”

Spawning habitats are directly created by and depend on
channel characteristics and complexities that cause
hydraulic sorting and accumulation of gravel into bed
forms appropriate for spawning. These beds, if well
established, are relatively resistant to scour during periods
of egg incubation. Changes to the bank can cause the
thalweg to scour gravel accumulations and create uniform
channel beds that eliminate spawning habitat. Where
banks are smoothed by natural or man-made influences,
riffle-pool sequences and other spawning habitats are lost
forever. Spawning-habitat losses are difficult, if not
impossible, to recreate without regenerating the channel
characteristics they depend on. This is especially true in
channels that are too narrow to include large roughness
elements or debris accumulations.

Spawning habitats are directly created by
and depend on channel characteristics
and complexities that cause hydraulic
sorting and accumulation of gravel into
bed forms appropriate for spawning.
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Mitigating the loss of spawning gravel includes recreating
and/or maintaining channel dimensions and complexity.
Depending upon the species, the scale of the channel and
associated impacts, channel-complexity mitigation might
include adding debris jams, debris catchers, channel
constrictions, drop structures and roughness elements.
Even under the best of circumstances, however, it is not

always possible to recreate spawning habitats.

An important source of spawning gravel is the material
eroded from its banks. Successful bank-protection projects
often block the ability of channels and banks to continue
supplying spawning gravel. Spawning sites in channels
whose supply of gravel is lacking are particularly sensitive to
these impacts. Lack of spawning gravel might be a natural
situation or may be due to previous unmitigated bank-
protection projects or dams. Avrtificially supplementing the
channel with spawning gravel allows the channel to
redistribute it during floods.

Cover

The term ““cover” refers to juvenile rearing and adult
holding habitats provided by large woody debris, live tree
roots, deep pools, shallow water (refuge for juveniles),
undercut banks, overhanging vegetation, turbulence and
large interstitial areas in cobble or boulder substrate. Fish
use and value of these habitats vary with different species
and life stages. Especially important in lower river reaches,
fish-migration corridors provide holding areas for fish that
are not ready to enter saltwater or that are migrating at
night and holding during the day.

Cover provided by complex debris structures is the
habitat preferred by most fish. Deep, low-velocity pools
resulting from scour around debris structures, debris, snags
and jams in or near the water should be left in place. If
they must be moved to facilitate construction, they must
be replaced in their entirety either in the original position
or a location where they would naturally occur in order
to maintain the original habitat function. An alternative to
replacement is to install debris collectors that capture and
retain floating debris. It may be tempting to use boulders
or groins to create pools in the stream for fish. The
problem with such a solution is that fish tend to use these
pools less than those created by wood. Therefore,

boulders or groins alone are not a good substitute for
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wood. However, when groins are combined with substan-
tial accumulations of wood, they have been shown to
provide comparable habitat to that created by naturally

accumulated woody debris.

Armored revetments create a continuous, deepened
thalweg, an uninterrupted, high-velocity pool, along the
treated bank. Placement of dense clusters of large wood
in the channel and along the banks will break up the
current. The track record for attaching large woody
debris to riprap, particularly for single pieces, has been
poor, except when specifically designed for the shear
stress at the site and buoyancy of the wood. Log jams
and pile structures as debris catchers have been successful
when designed to fit natural channel processes. Shallow
water is an important cover feature for juvenile fish use
where more complex cover habitat is not available.
Juveniles use shallow water to escape predatory fish.
Shallow-water cover is not a replacement for cover

provided by debris and scour, however.

Habitat Complexity and Diversity

Habitat complexity and diversity is the mix of in-channel
and hydraulic features important to the survival, growth,
migration and reproduction of salmonids. Complex and
diverse channels are more productive for salmonids than
simple channels. Vegetated banks and floodplain, cover; off-
channel rearing, flood refuge and spawning are habitat
components that partially define complexity and diversity of
a stream channel. Variations in bank and bed topography,

substrate, depth and velocities are all elements of diversity.

Riparian Function

Riparian corridors serve a vital role in fish and wildlife
habitat. Riparian benefits include food contribution in the
form of leaf litter and insects, shade, nutrients, cover, large-
woody-debris accumulation, attraction of wildlife and a
high level of water quality. Riparian corridors also provide
energy dissipation, bedload retention, pool formation,
flood-refuge habitat and critical habitat diversity. To
maintain and protect the riparian function, it is important
to preserve a natural riparian buffer within and beyond
the bank protection.



All bank-protection projects should have a riparian preser-
vation or restoration component. Riparian function is
partially mitigated at armored banks by planting vegetation
that will grow through the hardened bank armor: This is not
always feasible depending upon the thickness of the rock
and fitter blankets, as well as water conditions in the bank. If
the bank armor cannot be vegetated because of materials
or maintenance requirements, another style of bank
protection should be considered, or the loss must be
mitigated by establishing a riparian buffer in the area above
the rock, including large trees and native under-story plants.
Controlling invasive, noxious weeds is critical in re-establish-

ing native riparian vegetation.

Every linear foot of bank that has received protection
treatment should have the riparian function restored,
including trees, other woody species and under-story
vegetation. Be sure to integrate plantings into the bank
treatment or create or enhance a riparian habitat area in a
bank terrace and above the bank face. Part of the
mitigation design and management is to assure a specific
plant survival rate over a specific period of time. For
example, a mitigation plan could stipulate that 80 percent
of the intended riparian vegetation survives and develops

to specific dimensions within three years.

Flood Refuge

Riparian habitat often provides refuge for juvenile and adult
fish during floods. It can be created by installing debris
collectors (such as rows of pilings) or mature, woody

vegetation on the upper bank and in the floodplain.

When armored revetments are put in place, they create
smooth banks that limit floodplain and bank roughness
features. Debris collectors and vegetation create current
breaks, which provide flood refuge, juvenile rearing habitat
and holding cover for adult fish. Planting trees in the
riparian buffer creates refuges and is also effective in
roughening the channel. Vegetating rock armor and/or
building a terrace into the revetment above the ordinary
high-water line will also provide some mitigation. Large-
woody-debris structures anchored into rock armor above

the ordinary high-water line will provide some refuge as well.

ks

Sediment and Debris Sources
Sediment and woody-debris sources are lost if a channel
is fixed in place and not allowed to gradually erode and

recruit material.

Trees removed from rights-of-way or streambanks for
safety purposes and debris removed from reservoirs should
be relocated or placed within the stream channel so they
can function as habitat. Artificial feeder banks can be
developed for a reach to mitigate the cumulative loss of
sediment sources due to bank protection. Gravel bars and
gravel bluffs have proven effective when constructed and

maintained as gravel sources downstream of reservoirs.

Off-Channel Rearing Habitat

Off-channel rearing habitat, including wall-based channels,
flood swales, side channels and floodplain spring channels,
is often a limiting factor to salmonid productivity in
channelized rivers. Common functions of these habitats
include spawning, rearing and holding habitats, and refuge
for adults and juveniles of many fish species.

In-kind mitigation should be required for any project that
eliminates off-channel habitat or reduces the opportunity
for the creation of off-channel habitat in the future. If no
on-site opportunities for habitat restoration exist, or land
ownership precludes their use, the project owner should
contribute to the creation of such habitat elsewhere. If
land is not available for off-channel work, then an off-site
restoration effort on other river stretches may fulfill this
habitat need.

Lost-opportunity impacts can be avoided by selecting a
bank-protection technique that is deformable and provides
for natural rates of lateral erosion, such as a log or veg-
etated bank toe or debris jam to restore the channel
processes to their natural rate. Construction or restoration
of off-channel habitats and providing an artificial supply of
debris and sediment can also help mitigate the loss.
However, mitigation must be provided in perpetuity and a
long-term commitment is required for mitigation which
precludes natural fluvial processes. Off-channel habitats are
a logical application of mitigation banking.
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Funding for off-channel habitat mitigation can be accom-
plished by consolidating the impact fees of multiple small
projects. Diking districts can combine their funding into

projects of reasonable and effective scale, distributing the
cost among off-channel beneficiaries through their taxing
structure. Fees can include administrative costs, and cost

matches from other programs should be encouraged.

DURATION AND EXTENT OF IMPACTS

It is important to understand the specific potential impacts
that bank-protection treatments have on stream function
and fish habitat. Without this level of understanding,
treatments may be selected that have unintended but
severe consequences to the ability of the stream or river
to support life. There are five types of impacts associated

with bank-protection projects:

| construction activity impacts;

2. direct loss of habitat;

3. channel response impacts, both on- and off-site;
4. lost opportunity; and

5.increased risk by perception of protection.

Construction-Activity Impacts
Construction-activity impacts to the riparian corridor and

the channel can often be avoided. Construction activity
that causes impacts is often short-term, though impacts to a
mature riparian area may take decades or centuries to
recover. Short-term impacts can usually be addressed and
minimized by construction timing and sequencing, water
quality protection techniques, work-site isolation, re-
vegetation, and erosion- and sediment-control practices.
The impact that heavy equipment has on a streambank
construction site is often significant, depending upon the
type of equipment used, care of equipment operation, site-
access design, project sequencing and the care equipment
operators take in conducting their work. Long-term
construction impacts are caused when riparian vegetation is
removed along the bank or in the water, when soil is
compacted, when surface drainage is changed or when

heavy equipment is repeatedly used for maintenance.
Impacts include tree removal, erosion of bank and

disturbed soils, release of sediment to the water; road

construction, soil compaction, channel and bank
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reconfiguration and debris removal. Construction impacts
must be mitigated at the time of project construction.
Mitigation is usually covered with standard Hydraulic Project
Approval provisions that usually include construction timing,
project sequencing, water-quality protection, equipment
type and operating procedures, revegetation, and best-

management practices for erosion and sediment control.

Direct Habitat Loss

Direct habitat loss is the immediate and permanent
alteration of habitat by a project. It is also the lost ability
of a site to naturally restore the habitat functions associ-
ated with it. Direct loss of habitat may include loss of
cover, spawning beds, individual pieces or accumulations of
debris, riparian function and alterations to the channel that
decrease the complexity or diversity of habitat. [t may
also include interference with the hyporheic function of
the stream. Treatments that prevent a channel from
naturally restoring itself include placement of permanent
structures that eliminate habitat-forming dynamics such as
pool scour, debris accumulations, and overhanging trees

and/or debris.

Channel Response Impacts: On Site, Off Site
One of the most unpredictable impacts of bank-protection
projects is their off-site effect on stream function upstream
or downstream. Channel-response impacts include effects
of redirecting flow, modifying energy dissipation through the
project reach and/or disrupting natural meander migration
patterns. The impacts are to the adjacent channel upstream
and downstream of the project. Impacts can be positive,
depending upon the mechanisms and causes of failure.
However, they can also negatively impact not only fish
habitat, but also property and public safety.

Indicators of potential off-site impacts include changes in
flow alignment, energy or sediment delivered past a
project site or changes in backwater conditions upstream
and, therefore, a change in sediment deposition and
channel stability and hyporheic function. These changes
may not be obvious or immediate. They are created by
the influence of the project on the channel over time and
during future floods. Channel confinement, constriction,
smoothing or roughening, alignment changes and channel
shortening may jeopardize adjacent habitat and proper
ties. Indirect, off-site impacts are the most difficult to
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Channel-response impacts include redirecting flow, modifying energy dissipation
through the project reach and/or disrupting natural meander migration patterns.

predict and mitigate and may take years before they are
discernable or they may occur during the next flood
event. Once they occur, however, they are typically
persistent and create even more channel instabilities.
Despite the difficulty of identifying the potential off-site
consequences of different bank-protection techniques, an
attempt must be made during the reach analysis and

design phase.

Mitigation should be conducted concurrently with the
bank-protection project. Mitigation for off-site impacts
avoids the indirect loss of habitat in adjacent reaches as a
result of a bank-protection project. The best mitigation,
again, is to avoid the impacts altogether by not construct-
ing the bank protection or by selection of an appropriate

treatment that avoids the impact.

Mitigation for upstream and downstream channel-stability
impacts can include acquisitions, protective covenants,
conservation easements and restoration of natural
banklines in adjacent reaches to minimize impacts from
the project. While there is an equity issue in asking for
mitigation of lost opportunity when the perpetrator of
the problem (e.g. upstream land owner) was not required
to mitigate for their previous actions, that issue does not
relieve the responsibility of project mitigation.

Lost-Opportunity Impacts

Lost-opportunity impacts result from projects that
adversely alter natural fluvial processes important to the
ongoing creation of fish and wildlife habitats. Habitat
diversity for a variety of life-cycle stages of fish and wildlife
depends on natural rates of lateral channel erosion.

Habitat diversity for a variety of life-cycle
stages of fish and wildlife depends on
natural rates of lateral channel erosion.

Debris, sediment sources and sorting, habitat complexity,
pools, and side channels are examples of habitat components
that depend on erosion. Preventing a channel from naturally
migrating across the floodplain usually eliminates sources of
woody debris, sediment and side channels; these losses are
defined as “lost opportunities.” Natural channels evolve over
time and migrate across their loodplains. When a channel
naturally moves to a new alignment, it leaves behind vital
habitat, such as floodplain sloughs and side channels. Those
habitats have a finite productive longevity, some likely less
than 20 years. If the natural fluvial processes of a stream are
restricted or interrupted, these side-channel habitats will
diminish in productivity and will not be replaced. These
habitats cannot be mitigated by the design of a project. They
are lost when a channel is fixed in a specific location, regard-
less of the bank-protection technique. Lost-opportunity
impacts last as long as channel migration is halted (see Figure
4-1 for an example of lost-opportunity assessment).

Mitigation for lost opportunity requires mitigation for channel
processes affected by a project. In some situations, off-site
mitigation may be the only option. It may be more efficient
and cost-effective for small landowners in a watershed to
consolidate their mitigation work.

Mitigation for lost opportunity requires
mitigation for channel processes af-
fected by a project.

Though it is recognized that, to achieve no loss of habitat,
lost-opportunity impacts must be mitigated, there are
currently no tools for universal and consistent application of
the concept. Tools are needed to assess the lost opportuni-
ties in order to ensure that appropriate mitigation is provided.
The concept of mitigation for lost opportunity should only
be applied when consistent, acceptable, assessment methods

or specific site information are available.
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LOSS OF HOLOCENE FLOODPLAIN
WITHIN THE KITTITAS REACH
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Figure 4-1. An example of lost-opportunity assessment, in this case, loss of floodplain.
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Management of Lost-Opportunity Impacts
Lost-opportunity impacts should be recognized early in
the scoping of all projects, especially those projects that
are large and complex. Recognizing and mitigating lost
opportunities within the context of an entire stream
reach is far more efficient, practicable and preferable than
focusing only on individual projects. This approach is most
feasible for property owners and public agencies that have
access to extensive lands along the stream basin or in

areas with cooperative planning among landowners.

The process of identifying lost opportunities and deter-
mining their mitigation includes conducting a corridor
analysis, studying the overlay of existing infrastructure,
studying projected land use, and identifying ecological
characteristics that might be affected by the interaction of
the river and the proposed work (see Figure 4-1). An
alternatives analysis could then identify treatment options
for the entire corridor. This brings additional partners into
the assessment process such as neighboring property
owners and other interests in the basin. It allows efficient
use of combined resources and allows a proactive
approach to stream corridor management when designing

both projects and mitigation.

Different protocols might be appropriate for assessing
different scales and levels of lost-opportunity analysis. For
example an analysis using typical channel characteristics
might be used in the planning phase of a large project.
That analysis might be expanded and/or verified as part of
the project development through a geomorphic analysis

of the reach and site.

Recognizing Lost-Opportunity Impacts

There are three key elements to identifying lost opportunity:
|. expected duration of impact,
2. geomorphic/riparian basis, and

3. the action/treatment being considered.

(s

Expected Duration of Impact

The expected duration of the impact establishes the
timeframe through which mitigation must be considered.
Channel processes by definition are time dependent; over
time, a channel may continue to move and create habitat.
Lost-opportunity impacts, therefore, should also be
considered continual and changing; cumulative impacts

may continue to occur as long as a treatment is present.

Impacts of a project might also last beyond the project’s
existence. If a bank-protection treatment is removed, its
impact of altering the channel form, shape, slope and
location may continue until the channel regains its natural
character and process. It is important to pay close
attention to the concept of “life of project” discussed later

in this section.

Geomorphic/Riparian Basis

The geomorphic/riparian basis of lost opportunity is the
physical setting and the natural processes that might be
affected by a project.

There are four parameters in the geomorphic/riparian basis:

I. channel and floodplain characteristics;
2. current, natural and expected rates of erosion;
3. extent of area affected; and

4. opportunities affected.

The character of a channel in which work is proposed will
help determine the impacts expected. For example,
stabilizing a channel in a ravine that migrates very little
laterally over the life of the project may result in little or no
lost opportunity. On the other hand, stabilizing a channel
that once meandered freely across an alluvial floodplain
may present substantial lost opportunities. Meandering
reaches produce valuable oxbows and cutoff channels, and
avulsing reaches create beneficial side channels.
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The channel-migration zone, relative to the expected life
of the protection treatment, generally defines the aerial
extent of the actual or potential impact, though additional

hyporheic zone impacts may extend even further.

The channel-migration zone, relative to
the expected life of the protection
treatment, generally defines the aerial
extent of the actual or potential impact.

Lost-opportunity analysis should include time averaging to
identify issues such as habitat types, diversity and presence,
debris and sediment recruitment rates, successional stages
and growth rates of riparian vegetation, life cycles of
various fish and wildlife, water quality, and channel
processes. It should also identify lost opportunities as if
the floodplain were in a natural condition. “Natural
condition” is described in terms of presence of side
channels and forests as well as in terms of rate and
pattern of erosion and channel migration. This is because

a floodplain would be less developed if it were not for the

presence of bank-protection work. In other words,
clearing and developing the floodplain is at least partially
the result of bank-protection work rather than a pre-
existing condition. It also provides a simple and common
baseline for assessing the condition of the watershed,

hydrology and sediment inputs that might affect the site.

A dichotomous key or flow chart such as the example
below can be used to analyze the potential for lost-opportu-

nity impacts: (see Figure 4-2)

Action/Treatment Being Considered:

The third element of lost-opportunity analysis is the
design and scale of the project or action being considered.
A project that is designed to be deformable, so that the
channel can eventually return to a natural rate of erosion,
will likely have very different lost-opportunity impacts than
a project that rigidly and permanently fixes a migrating

channel in place.

Bank-protection treatments installed in inappropriate
locations more often than not create the need for further
bank protection and ultimately result in loss of opportuni-
ties for the entire reach. Those responsible for initiating
the first bank protection along a reach may be liable for

impacts to the entire reach. On the other hand, whoever

What floodplain and channel processes might be impacted by the project?

*  Are there remnant side channels present or anticipated?
[ Yes. Consider lost opportunity of off-channel rearing and/or spawning habitat.

[ No. Further lost-opportunity assessment is needed.

*  Could the riparian area to be affected by the project be a source of debris?
[ Yes. Consider lost opportunity of debris source.

[ No. Further lost-opportunity assessment is needed.

»  Could the riparian area be a natural source of sediment that could be important to spawning habitat function?
[ Yes. Consider lost opportunity of debris source.

[ No. Further lost-opportunity assessment is needed.

For all "yes" conditions, consider the extent of lateral migration relative to the expected life of the project, and the frequency and
nature of expected off-channel habitat, debris and sediment sources that contribute to the lost opportunity.

Figure 4-2. A dichotomous key used to analyze the potential for lost-opportunity impacts.
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installs bank protection along the last remaining

unarmored section of a river reach might be considered
the victim of previous actions and may therefore be held
to a different standard of mitigation liability. They may be
held liable for no more than the direct impact at the site

of their bank-protection treatment.

Impacts of Perceived Protection

Bank-protection treatments often create a false percep-
tion that properties adjacent to the channel are now safe
from flooding or erosion. This false sense of security can
buoy confidence to increase land development, which in
turn may increase the risk associated with future bank
erosion. Special caution needs to be taken in land-
development planning and streambank management to

account for such a risk.

MITIGATION

This section describes appropriate fish-habitat mitigation
measures. The following concepts are intended specifically
for bank-protection projects but might also be appropri-
ate for other types of projects.

Bank erosion is a natural process that is often accelerated
by human influences. Mature, overhanging trees, shrubs
and exposed roots in a gradually eroding bank are
important for creating and maintaining habitats. The
recruitment of debris and gravel also perform vital habitat-
and erosion-protection functions. Although a bank-
protection project may control the introduction of
excessive sediment, armoring a streambank stops ongoing
development of a healthy and dynamic riparian ecosystem.
The habitat-creation benefits of debris from an eroding
bank can be more important to biological processes than
the reduction of the sediment source. Bank-protection
projects may preclude the possibility of restoration of the
natural bank and riparian functions.

The first priority of mitigation is to avoid impacts to habitat.
Where all impacts are avoided, mitigation is complete. On
the other hand, where a bank-protection project causes
impacts to habitat, compensatory mitigation (rectifying,
compensating or correcting) will be required.
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The first priority of mitigation is to
avoid impacts to habitat.

Legal and Policy Basis of Mitigation

The required level of mitigation is described in Washington
Department of Fish and Wildlife regulations, Washington
Administrative Code (WAC) 220-110-050: Bank protection
projects shall incorporate mitigation measures as necessary to
achieve no net loss of productive capacity of fish and shellfish
habitat. Mitigation is defined in the WAC as actions taken to
avoid or compensate for impacts to fish life resulting from the
proposed project activity.

The Washington State departments of Ecology, Fish and
Wildlife, and Transportation, as well as Tribes in Washington
have worked together to develop policy guidance for
mitigation afternatives within a watershed context. This
guidance has been compiled in a document called Alterna-
tive Mitigation Policy Guidance - Interagency Implementation
Agreement (AMPG-IIA), published February, 2000. Addition-
ally, the Washington Department of Fish and Wildlife has
developed a mitigation policy (POL-M5002, Jan. 18, 1999).

The concepts presented in this section are intended to
provide further explanation and detail to existing mitiga-
tion policies and regulations. If there is any discrepancy
between these policies and regulations and the informa-
tion related in the Integrated Streambank Protection
Guidelines, the policies and regulations prevail.

The AMPG-IIA defines mitigation as:

“..actions that shall be required or recommended to avoid or
compensate for impacts to fish and other aquatic resources
from a proposed project. Mitigation shall be considered and
implemented, where feasible, in the following sequential order
of preference. Use of the word ‘mitigation’is comprehensive
of all three parts of the following sequence and is not to be

considered as synonymous with compensatory mitigation.
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Complete mitigation is achieved when these mitigation
elements ensure no net loss of ecological functions, wildlife,
fish and aquatic resources. Avoiding the Impact altogether by
not taking a certain action or parts of an action. Minimizing
the Impacts by limiting the degree or magnitude of the action
and its implementation. Compensating for the Impact by
replacing and providing substitute resources or environments
through creation, restoration, enhancement or preservation of

similar or appropriate resource areas.”

This sequence of mitigation decision making is the basic
foundation of the bank-protection design process

described in the text and matrices of Chapter 5.

The most elegant bank-protection solution mitigates by
avoiding habitat impacts and, in fact, restores or

enhances habitat.

Mitigation success is evaluated based on the biological
productive capacity and opportunities reasonably expected of
a site in the future (Washington Department of Fish and
Wildlife Mitigation Policy, 1999). This statement recognizes
that an eroding channel is not static; in the process of
erosion, habitats are formed. Likewise, mitigation mea-

sures should be allowed to evolve as the channel evolves.

The stream's biological capacity and habitat potential should
be incorporated into the project design. An understanding
of the stream'’s biological characteristics and the effects of a
bank-protection project are essential in order to assess the
habitat impacts and habitat potential of a site and reach. A
detailed discussion of these needs for various species of fish
and wildlife and at various life stages is provided in Appen-
dix G. An annotated bibliography, prepared by the U.S.
Army Corps of Engineers, is also included in Appendix K,
Literature Review of Revetments. It describes biological

effects due to stream channelization and bank stabilization.
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The most elegant bank-protection so-
lution mitigates by avoiding habitat
impacts and, in fact, restores or en-
hances habitat.

Avoiding the Impact

If a project requires a federal permit from the Corps of
Engineers, the Federal Memorandum of Agreement called,
“Memorandum of Agreement between the Environmental
Protection Agency and the Department of the Army
Concerning the Determination of Mitigation under the
Clean Water Act, Section 404(b) () Guidelines,” will apply.
The memorandum states “‘the determination of avoidance
requirements will not be based on characteristics of the
proposed projects such as need, societal value, or the nature
or investment objectives of the project’s sponsor.” It is
important to note that the Federal Clean Water Act and
Memorandum of Agreement require that the “least
environmentally damaging and practicable alternative (as
determined by the Corps and EPA) may be permitted.”

Avoidance of impact requires relocation of the proposed
project if:

* alternatives are available for nonwater-dependent
activities that do not involve special aquatic sites, or

e alternatives are available that have less adverse
impacts on the aquatic environment than the
proposed impact site (AMPG-IIA).

When applying for state permits, a project proposal should
have all aquatic resources delineated, and project propo-
nents should examine avoidance alternatives (AMPG-IIA).

Minimizing the Impact

Minimization refers to actions taken on a site to reduce
impacts that will occur to aquatic resources. An applicant
must first demonstrate to the permitting agencies that

complete avoidance of impacts is not practicable.



Compensating for the Impact

For those impacts that are determined to be unavoidable,
The Washington State Department of Ecology poses
seven questions when planning compensation of unavoid-
able impacts (AMPG-IIA):

|. What are the species, habitat types or functions being
adversely affected?

2.Is replacement or reintroduction of the species,
habitat type or functions vital to the health of the
watershed? If so, do they need to be replaced on site
to maintain the necessary functions?

3. If it is determined that on-site, in-kind replacement is
not necessary, are there higher-priority species,
habitat types or functions that are critical or limiting
within the watershed?

4. If both on- and off-site compensatory mitigation is
available, will the species, habitat type or functions
proposed as off-site compensatory mitigation provide
greater value to the health of the watershed than
those proposed as on-site?

5. How will the proposed compensatory mitigation
maintain, protect or enhance impaired functions or
the critical or limiting functions of a watershed?

6. Will the proposed compensatory mitigation have a
high likelihood of success?

7. Will the proposed compensatory mitigation be
sustainable in consideration of expected future land
uses?

For those impacts that are determined to be unavoidable,
the Washington Department of Fish and Wildlife mitiga-
tion policy states that priorities for compensatory
mitigation location and type, in the following sequential

order of preference, are:
* on-site, in-kind;
* off-site, in-kind;
* on-site, out-of-kind; and

e off-site, out-of-kind:;

The department's preference for sequencing alternatives
does not prohibit project proponents from initiating off-
site and/or out-of-kind actions if they are better than on-
site, in-kind actions. Off-site and/or out-of-kind compen-
satory-mitigation activities might be appropriate for
specific mitigation targets as described later in this chapter

under [Compensatory Mitigation Target]
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Mitigation Concepts for No Loss-of-
Habitat Functions

The following concepts are essential to avoiding loss-of-
habitat functions and values when compensatory mitiga-
tion is required. The concepts in this section relate to
compensatory mitigation; they are about rectifying,
compensating or repairing habitat impacted by a project.
The concepts described here have common requirements
related to habitat function, performance standards,
monitoring and adaptive management.

Mitigation for the Duration of the Impact

To avoid loss-of-habitat functions and values, impacts of a
project must be mitigated for as long as they persist. Many
habitat features have finite lives, regardless of whether they
are naturally occurring or constructed as mitigation. Some
specific mitigation features may not be expected to persist
as long as the bank-protection project that they are
intended to mitigate. A habitat feature may fail structurally
or functionally. Ideally, mitigation should be “deformable,” or
adaptive, just as the natural channel is. If compensatory
mitigation fails or deteriorates in function, it should be
modified, replaced or supplemented unless the failure is due
to unanticipated watershed conditions. If full compensatory
mitigation is provided and it continues to succeed, no
additional mitigation is needed. If the natural character and
function of the river or stream return to an impacted site,
mitigation is complete for those elements of the impact.

To avoid loss-of-habitat functions and
values, impacts of a project must be
mitigated for as long as they persist.

Mitigation plans should include clear mitigation objectives
and project-impact and mitigation-monitoring procedures,
as well as a process by which mitigation can modified,
replaced or supplemented as necessary. Monitoring plans
should evaluate the success of mitigation and its duration,
as well as performance standards and adaptive measures
for correcting inadequacies in the mitigation.
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For example, a piece of woody debris placed as a mitigation
feature may over time either be buried in sediment as the
channel migrates away from it, or it may be washed down-
stream and become stranded on a gravel bar: In either case,
is the mitigation still effective? The essential question is
whether the presence of the bank-protection project
precludes the habitat from recovering and whether or not
the debris performed as intended. The buried piece of
debris will still be in place and be effective when and if the
river moves back to it. Whether the mitigation for the
displaced piece of debris is effective or not depends on its
initial purpose and as defined by the mitigation plan. If it had
been placed to supply the channel with debris that is
precluded by the bank protection, then its specific location is
not essential. In fact, it may be more appropriate in its
relocated position. If, on the other hand, the displaced debris
was intended as mitigation for the on-site loss of overhanging
structure and complexity in the bank, then its function may
have failed. Clear objectives of mitigation activities are
essential to the determination of success or failure of the

mitigation.

Reopening Mitigation for Life of the Project

The success and effectiveness of mitigation measures should
be evaluated throughout the design life of the project. Since
mitigation is normally applied for the expected life of a
project, the mitigation should be “reopened” for consider-
ation and revision if the life of the project is extended. In
such a case, mitigation is evaluated and reconsidered almost

as if it were a new bank-protection project.

For the purpose of these guidelines, the “life of the project” is
concluded when the impact, frequency and scale of mainte-
nance, repair or reconstruction activities exceed a predeter-
mined threshold. This threshold can be exceeded even
though the project itself may still functional satisfactorily for its

primary objective.

This means that repair or reconstruction that exceed a
threshold, or replacement of the structure, will reopen
mitigation considerations. This does not mean that additional
mitigation will be required for impacts that occurred earlier in
the life of the bank-protection project. The assumption is that
mitigation was provided for the previous impacts caused by
the existing structure. It does mean that mitigation may be

required for impacts of the project continuing into the future.
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The mitigation reopener determines whether the initial
mitigation for the presence of the project and directly
related development is still effective for the proposed
extended life of the project. If the mitigation is not
adequate, complete mitigation should be a requisite of the
current activity. It's often not realistic or practical to get
full mitigation for the presence of a facility before repairs

must be made to protect life, property and infrastructure.

The following activities would not normally trigger a

mitigation reopener:

* activities that have insignificant impact over time;

* normal maintenance and repair, defined as structural
activity that returns the facility to as-built condition as
long as there is no change in course, current or cross
section; and

* repair of damage due to watershed conditions that
were reasonably unanticipated.

There are two key reasons for reopening mitigation:

|. project reconstruction, and

2. chronic maintenance or repair.

Major project reconstruction and chronic repair of a
project are actions that extend the duration of a project.
They are also logical points at which to reopen the
mitigation plan in order to re-evaluate and/or revise it as
appropriate. Reopening the mitigation plan determines
whether the initial mitigation for the presence of the
project is still effective for the extended life of the project.
If the mitigation is not adequate, complete mitigation
should be a requisite of the current activity. This step isn't
intended to evaluate the adequacy of the mitigation for
past impacts; it considers the adequacy of mitigation only
for the future extended life of the project.

There currently is no detailed protocol for universal and
consistent application of the concepts described here as
“life of the project” and “mitigation reopener’” Develop-
ment of specific thresholds as described in this section and
a clear expectation of the action expected at the end of
the life of the project are needed. The concept of
mitigation for the duration of the impact should only be
applied at this time where consistent, acceptable methods
are available. There are habitat-assessment tools that can

help estimate the duration of impacts and the longevity of



mitigation function. Specific monitoring protocols are
described and evaluated in Inventory and Monitoring of
Salmon Habitat in the Pacific Northwest - Directory and
Synthesis of Protocols for Management/Research and
Volunteers in Washington, Oregon, Idaho, Montana, and British
Columbia, published by the Washington Department of
Fish and Wildlife.'

Three project timeframes should be included as tools and

methods are developed:

| existing projects,
2. projects in the planning and development pipelines, and

3. new projects.

Design criteria for new projects are generally more
conservative and should include mitigation for duration of
the project. It is essential that designers of new projects
incorporate a realistic and thorough environmental
analysis into the early cost/benefit analysis.

Mitigation for Project Reconstruction

Project reconstruction can be a cause for reopening mitigation.
What qualifies as project reconstruction is a matter of scale of
both the project and the impact of its presence.

The following examples define reconstruction that would
cause a mitigation reopener:

* a repair or modification that measurably confines or
constricts the channel beyond the original design or
changes the course, current or cross section of the
channel beyond the original design;

» work that extends the design life of the project,
including reconstruction of the project;

* repair work or structural replacement that is required as
a result of damage from a flood that is greater than the
project was designed to withstand. Hydraulic structures
are commonly designed to withstand a specific lood
recurrence level. They are not expected to be fully
functional or to survive at flood events greater than the
design flow. Such repair and/or replacement work can
be considered to be a new project; and

» work that exceeds a specific design or maintenance
threshold or criteria for the type of facility. For
example, a current standard for new bridge piers is
that they will not require scour protection in their
lifetime. If scour protection becomes necessary, the
design life of the bridge would be over; and mitigation
would be reopened.
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Increased peak events, increased sediment loads due to
upstream land uses or hydraulic influences of nearby
projects may affect the life of a project. The concept of
Integrated Streambank Protection requires that future
watershed conditions be considered in any project design.
Project mitigation should consider the presence of the
project in current and future channel and watershed
conditions. If future conditions were predictable, those
conditions should not lessen the mitigation responsibility
or prevent the mitigation reopener. Anticipation of
watershed conditions more than about 20 years into the
future is not likely practical. A project that does not define
and design for watershed conditions reasonably expected
to occur in the future should not be exempt from
mitigation reopener triggered of damage due to changes
in watershed conditions. Anticipated future conditions

must be clearly defined in mitigation plans.

It is recognized that there are both expected and antici-
pated conditions, and there are unanticipated and
unpredictable future conditions. The further into the
future that conditions are projected, the less certain the
predictions are. Projects would only be expected to
design for anticipated and expected conditions that are
likely to occur within 20 years. City and county planning
departments can assist in providing projections for future
conditions, based on expected rates of growth and
development. In addition, the Washington State Depart-
ment of Natural Resources and private timber companies
have long-term timber harvest projections, and many are
now committed to 50-year Habitat Conservation Plans,

which can be used to determine expected land-use actions.

Mitigation for Chronic Maintenance or Repair

Some level of normal maintenance and repair activity is
expected during the life of most bank-protection projects
and, except for the operational impacts of maintenance
activities, should be mitigated as part of the initial project.
A “chronic” level of repair is defined as that which exceeds
expectations of frequency and magnitude as identified in
the initial project and may indicate that the life of the
project is exceeded. Mitigation should be considered in

this case as if it were a new project.
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The following activities should not trigger a mitigation

reopener as chronic activities:

* normal maintenance and repair, defined as structural
activity based on a normal frequency of work for that
type of facility;

* normal maintenance and repair, defined as structural
activity that returns the facility to as-built condition, as
long as there is no change in course, current or cross
section; or

» damage from large flood events, even if they
are frequent.

Some projects may have maintenance plans that specifi-
cally define normal maintenance expectations. Mainte-
nance plans encourage good design.

When the frequency of an activity exceeds an acceptable
threshold established for a specific types of facility, it
should be considered to be chronic, triggering a mitigation
reopener. Tracking maintenance and repair activities at
facilities is helpful in defining which maintenance activities
are chronic. Chronic levels of some types of activities
should be defined by reach rather than specific location.
For example, a road that encroaches on a channel
migration zone for some distance may be threatened by
bank erosion at muttiple individual locations. The activity
that might be chronic in that case would be the bank-
protection activity along a distance of the road and
include multiple individual erosion sites.

The Washington State departments of Ecology, Fish and
Wildlife, and Transportation are jointly developing
thresholds and examples to help define chronic activity.

In addition to these options, large-property owners or
public agencies might maintain a chronic repair list and a
rotating budget to resolve projects on the list. Chronic
repair projects would automatically be added to the list.
Additional project tracking will be needed to maintain
chronic repair lists. Such lists might also include chronic
needs for maintenance of habitat mitigation features.
Mitigation maintenance would increase the importance of
resolving a chronic problem.
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Probability of Mitigation Success and
Delayed Mitigation

Like bank-protection projects, mitigation work has
inherent uncertainties of success. Some portion of
compensatory mitigation projects will fail structurally;
others will fail in function. Success or failure depends
partially on the quality of design and construction, the
ability of the design to accommodate fluvial processes and
the type and extent of mitigation required. Many mitiga-
tion activities also have a delay until they are fully func-
tional or may function with varying degrees of success
over time. For instance, vegetation planted as mitigation
for loss of cover and food source habitats take years to
develop and become fully functional. This time lag results
in an interim loss of habitat function. A stream may
migrate to or from the mitigation site, resulting in varying
degrees of performance for a specific function.

There are several methods of dealing with the uncertainty
of success and delay of mitigation function:

* mitigation banking,
* monitoring and corrective action,
* mitigation ratios, and

* experimental mitigation techniques.

Mitigation Banking

In some situations, mitigation is required prior to project
construction to ensure its completeness. Successful
mitigation banking eliminates reduces mitigation risk and
delay and might be appropriate to adequately mitigate

project-related impacts.

Sometimes, the mitigation habitat benefit achieved is
actually more than 100 percent. In other instances, it is
impossible to adequately mitigate a project. When
mitigation exceeds success requirements, the project may
receive credits for mitigation and would be considered

mitigation banking.



Monitoring and Corrective Action

It will be necessary to monitor the success of mitigation
and take appropriate corrective action to ensure its
success. Monitoring requirements may be more prevalent
in the future under federal consultation through the

Endangered Species Act. More is included about monitor-

ing in the section titled,|'Maintenance, Adaptive Manage- |

fnent and Monitoring| of this chapter. Specific monitoring

protocols are described and evaluated in Inventory and
Monitoring of Salmon Habitat in the Pacific Northwest -
Directory and Synthesis of Protocols for Management/
Research and Volunteers in Washington, Oregon, Idaho,
Montana, and British Columbia, published by the Washing-
ton Department of Fish and Wildlife.!

Mitigation Ratios

Another way to deal with uncertainties and time lag is by using
mitigation ratios. A project proponent can provide compensa-
tory mitigation at a rate greater than the anticipated impact of
a project with the expectation that a portion of the mitigation
may not be functional. For example, twice as much habitat
might be constructed as mitigation replacement for the
quantity of habitat lost by a project with the expectation that
half of the new habitat may fail either structurally or function-
ally. It is not possible to quantify appropriate ratios for every
type of mitigation activity. Mitigation ratios are applied to
wetland mitigation projects and are based on the proportion
of functional success of previous wetland construction projects.
Applied ratios need to start conservatively. Their accuracy will
be more assured if restoration monitoring is increased and if
there is a high motivation for success. The ratio can also vary
with the construction technique and care of construction,

monitoring and follow-up work.

Mitigation ratio considerations for a specific impact might

include the following questions:

* What is the level of certainty of success of the mitiga-
tion feature for the duration of the impact?

* Is the proposed mitigation technique proven to be
successful or is it experimental?

* What is the level of certainty that the mitigation feature
will be constructed as intended?
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* Is the mitigation feature self-maintaining, and what is the
certainty of follow-up or corrective actions necessary to
maintain full mitigation function?

* What is the time lag between the initial project impact
and the full maturity of the mitigation?

* Wil the mitigation function variably over its life?

* What is the importance of the impacted habitat to the
fish and wildlife that depend on the mitigation? Is the
habitat unique or does it limit productive capacity?

* What is the status of impacted fish or wildlife?

* What is the mitigation target of the project (see
Compensatory Mitigation Tarce] later in this chapter).

It is important to understand that none of the concepts in
this section constitute habitat restoration or enhancement;
they are meant to provide full and complete project
mitigation. In other words, the intent of mitigation banking
and ratios is to prevent loss of existing habitat, rather than to

improve habitat beyond original condition. The section in

this chapter on Compensatory Mitisation Targel may lead to

mitigation objectives of habitat restoration.

Experimental Mitigation Techniques

Some habitat mitigation measures, including some
described in this document, are considered experimental.
Their experimental nature might either be in their basic
concepts or in their specific applications. Either the
structure or its habitat function may be considered
experimental. Experimental measures are encouraged as
long as the risk of structural and mitigation functional failure
are appropriately addressed. These risks are addressed by
applying experimental mitigation to low-risk projects (e.g,
retrofits, restoration, low-resource-value sites, small projects)
and by providing guarantees of mitigation success (e.g,
experimental plan, financial guarantee). The resource
regulatory agencies have final approval for application of

experimental measures.

The Washington Department of Fish and Wildlife Mitigation
Policy requires that if experimental techniques are used, they
must be constructed and proven successful before they can
be counted as mitigation. This essentially says that experi-
mental mitigation techniques can only be used in mitigation

banking situations.
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If an experimental mitigation technique is applied before it is
proven, an experimental plan must be approved by appropri-
ate resource agencies to eliminate the risk of partial or

complete failure. Such a plan must include:

* a contingency plan and a commitment to upgrade, replace,
or supplement the mitigation (if it fails in function or
structure). Specific contingency mitigation and a
commitment of funding and schedule must be de-
scribed. The plan must also include mitigation for the
time lag in case a mitigation technique fails in function.
The commitment must be legally binding such as with a
bond or contract;

* a study plan, which should include specific experimental
goals and objectives and clear success criteria that will be
used to measure success of the mitigation and further
the development or acceptance of the concept. The
study plan should include specific performance stan-
dards, contingencies, experimental process and schedule
to address expectations and actions to address failure;

* a commitment to @ monitoring plan, including baseline
information, reporting and peer critique of findings; and

a closure to the experiment. At the conclusion of the
study, the mitigation should either be accepted or not
accepted as adequate by regulatory agencies agreeing to
the experimental application. The contingency plan is
activated for projects that do not have complete and
accepted mitigation.

Before a technique is accepted as a standard method and
specific design details are provided, a history of monitoring
experimental installations is needed. In the meantime, details
of current design principles of some experimental tech-
nique are provided in these guidelines. Design and mitigation
recommendations are likely to change as new observations
and data become available.

Integrating Mitigation into Bank-
Protection Projects

As described earlier, compensatory mitigation is required
when a project causes damage or risks cauding damage to
or loss of habitat or the opportunity for habitat to form is
impaired. Compensatory mitigation involves the restora-
tion, repair or replacement of habitat that has been
damaged. It also is called for when the opportunity for

habitat to be created is lost due to project activities.
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Compensatory Mitigation Target

A compensatory mitigation target is the condition or
measurable level of performance that must be achieved as
a result of doing the mitigation. Such targets must be
provided for projects that call for compensatory mitiga-
tion. Compensatory mitigation targets are to be set and
implemented only after the avoidance and minimization

mitigation approaches have been exhausted.

A compensatory mitigation target is the
condition or measurable level of perfor-
mance that must be achieved as a re-
sult of doing the mitigation.

There are four general targets for compensatory mitigation:

| improvement of factors within the watershed that limit
fish and/or wildlife production,

2. restoration of properly functioning habitat,
3. replication of current natural conditions, or

4. restoration or replacement of preproject conditions.

The sequence of the list reflects a decreasing extent of
analysis and needed information.

Mitigation targets vary in scope from an entire watershed
down to specific site conditions. Mitigation targets might also
vary depending upon the objectives and authorities of the
agencies that issue the permits to work in stream channels.
The ability to take action based on concepts like channel
processes, lost opportunity and potential productive capacity
differ depending on the mitigation target applied to a project.



Improvement of limiting Factors

The Revised Code of Washington (RCW 75.46) defines
limiting factors as “‘conditions that limit the ability of habitat to
fully sustain populations of salmon.” Taking steps to reduce the
effects those limiting factors have on habitat can increase the
functionality and restore the productivity of a reach or basin.
Considering limiting factors in mitigation design allows
innovative mitigation that can affect productive capacity.
Enhancement of limiting factors would increase the function

that is limiting to productive capacity of a reach or a basin.

The Washington State Conservation Commission is doing
formal analyses of limiting factors for salmon in Washing-
ton watersheds? Completed analyses are available for a
small number of watersheds. Limiting factors are often
identified as a suite of factors rather than a single factor
that limits productivity. Limiting-factor analyses are key to
a successful mitigation design but not all that is needed.
Limiting factors might change over time as conditions

change and new information is gained.

There are several ways limiting factors might be applied to
mitigation planning, including directing mitigation at the
limiting factor regardless of the type of habitat affected by
a project. For example, impacted spawning habitat might
be compensated through buying water rights that will
result in lower water temperatures. Alternatively, mitiga-
tion for impacts to limiting factors might be at a ratio
greater than what is applied to factors that are not limiting
since the risk to productive capacity is greater: Limiting
factors tends to focus on a single genus or species instead
of broader ecological values and muttiple species. Even if
just one species or species habitat is targeted, impacts to
other species should be addressed as well. Mitigation that
supports natural channel processes is by far preferable to
mitigation that forces a stream channel into an unnatural

pattern or creates artificial conditions.

The implications of off-site mitigation should also be
understood. There is some risk of not mitigating for
specific habitat lost until eventually that habitat becomes a
limiting factor itself. Any compensatory mitigation done
off-site has the likelihood of impacting habitat and must

also be part of the project mitigation requirement.
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This type of mitigation might be off-site and/or out-of-
kind. This target works best in the following circum-
stances, adopted from the Alternative Mitigation Policy
Guidance - Interagency Implementation Agreement
(AMPG-IIA):

* limiting factors are understood either by formal or
informal analyses,

* greater limiting or critical functions can be achieved
off-site than is possible on-site,

* adversely affected functions are of low quality,
* there are no reasonable on-site opportunities,

* on-site opportunities do not have a high likelihood of
success due to development pressures or adjacent
impacts to the compensatory mitigation area, or

* off-site enhancement and restoration opportunities
have a higher likelihood of success than on-site options.

Mitigating limiting factors requires a way of valuing one
habitat type relative to another. What is the value (habitat
value as well as cost) of a unit of nonlimiting habitat (e.g.,
spawning habitat) compared to the value of a unit of
limiting habitat (e.g., water temperature) that is built as
mitigation? Providing additional rearing habitat that
currently limits productive capacity might compensate
impacted spawning habitat. It also requires specific
methods of quantifying existing habitat. Both of these
issues are explained later in this chapter, in the section,
Quantifying Mitigation Needs.

Properly Functioning Habitat

An analysis of properly functioning habitat focuses on the
specific reach or site affected by a project. This concept is
included in these guidelines because the National Marine
Fisheries Service suggests using a similar process in its
assessment of whether a project will “take” (contribute to
elimination of) an endangered species.® The process
evaluates each component of the existing habitat compared
to numerical standards that define the habitat as functional
or nonfunctional. It is expected that a project will not have
an impact if it doesn't move the characteristic out of the
preferred range. A project design is said to be preferred
when it moves a characteristic into the desired range. For
example, a project might not be allowed that would
increase the fine-sediment composition of a spawning bed
to a level greater than the defined deleterious threshold.
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Mitigation might be done by increasing the function or
quantity of a habitat. In effect, lost habitat is mitigated by
replacing it, resulting in properly functioning habitat. Where
water quality does not comply with properly functioning
habitat standards, water-quality improvements might be

made as mitigation for loss of spawning habitat.

Just as in the limiting-factors analysis, this process implies
understanding a relative value of one habitat type in relation
to another; providing additional rearing habitat where it is
not functioning properly might compensate impacted
spawning habitat. It also requires specific methods of
quantifying existing habitat.

This type of mitigation is out-of-kind and may be either on-
site or off-site mitigation. This target might be appropriate
in the following circumstances adopted from the AMPG-IIA:

* when the resources adversely affected provide
minimal desirable function, and they are neither
limiting for a special species nor determined limiting
within the watershed (Special species are identified in
the AMPG-IIA as “plants or animals listed by the state
or federal government as threatened or endangered and
those that are candidates for listing. It also includes the
priority habitats and species designated by the
Washington Department of Fish and Wildlife and those
species designated as species of local concern under the
[Washington State] Growth Management Act.””); or

* when out-of-kind functions are critical or limiting
within the watershed and provide a net gain for the
resources of the watershed.

As discussed with limiting factors, mitigating functional
habitat require methods for quantifying habitat and a way
of valuing one habitat type in relation to another. Both of
these issues are explained in this chapter under the
section of this chapter titled Quantifying Mitigation Needs.

Replication of Current Natural Conditions

This is the process of copying at the project site the
channel of a nearby undisturbed reach. A reach is
identified with the same or similar hydrologic, sediment,
geologic and climate conditions and it is replicated at the

project site.
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“Undisturbed” habitat is assumed to be noneroding, which
may not be possible at the project site. If the entire reach is
evolving to a changed hydrology, erosion might be the natural
condition. It's important to capture channel function when
characterizing a representative reach. To fully characterize the
representative site, physical features that are characterized
and replicated might include rates of channel migration and

rate of recruitment of sediment and debris.

This target is useful where land uses at the project site
have obliterated the natural channel characteristics or
where there is not information regarding condition of the

habitat or habitat limiting factors.

This type of mitigation is on-site and out-of-kind. This
process might be appropriate in the following circum-
stances adopted from the AMPG-IIA:

* when resources adversely affected provide minimal
desirable function and are not considered limiting, or

* when out-of-kind functions are critical or limiting
within the watershed and provide a net gain for the
resources of the watershed.

Restoration or Replacement to Preproject Conditions

A traditional approach to mitigation is to restore a habitat
feature of the same type that is lost as a project impact. This
approach is commonly used because it requires the least
amount of information for application. There is no need to
understand the habitat loss of a project; the same physical

features are simply mapped and replicated in the mitigation.

Exact duplicate features are not necessarily created.
Restored features should include substrate, channel shape,
unique features, and depth and flow of water: They must be
mitigated to be naturally self-maintaining and/or self-
generating as the initial habitat was. The intent is to restore

or replace functions rather than replacing specific features.

This concept does not account for potential productive
capacity or future conditions by consideration of either
limiting factors or functional habitat. It tends to perpetu-

ate existing degraded habitat.



Such an approach is, however; useful for simple and small-scale
projects or where there is not information regarding condition
of the habitat or habitat limiting factors. No information is
needed other than characteristics of the preproject channel
that can be restored at the site within the project. If not
applied appropriately, this concept leads to static constructed
habitat with little regard to the natural channel function. If
applied appropriately, it is applicable in pristine habitat. Applica-
tion of this at sites that were affected directly or indirectly by
development or land use is usually not appropriate since it only

preserves a deteriorated condition.

This type of mitigation is on-site and in-kind. This target applies
but is not limited to the following circumstances adopted from
the AMPG-IIA:

* the on-site location is critical for protecting or
replacing important location-dependent functions
that are lost due to project impacts;

* the location or natural conditions on a site play a key
role in larger watershed functions and health, or they
are important to a special species;

* the on-site location has a high likelihood of success
and will not be influenced by adjacent development
pressures;

adversely affected functions are limiting within the
watershed and are vital for replacement;

adversely affected functions are critical to the
continued health of the watershed or of a special
species; or

adversely affected functions are of high quality and
should be replaced.

On-site and in-kind mitigation may be required in other
circumstances as determined by site-specific needs or at
the discretion of the permitting agencies.

Quantifying Mitigation Needs

Several of the targets described in these guidelines require
methods of assessing the quality and quantity of existing
habitat at a site, habitat and channel characteristics of a
representative reach and monitoring constructed habitat.
The methods developed under the Timber-Fish-Wildlife
(TFW) management system in Washington State for
ambient monitoring are probably among the most recent
and most quantifiable. The TFW Monitoring Program at
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Northwest Indian Fisheries Commission and the Washing-

ton State Department of Natural Resources Forest
Practice Division publishes methods manuals.* The
AMPG-IIA recommends “project impacts and mitigation
success should be measured with the Habitat Evaluation
Procedure, the Washington State Wetland Functional Assess-
ment Method, photographic documentation, or other methods
acceptable to the permitting agencies.” The physical surveys
the Washington Department of Fish and Wildlife uses for
habitat assessment above fish-barrier culverts may be
acceptable as a minimal approach for smaller projects.
That method is described in the agency’s Fish Barrier
Assessment and Prioritization Manual®>  Specific habitat-
monitoring protocols are described and evaluated in
Inventory and Monitoring of Salmon Habitat in the Pacific
Northwest - Directory and Synthesis of Protocols for Manage-
ment/Research and Volunteers in Washington, Oregon, Idaho,
Montana, and British Columbia, also published by the
Washington Department of Fish and Wildlife.!

None of these methods identify concepts such as future
conditions, lost opportunities and habitat diversity. For
bank-protection projects, habitat-assessment methods
should identify debris and sediment sources, flood refuge,

and habitat complexity and diversity.

There are recognized standard methods for assessing
biological diversity. Biological diversity is the number of
species in an area and includes a measure of the variety of
species in a community and the relative abundance of
each species. These methods might be modified to
provide mitigation evaluation tools but will not provide
the right information for habitat assessment for the

purpose of mitigation design.

Several of the mitigation targets described in these
guidelines require a way of valuing one habitat type relative
to another. What is the value (habitat value as well as cost)
of a unit of habitat that does not limit productive capacity
compared to the value of a unit of limiting habitat that is
built as mitigation? For instance providing additional rearing
habitat where productive capacity is currently limited might

compensate impacted spawning habitat.
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One way to assign mitigation a financial value is to state it in
terms of avoided costs. In other words, what actions were
avoided by doing the mitigation, and what would those
avoided actions have cost? The estimated cost of mitigating for
the specific habitat lost could be applied to another habitat
type. For example, the cost of replacing spawning habitat
could be estimated and then that amount could be applied to
the acquisition of water rights if that action were appropriate
for either limiting factor or functional habitat mitigation.

EMERGENCY BANK PROTECTION

There are two types of emergency bank-protection
projects. The first is the flood fight—actions taken during a
flood to address the immediate threat of erosion during a
flood. The second activity is bank repair after the flood—
often with the risk of additional floods in the near future.

Most emergencies involving bank failure along streams and
rivers occur during floods, when water levels are high and
erosion occurs. Inundation and poor weather reduce
visibility and complicate access for people and equipment.
When a stream or riverbank is failing during such condi-
tions, the key questions that arise are:

* Are immediate bank-protection actions during the
flood prudent, necessary and effective?

* What bank-protection measure will work best to
solve the emergency problem and can be imple-
mented during high water conditions, safely, without
high cost and impacts to the site?

* What materials are immediately available for bank-
protection work?

What are the best ways to physically implement the
bank-protection measures during high water and
poor weather conditions?

* What permits are required to do bank-stabilization
work, and can they be expedited?
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What Constitutes an Emergency?

Federal, state and local regulatory and resource agencies
have differing jurisdictions and regulations for emergency
bank stabilization during floods. The differing definitions
and authorities can be especially confusing while in the
throes of a flood fight.

Most agencies require approval of activities prior to con-
structing emergency bank protection. Washington State law
(RCW 75.20.100(5)) regarding Hydraulic Project Approvals
(HPAS) issued by Washington Department of Fish and
Wildlife has specific language defining emergency situations
and response to them:

“(a) In case of an emergency arising from weather or
stream flow conditions or other natural conditions, the
department, through its authorized representatives, shall
issue immediately, upon request, oral approval for
removing any obstructions, repairing existing structures,
restoring stream banks, or to protect property threat-
ened by the stream or a change in the stream flow
without the necessity of obtaining a written approval prior
to commencing work. Conditions of an oral approval to
protect fish life shall be established by the department and
reduced to writing within thirty days and complied with as
provided for in this section. Oral approval shall be granted
immediately, upon request, for a stream crossing during an
emergency situation.

(b) For purposes of this section and RCW 75.20.103,
“emergency” means an immediate threat to life, the
public, property, or of environmental degradation.

(c) The department or the county legislative authority may
declare and continue an emergency when one or more
of the criteria under (b) of this subsection are met. The
county legislative authority shall immediately notify the
department if it declares an emergency under this
subsection.

The Washington Department of Fish and Wildlife has
adopted specific procedures to deal with emergency HPAs:

Verbal request. Determine if an emergency per
75.20.100(5) exists; if it does, make site visit if possible
and issue a HPA on site, otherwise gather details over
phone, and give verbal conditions for limited amount
of work that are specifically necessary to address the
emergency; put verbal conditions into written HPA
within 30 days for record; if no, determine if the
situation meets requirements for an expedited HPA
per 75.20.100(3). If yes, require written application
(may receive at site visit) and issue HPA within 15 days.



Written request - Determine if it meets emergency or
expedited requirements. If it meets emergency
requirements, contact person, make site visit, and
issue an HPA on site; if the request meets expedited
HPA requirements, visit site and issue within 15 days.

Designing and Installing Bank Protection
During Emergency Conditions

Design and installation of bank protection during high
water is difficult. Emergency installation is more costly
than during low-water conditions because access is more
difficult, timing is more immediate, there are fewer options
for treatment and use of materials is generally less
effective. Emergency situations can also cause an in-
creased cost for mitigation since damage from an emer-
gency project is usually greater, and equipment re-
mobilization is required for post-project mitigation.
Project impacts for emergency work have to be mitigated
just as they are for projects with normal timing. It is,
therefore, important to minimize impacts during project
installation because it is likely that mitigation will already
be more difficult and costly. Under emergency scenarios,
the tendency is to act to protect a bank regardless of the
existing trees and other vegetation. Keep in mind,
however, that these same trees and vegetation may
naturally provide bank protection once the emergency
subsides. Such vegetation also reduces the future need
for bank stabilization. When it comes to habitat, preserv-
ing existing vegetation also assists in mitigation efforts
because it provides important riparian habitat. Therefore,
vegetation should be protected even if it offers no

immediate stabilization value.

Project impacts for emergency work
have to be mitigated just as they are
for projects with normal timing.

Since many bank-instability problems show initial evidence
during low flow, it's a good idea to develop a contingency

plan prior to the advent of an emergency.
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Safety of those installing bank stabilization is another
important aspect of emergency protection. Working
adjacent to flood waters is dangerous. Deep water; fast,
unpredictable currents; rapidly rising water levels; floating
(or subsurface) debris and woody material all contribute

to the extreme hazard.

Emergency Bank-Protection Techniques
Floods tend to impose their own set of complexities and

limitations on bank-protection projects:

* Placement, anchoring and constructability during high flows;
* visibility below the water surface is obscured;

* equipment access may be limited;

* the site can't be drained; and

* safety issues are very real but unpredictable.

A typical bank-protection request during a flood is to dump
large rock from the top of a bank. Such actions get in the
way of other immediate and future creative solutions such
as composite banks or vegetated revetment unless they are
permitted strictly as temporary emergency work, with the
requirement to remove and replace the work with more
appropriate measures at the next appropriate work
window. Deep water doesn't allow visibility below the
water surface. Thus, when working in deep water; it is
difficult to know where the dumped rock landed, how it is
oriented and what its effect is. Another problem that arises
in taking this type of emergency action is that, often, more
rock is used than is necessary. To complicate installation,
saturated bank conditions make heavy equipment access

difficult, if not impossible.

Techniques suitable for emergency conditions are discussed
in Chapter 5 and in the descriptions of specific techniques
in Chapter 6, Techniques. Those featured include exposed
and buried groins, anchor points and avulsion-prevention
techniques in the floodplain, such as placement of debris or
roughness. Dumped rock is also feasible but should be
considered only after all other options have been ruled out,
including those that would disturb the riparian zone less or
require less rock and/or are easier to modify during the
project follow-up. Placing bank-protection measures that
immediately fail can exacerbate the problem, increasing the

extent or rate of additional bank failure.
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Follow-Up Work After Installation of
Emergency Bank Protection

Some level of follow-up work is after required after
installation of emergency bank protection and after
floodwaters have receded. Follow-up can range from
simple (such as re-seeding of disturbed areas) to extensive
(removing dumped rock and replacing it with a more
suitable and environmentally acceptable alternative).
Every project built under an emergency HPA should be
studied after the flood has receded, and a follow-up
report should be developed by the applicant and inter-
ested agencies. The following are questions to ask
following emergency bank-protection actions:

* Is the bank-protection technique consistent with
concepts described in these guidelines?

* Are fish and wildlife habitat impacts fully mitigated?
What is necessary for full mitigation?

* What site cleanup is needed? Are there unused
materials left around the site?

* What should be done in terms of revegetation of
disturbed ground, either by seeding or planting of
shrubs and trees?

Should the bank-protection measure be adjusted to
function better or reduce habitat impacts, for
example, to change the shape and extent of placed
rock?

* Are the transitions of the treatment into adjacent
stable banks adequately installed?

 Can habitat and vegetation be added to the treat-
ment to reduce any adverse environmental impacts?

Overall, will the bank protection continue to function
in the future, or should it be adjusted, redone or
removed! If, after-the-fact design analyses were
undertaken, would the bank protection meet the
stabilization objectives and design criteria?

MAINTENANCE, ADAPTIVE MANAGEMENT
AND MONITORING

Streambank stabilization requires maintenance. Because
streams are dynamic and many bank-protection measures
include living plants and biodegradable material, the
potential is high for stabilization measures to change in
some way over time and through flood events. The only
way that such changes can be observed is through a

monitoring program (see Appendix J, Monitoring).
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Streambank-protection measures do not function in a static
setting. Typical changes might include: migrating meander
forms; adjustments to water and/or sediment supply from
upstream; and impacts to vegetation survival from on-site
land use. These changes are gradual and sometimes
imperceptible to the casual observer; until a high-flow event
occurs, when change may be sudden or even catastrophic.
To ensure that bank-protection measures do not fail, it is

important to establish a formal monitoring program.

Monitoring of bank-protection measures typically involves
an intensive period of evaluation during the first few years
after a project has been installed. After that, a less intensive
evaluation is acceptable. Monitoring a project site two or
more times during the first few years, when vegetation is
re-establishing and the protection measures are less tested,
is especially important where the bank-protection measures
rely heavily on plants to provide long-term stabilization.
After vegetation has been established, monitoring once a

year, or every other year is adequate.

The level of cost and risk associated with a project dictates
the appropriate level of monitoring. Costly, high-risk
projects require a detailed monitoring plan that identifies
what should be measured, and how and when it should be
measured. A small-scale project might simply involve
developing a photographic record from one or more
established photo points. A monitoring plan might include:
taking photos, measuring bank and channel cross sections,
measuring plant densities and species composition, assessing
fish habitat, and estimating fish use. For a more detailed

discussion on monitoring, see Appendix .

If monitoring indicates that a bank-protection measure is
not meeting design criteria, then adjustments can be made
to ensure the continued long-term function of the
treatment. Such maintenance is called “adaptive manage-
ment,” because it identifies over time what changes might
have occurred and what needs to be done. Adaptive
management for streambanks involves maintaining
appropriate vegetation, ensuring that toe protection
remains intact and watching transitions from treatment to
non-treatment along a bank to make sure they do not
weaken and become prone to failure. It may involve
planting trees, or pruning trees that have become too big.

Severe pruning and tree felling to prevent tree throw



should only be done where there is a limited riparian
corridor, no opportunity for the corridor to be widened
and a high risk of further erosion. Adaptive management
may involve installing a different kind of bank protection
should the original treatment fail. For example, if an
attempt to rely solely on vegetation did not work, then a

treatment with more rigid materials might be required.

For descriptions and evaluations of specific habitat

monitoring protocols, refer to Johnson, et al.'

CONCLUSION

There may be significant consequence, productive or
destructive, to any treatment that may be applied to rivers
and streams. Determining those consequences, weighing
them against risks to habitat and safety of people and
property is crucial in selecting a treatment that is most
effective. In Chapter 5, we'll explore how to identify and
select the most appropriate treatment(s) to meet the
particular circumstances present.
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fapter 5

Identify and Select Solutions

his chapter integrates the information provided in
previous chapters to identify and select preferred treat-
ment alternatives. The key points made in the previous
chapters are reinforced in this chapter, including identifying
the mechanisms and causes of failure, defining design
criteria, considering mitigation, and evaluating “no action”

alternatives. Additionally, this chapter will help the reader:

* become familiar with the concept of integrating the
results from the site and reach assessments into the
selection of streambank-protection treatments,

* make use of a series of matrices for identifying and
selecting appropriate bank-protection techniques,

* review three case studies that demonstrate how to
use the screening matrices,

* explore further techniques that may be appropriate
for resolving common site- and reach-based
erosion problems, and

* incorporate design considerations to guide the
selection of a treatment solution.

Chapter 5



PRESELECTION CONSIDERATIONS

Identifying the Mechanisms and Causes of Failure
Identifying suitable bank-protection atternatives begins with
understanding the specific mechanisms of failure at a project
site (Chapter 2, Site Assessment), as well as the reach-based
causes of bank instability (Chapter 3, Reach Assessment).
These site- and reach-based causes of bank erosion may be
simple and discreet, or they may be highly interdependent
and difficult to separate. Nonetheless, it is only through the
process of identifying mechanisms and causes of failure that

appropriate solutions can be developed.

[t's important to consider a number of reach-wide
factors when designing streambank-protection measures,
including whether a project reach is in short-term or
long-term disequilibrium. Where instability is caused by
problems that extend throughout the watershed, then
the selection of bank-stabilization measures needs to
account for these conditions. For example, where a
reach is degrading, bank protection must either account
for the effects of scour (if the channel bed continues to
drop), or it must prevent further degradation by some

means (such as an at-grade bed control).

Obijectives and Design Criteria

In order to identify and select appropriate bank-protection
techniques, it is necessary to develop a series of design
criteria that quantify the general project objectives (Chapter
4, Considerations for a Solution). These criteria, which take
into consideration risk and cost and line up according to
relative priority, are intended to outline the objectives of the
project and provide the foundation for making design
decisions about the specific sizes and components of bank-

protection techniques.

Mitigation

Every bank-protection project should be evaluated with
respect to potential mitigation requirements. Avoiding
impacts completely should be the first consideration before
designing a project. If impacts are unavoidable, they should
be minimized, and compensatory mitigation will be
necessary. The preferred approach is as follows:

* First - avoid impact,
* Second - minimize and compensate for impacts, and

* Third - compensate for the impacts.
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Chapter 4 addresses mitigation requirements in more detail.

No Action

When identifying an appropriate bank-protection tech-
nique, keep in mind that the best course of action for a
stream might be to take no action at all (Chapter 4).

After considering the forces causing streambank erosion, it
may become apparent that this natural process is too
difficult or costly to arrest or change, or that the system-
wide disequilibrium is too extensive to control locally. It
might be more cost-effective to reduce or eliminate the
need for bank protection at all. For example, if a migrating
river channel threatens a structure, it might require less
expense, effort and impact to move the structure a safe

distance from the river than to apply bank protection.

It might be more cost-effective to
reduce or eliminate the need for
bank protection at all.

SELECTION PROCESS

A series of matrices are provided in this chapter to assist
in identifying and selecting bank-protection and habitat-
mitigation techniques. What matters most in selecting
treatments is the specific site- and reach-based aspects of
each individual project, so special care should be taken in
evaluating these aspects before selecting treatments. Be
sure to review Chapters | through 4 to learn how to
assess site and reach conditions and other design consid-
erations before selecting a bank-protection technique for
a specific site. Doing so will help determine the most
appropriate and successful course of action. You'll find
more detailed information about the bank-protection
techniques identified in this section in Chapter 6, Tech-
niques. It is not at all unusual to find that combining two
or more streambank-protection techniques produces
more successful results, depending upon the goal to be
achieved, different functions at play or different effects on
habitat. Given the opportunities to combine these
treatments, it is important to encourage creativity in
designing bank protection, as long as design criteria are met.



Be sure to take the time to review the three case studies that
follow the discussion on the screening matrices. They will
help demonstrate the selection process using the matrices.

BANK-PROTECTION TECHNIQUES

The various bank-protection techniques described in
these guidelines have been divided into functional groups,
making it easier to determine the applicability of particular
bank-protection techniques for differing site and reach
conditions. Table 5-1 lists each of the techniques, which
are described in detail and by category in Chapter 6,
Techniques. These groups include:

* no action,

* instream flow-redirection techniques,

* structural bank-protection techniques,

* biotechnical bank-protection techniques,
* internal bank-drainage techniques,

* avulsion-prevention techniques, and

* other techniques.

Flow-Redirection Techniques influence the flow patterns and
hydraulics of a stream in order to reduce the erosive
forces acting on a bank or bed. The changes in hydraulics
involve shifts in flow distribution across the channel,
average velocity in the cross section, or distribution of
energy. Instream flow-redirection techniques involve
placing materials within a channel, rather than strictly along
a bank. These techniques directly and/or indirectly affect

channel cross-sectional shape, erosion and deposition

patterns, channel roughness, and hydraulic slope and
capacity. The risks of these changes to adjacent property
must be fully understood and appropriately managed
before attempting such projects. If proper care is not
taken to fully understand potential impacts, unintended
damage to property can be severe.

Structural Techniques directly affect the structure of the bank
to shield it from scour; strengthen it or structurally support
it. For bank protection, structural techniques include rock
and log toes and revetments. For bank strengthening and
support, log cribwalls can be used. Structural support and
strengthening are often combined with biotechnical bank-
protection techniques to provide a stable foundation that

allows installed vegetation to survive.

Biotechnical Techniques use vegetation and wood to
reproduce the natural system and to provide structural
and surface erosion protection. For the purposes of this
document, biotechnical techniques are defined as consist-
ing of entirely biodegradable components (for example,
natural-material erosion-control fabrics, willow cuttings
and large woody debris). One major benefit of
biotechnical techniques over structural techniques is that
vegetative methods are self-healing. That is, vegetation
continues to grow, and large, woody material continues to
be contributed as it falls into the stream. In an ecologically
diverse and productive river system, its banks and channel
will contain many pieces of large woody debris, and
vegetation will be densely distributed along the banks.

No Action

Flow-
Redirection
Techniques

Structural
Techniques

Biotechnical
Techniques

Internal Bank-
Drainage
Techniques

Avulsion-
Prevention
Techniques

Other
Techniques

Allow bank
erosion to
continue

Move structures
at risk

Groins
Buried groins
Barbs

Engineered
log jams

Drop structures

Porous weirs

Anchor points
Roughness trees
Riprap

Log toes

Rock toes

Log cribwalls
Manufactured

retention
systems

Woody plantings

Herbaceous
cover

Soll
reinforcement

Coir logs

Bank reshaping

Subsurface
drainage systems

Floodplain
roughness

Floodplain
grade control

Floodplain flow
spreader

Channel
modifications

Riparian-buffer
management

Spawning-
habitat
restoration

Off-channel
spawning and
rearing habitat

Table 5-1. Bank-protection techniques organized by functional group.
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Biotechnical techniques mimic this condition. Vegetation
and wood provide shade for temperature control as well
as serve a food source and cover for fish and wildlife.
They also cause pools to scour, resulting in improved fish
habitat. A combination of biotechnical, flow redirection
and structural techniques are typically used in bank-

protection projects.

Internal Bank-Drainage Techniques are methods that
provide for water to drain from within a streambank,
whether caused by rapid drawdown or seepage from
groundwater. These techniques are typically integrated
with structural and biotechnical techniques and are

seldom used independently.

Avulsion-Prevention Techniques reduce the potential for an
avulsion, rather than providing a remedy once one has

occurred. Avulsion-prevention techniques distribute and
dissipate flood flows and prevent headcut development

across a vulnerable floodplain area.

Channel Modification Techniques are used to change the
channel geometry and/or planform to provide for more
natural and stable conditions. Channel modifications can be
designed to account for changing watershed conditions,
such as sediment and flows, and to improve aquatic habitat
in reaches of the channel that have been impacted.
Channel modifications require an understanding of site- and
reach-based conditions, and a thorough design approach.
An abbreviated discussion of channel modifications can be
found in Chapter 6.

Riparian-Buffer Management Techniques provide cover and
shade, a source of fine or coarse woody material, nutri-
ents, and organic and inorganic debris - all of which are
essential for river and stream ecosystems function.
Riparian buffers also provide habitat for wildlife, especially
migrating and breeding birds. Examples of riparian-buffer
management techniques include: conservation easements,

fencing livestock out of the riparian zone and plantings.
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SELECTING BANK-PROTECTION METHODS
USING SCREENING MATRICES

One of the most difficuft but important aspects of the
design process involves moving from identifying the
mechanism and causes of failure to the selection of an
appropriate solution. To provide a tool for people with
varying levels of experience, three screening matrices are
presented. The matrices are configured to assist in
selecting treatments that:

* perform adequately to meet bank-protection objectives;

* are appropriate with respect to site-based and reach-
based processes;

* are properly weighed against their potential impacts
to habitat; and

* are selected in an order of priority that first avoids, second
minimizes, and third compensates for habitat impacts.

The three matrices act as progressively selective screens,
or filters, of bank-protection techniques. Within each
matrix, the techniques have been arranged according to
their functional groups (no action, instream flow-redirec-
tion, structural, biotechnical, internal bank drainage,
avulsion- and chute-cutoff prevention, and other).

With each subsequent matrix, inappropriate techniques
are progressively “screened out” by process of elimination,
leaving an assortment of feasible treatment options.

One of the most difficult but important
aspects of the design process involves
moving from identifying the mechanism
and causes of failure to the selection of
an appropriate solution.

Screening Treatments Based on Site Conditions
Matrix | (see Figures 5-1a and 5-1b on pages 5-9 and 5-

[ 0) identifies several bank-protection techniques that
should be considered in resolving the mechanisms of
failure occurring at your site. It also identifies whether the
no-action option should be considered. Start by identify-
ing the mechanisms of failure that apply to your site. (In
Matrix |, see the columns “Is This Occurring at My Site?"

and “Mechanism of Failure.”)



In the first column, check (“\’) each mechanism of
failure that is occurring at your site. If you are not sure

about a particular mechanism of failure, read Chapter 2.

Matrix | identifies several bank-protec-
tion techniques that should be consid-
ered in resolving the mechanisms of
failure occurring at your site. It also
identifies whether the no-action option
should be considered.

Next, look across the row for each identified mechanism of
failure, and circle all the techniques that are rated as“Good"
at resolving this failure. (If there are no techniques rated as
“Good,” then select those rated as “Fair’") These are
techniques that may be good options for your site. Do this
for each type of failure you have identified. At the bottom
of the matrix, sort through the techniques you've circled,
identifying those that appear to best meet your site-based
needs. Where there is more than one mechanism of failure,
select the dominant mechanism and identify techniques
repeatedly circled as “Good" (or those marked “Fair” if no
“Good” options apply) that apply to it. Place greater weight
on these techniques in the selection process.

To indicate which techniques are suitable and which are not,
mark each technique that best meets your site-based needs
in the bottom row with a ““S” for suitable; mark those that
are unsuitable with a“U." These unsuitable techniques may
need to be revisited if the remainder of the screening
process does not result in an acceptable choice.

Screening Treatments Based on Reach Conditions
Matrix 2 (see Figures 5-2a and 5-2b on pages 5-1 | and 5-
[2) is used to identify bank-protection techniques that
apply to the reach-wide conditions of the stream at your
site (see Chapter 3). Begin by transferring the bottom
row of Ss in Matrix | (in the row called “Suitability of Each
Technique”) to the first row in Matrix 2 (in the row also
called “Suitability of Each Technique”). Take care to ensure
that the Ss correspond to the same technique in each
matrix. Check (‘“\") the first column adjacent to the
reach-based conditions that describe your site. If you are
not sure which may apply, read Chapter 3. Now, based on
the screening thus far; only those rows where you placed a
“\""and those columns where you placed an S should
relate to your site. Read across the checked rows, circling
all the techniques rated "Good" that you marked with an
S (circle those rated as “Fair” if there are not any “Good”
options available). Here, consider only those techniques

that apply to both conditions at your site.

Matrix 2 is used to identify bank-
protection techniques that apply to
the reach-wide conditions of the
stream at your site.

At the bottom of Matrix 2, sort through the techniques,
identifying those that appear to best meet your needs.
Where there are multiple reach-based conditions at work,
focus on the dominant condition and identify those
techniques that are repeatedly circled as “Good” (or those
marked “Fair’” if no “Good” options apply). Place greater
weight on these techniques in the selection process.

For those techniques that rank as suitable, mark them in
the bottom row with an S. Those that are not suitable
should be marked with a U. Here again, those techniques
marked as unsuitable for now might need to be revisited if

the screening process does not result in an acceptable choice.
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Selecting Treatments Based on Habitat Impacts
The suitable techniques carried over from Matrices | and
2 are acceptable for your project based on specific site
and reach conditions. Matrix 3 (see Figures 5-3a and 5-3b
on pages 5-13 and 5-14) identifies the potential habitat
impacts that these techniques might cause. It also
identifies compensatory mitigation techniques for these
impacts. The objective is to combine, or integrate, two or
more techniques in order to achieve site-stability objec-
tives, while avoiding or minimizing impacts to habitat. For
a discussion of habitat and mitigation policies, objectives
and targets, read Chapter 4. For the protection of fish
habitat, mitigation sequencing must be used in the
selection of the bank-protection technique. The sequence
of mitigation activities is first to avoid the impact and,
second, to minimize and compensate for any impacts that

are unavoidable.

Matrix 3 identifies options that will avoid and/or minimize
impacts and those that will compensate for losses.

The matrix lists bank-protection and compensatory
mitigation techniques in the top row. Habitat functions
are listed in the left column: riparian function, cover,
spawning, complexity and diversity, lost opportunity,
construction and flood refuge. These functions are
described in Chapter 4.

Matrix 3 identifies the potential habitat
impacts that these techniques might
cause. It also identifies compensatory
mitigation techniques for these impacts.

Chapter 5

Matrix 3 is constructed to reflect the mitigation sequence.
The letter "A” (avoid) is shown in each cell for the
techniques that generally avoid impacts to the habitat
function of that row. Choices that impact habitats are
marked as: " for low-impact,“M" for medium-impact and
"H" for high-impact. Realize that there will be many
situations that are exceptions from the matrix, due to
specific habitat requirements or unique site conditions.

If this is the case for the site under consideration, then
describe the unique or special conditions and how they

are accommodated.

To begin using Matrix 3, transfer the treatments marked
with an S on bottom row of Matrix 2 to the first row of
Matrix 3. If there are no suitable techniques that avoid
impacts, look for techniques that minimize impacts, first
considering techniques that have low, then medium and
then high impacts, in that order. For every low-, medium-
or high-impacting technique, you must provide a tech-
nique that compensates for the impact. Techniques that
compensate for a particular habitat function are identified
with a“C" in the rows under “Mitigated By."

Many specific techniques have a mix of C's, L's, M's, H's and A’s
in the rows associated with "“Impacts To.” Where this is the
case, consideration and weight must be given to those
functions that achieve the mitigation target. Mitigation targets
are described in Chapter 4. The target may favor improve-
ment of factors within the watershed that limit fish produc-
tion, restore properly functioning habitat, and replicate

natural the techniques.

Refer to Chapter 6 for further details on application,

design and effects of each of the techniques.



MATRIX |I: SCREENING TREATMENTS BASED ON SITE CONDITIONS
Refer to Chapter 2 for Site-Based Assessment Information

Potential Suitability of Bank-Protection Techniques
No Other Flow-Redirection Techniques Structural Techniques Biotechical Internal | Avulsion-
Action| Techniques Techniques Bank- | Prevention
Drainage | Techniques
Techniques
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(Yes or No) Oz |03 Sla|ll|e|<|2|z|2|2|2|=[2|8|0|&]| 3 |[2|2|2
Reduced Vegetative Structure F | G |G|G|G|G|F|F|-ID* G| F[G2|G2| F|F|G|G2[G|G|G2 - -l -]
In a Smoothed Channel F G |G2|G|G|FF|G|G2|G2| - || |G| F|G2IG2| F|F |G2|F2| F |G2|G2 - -[-]-
Along a Bend G D |G2|G|G|G|G|F|F|-ID*G|G|G|G|G*G|G2|G2| G |G2|G2 - -l -10-
SCOUR
Local Scour
At aTailout or Backwater Bar G | |G2|F|F|[F[D|F|F|G|G|G|G|G|G|G|D*|G2|G2|G2|G2|F2* | [RERR
Associated with an Obstruction G | |G2|P|F|[F|D|F|F|G|G|G|G|G|G]|G|[D*|G2|G2|G2|G2|F2* | [RERR
Associated with Large Woody Debris Jam | G F | G2 | F*| F|P*|G*|P*|P*| G |G*| F*| F |G*| F*| F |D*|G2|G2|G2|G2| F2 | [RERR
At a Bridge Crossing F | | |D*| | |D*(D*[D*P*[G| I || |G|P|G| I[G¥[I |I|I]]I|G2 | BERR
At Existing Bank Feature G* | G | G2 |D*| G |D*|D*|P*|P*D*|G*| F*| F |G| F | F [D*|G2|G2|G2|G2| F2 | Il
Drop/Weir Scour G D G2|D/ 1|1 |D FP*D|F G* F|G|F| F|D*¥|G2|G2G2|G2| F2 | RERE
At a Lateral Bar G D |G2|D|F|D|D|F|F|F2|G |G |P*G*F* G|D*|G2|G2|G2|G2| F2 | [RERN
At a Side Channel or Tributary G D |G2|G*HG| I |D|I|I|D¥G|G| F|G2|G2 G|D*|G2|G2|G2|G2| F2 | [
Subchannels in a Braided Channel G D | G2|P|P|P|P[I]1I[I|P*|F|F*[F2¥F2¥ F*|D*|G2|G2|G2|G2| F2 | 11
At a Channel Bend (Energy Sink) G D [G2|D|I || |D|F24F2% | |G| G| F [G2(G2| G|F*|F2|F2| G |F2| F2 | ]l
sussuneaceenTmaen | |
Groundwater Seepage G D I |F|FI FIF|P P F|I|F G2G|G|GG2G2/G2{G2 G2 G2 G 11!
Rapid Drawdown G D | |FIF|F|F[P[P|F]|I|F|G2G|G|G2|G2|F2|F2|F2|F2|F2 G [RERN
Saturated Soils G D | [P 1P [F[P|P|-]I |F2|FG24G2H F [G*ID*| | [P | | [G2 G I 1]
Increased Surcharge F S | | P*| | |P*[P*[P*|P*[ G| | |P*|F*|P*|P*| F|[G*|P*|P*| F| | [G2H | [REEN
Lack of Root Structure F D [G2[ [t )r| ! [FG2(G2f F|F|G2|P|F|F2|G2 | 11!
Undercutting/Removal of
Lateral/Underlying Support D D | Pt rfr GG FIF|R2|PFIFR2IG2 | 1]l
In Mature Floodplain G D Gt rfrfrf-fprprprfrprprfrpr|rfrf{r]i - FIP|F
In Channel Floodplain | D | G rprfrf-prprprfrprprfrjrjprfrfr]i - G|G|G
cvwmecurors rorma. N0 |
In Mature Floodplain G| D|G|G|G|G|G|F|F|[-|I|G|G|G|G|G|G|c2|G2|G|G2F| - 0
In Channel Floodplain | D G2|G GIG|G FIF|-|I G|GIG|IG G|G|G2|G2 G|G2|F - G|G|G
Suitability of Each Technique
Suitable/Unsuitable
Level of Suitability Notes:
* = See Figure 5-| (b) for additional explanation
G = Good. Directly addresses human-caused mechanism of failure, site-based, or reach-based cause, or allows mechanism | I. The matrix ratings are general; there will be situations that are
of failure to correct itself, or allows mechanism of failure to continue when appropriate, or directly the addresses exceptions to the matrix ratings. Each should stimulate further discussion.
(corrects) hydraulic condition created by the reach-based cause. The ratings don't compare feasability, cost or risk.
G2 = Good in combination with a technique rated G or in low to moderate risk situation.
F = Fair. Does not address mechanism of failure, site-based, or reach-based cause. Is not as good a bank protection solution as "good!" | 2. The tables following each of the matrices include explanations of some
F2 = Fair in Combination with a Technique Rated for G. of the ratings in the matrices. Explanations are given for those ratings that
P = Poor. Does not address mechanism of failure, site-based, or reach based cause. Not as good a bank protection solution as 'fair" | are not obvious or are incomplete without some explanation.
| = Inappropriate. Does not work, and does not address mechanism of failure, site-based, or reach-based cause.
D = Dependent upon Site Conditions. Too varied to generalize in this matrix. 3. See Chapter 5 for instructions on how to use this matrix.
- = Not Applicable.

Figure 5-1(a). Matrix |: Screening techniques based on site conditions.
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MATRIX |I: SCREENING TREATMENTS BASED ON SITE CONDITIONS

Explanation of Matrix | Ratings

MECHANISM OF FAILURE TECHNIQUE RATING| EXPLANATION OF RATING
Al No action G,FI,D | "No action" is always an option. It does not rate "good" if mechanism of failure is human-
S T e e R e
a building or structure) rather than implementing bank protection.
General bank | Smoothed channel Barbs F Not enough roughness.
erosion
Smoothed channel Log cribwalls F Assumes cribwall is roughened.
Reduced vegetation, Along a bend Anchor points D Depends on scale of channel and erosion. Anchor points are intended for local scour:
Scour Manufactured retention systems G,F, R D| Might apply if the bank is also slide-prone; refer to mass failure.
Local scour Scour at tailout, backwater, or obstruction | Groins F Structures placed upstream of scour to improve flow alignment.
Local scour Scour at tailout, backwater; or obstruction | Bank reshaping F2 Does not solve scour; bank reshaping is done to support planting.
Constriction Various techniques GF Often inappropriate since constriction scour is defined here as in the bed only. Some
scour techniques apply where they would support a bank that could otherwise be undermined
by the scour. ’Phat condition does not occur where a channel is confined (bridges).
Associated with debris Drop structures, porous weir P Used to backwater the constriction. Poor because debris jam is transient, structures are not.
Flow-redirection techniques G Engineered log jam is transient and flexiblle, other flow redirection techniques are not.
Groins, barbs F Debris is transient, rock is hard and permanent.
Log toe G Allows bed scour if log toe is supported by bank.
Rock toe F Fails with continued bed scour unless adequate roughness is added. Roughness wil
exacerbate constriction.
Associated with debris, at existing bank feature | Anchor point G Assumes feature is natural and can be reinforced to form anchor point.
Roughness trees F Allows bed scour to continue; trees can span scour hole and support bank, but assumes
roughness exaerbates constriction.
Bridge No action F Assumes the mechanisms of failure are human caused. Other causes are G. See the
definition of "G" rating.
Manufactured retention system G For example, sheet pile at toe of footing.
Bank reshaping G2 Remove sloping fill under bridge in conjunction with other retention system.
Flow-redirection techniques G,FRD| Place upstream to align the channel more efficiently to the constriction.
At existing bank feature No action G Assumes feature is natural.
Remove or reduce feature D An existing groin or other artificial constriction might be modified.
Drop/weir scou Groins D Groins are downstream to roughen channel and create backwater.
Drop structures F Cannot redirect flow effectively to a drop. May be used to backwater drop.
Porous weir P Cannot redirect flow effectively to a drop. Less effective backwater than drop structure.
Roughness trees G Allows bed scour to continue. Trees can span scour hole and support bank.
Jet scour At lateral bar Riprap P Lateral bar may be transient.
Log toe G Assumes scour occurs at a moderate flow when toe protection is more effective.
Rock toe F Assumes scour occurs at a moderate flow when toe protection is more effective. Rock
toe is permanent; lateral bar may be transient.
At tributary Groins G Groins intended to scour tributary bar:
Remove or reduce feature D Gravel removal might be appropriate if it is a one-time event.
Braided subchannel Anchor points P Channels are transient and may impact between anchor points.
Structural techniques F Subchannel is transient in location and time.
At abrupt channel bend (energy sink) Drop structures, porous weir F2 Located upstream to dissipate and direct flow, or located downstream to backwater. Use
with anchor point.
Riprap F Tends to fills energy sink and lose energy-dissipation volume; fails if scour hole deepens.
Groundwater seepage Riprap G2 Needs drainage to make riprap secure.
Rapid drawdown Biotechnical techniques F2 Drawdown implies a "no-grow zone" where vegetation is less effective.
Groundwater seepage, Rapid drawdown | Groins, barbs, engineered log jam D r[é(c)“e:;ot address problem. but could fix channel in place away from problem or let bank
Mass failure All Riprap F Assumes riprap is a buttress.
Saturated soils Log toe, Rock toe G2 Assumes bank can be reshaped and planted to a stable slope.
Groins, barbs, engineered log jam F Does not address cause, but could fix channel in place away from problem or let bank
recline. Seepage continues until bank is in equilibrium.
Manufactured retention system G Assumes it contains appropriate drainage.
Woody Plantiings D Depends on depth of failure.
Increased surcharge Various flow-redirection, structural, P Assumes there is a structure on the bank (surcharge) that will fail unless the entire bank is
and biotechnical techniques stabilized.
Reshape bank G2 Assumes that the surcharge is moved.
Increase surcharge, lack of root structure | No action F Assumes the mechanisms of failure are human caused. See the definition of "G" rating.
Chute cutoff | Mature floodplain Flow spreader | Assumes disturbance of mature forest in floodplain.

Figure 5-1(b). Matrix |: Explanations of ratings in Matrix |.
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MATRIX 2: SCREENING TREATMENTS BASED ON REACH CONDITIONS
Refer to Chapter 3 for Reached-Based Assessment Information

* = See Figure 5-2 (b) for additional explanation.

G = Good. Directly addresses human-caused mechanism of failure, site-based, or reach-based cause, or allows mechanism
of failure to correct itself, or allows mechanism of failure to continue when appropriate, or directly the addresses
(corrects) hydraulic condition created by the reach-based cause.

G2 = Good in combination with a technique rated G or in low to moderate risk situation.

F = Fair. Does not address mechanism of failure, site-based, or reach-based cause. Is not as good a bank protection solution as "good."

F2 = Fair in Combination with a Technique Rated for G.

P = Poor: Does not address mechanism of failure, site-based, or reach based cause. Not as good a bank protection solution as "fair”"

| = Inappropriate. Does not work, and does not address mechanism of failure, site-based, or reach-based cause.

D = Dependent upon Site Conditions. Too varied to generalize in this matrix.

— = Not Applicable.

Potential Suitability of Bank-Protection Technique
No Other Flow-Redirection Techniques | Structural Bank-Protection Biotechical Internal | Avulsion-
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Suitability of EachTechnique
From Matrix |:
REACH IN EQUILIBRIUM
Meander Migration
Within Channel-Migration Zone G I G|P|G|P|F|[P|P|-|D*|G|P|G|P|F|P|G|G2|G|G|G2 - - - -
At Edge of Channel-Migration Zone | G | G|G|G|G|G|F|F|-|D* G|G|G2|G2|G|G|G|G2 G |G|G2 - -l -
REACH IN DISEQUILIBRIUM
Large-Scale Flood Events
Aggrading Reach
Reduced Hydrology/
Increased Sediment Supply D* D* G |G¥F|P |G| ||| G2D*| G |G F2%F2* G| G |G |G2| G G2%G2 = = =] =
Downstream Constriction = F G |F|F|P|F|F| | |G|D*| F|F[2%F2¥ F| F |G |G2| G G2%G2 - -1 - -
Reduced Slope or
Downstream from Confined Reach D* | D* | G |F¥[P|[ I [P [F*| I |- |D*D|F|F2%F2¥% F | F |G |G2| G G24G2 - - - -
Confined Channel
(with Dikes/Berms) P G Gl I [*[P[I]|I]|I|[GID*D|F]|2¥F2* F|F |G |G2| G G24G2 - - -] -
Degrading Reach Y
Increased Hydrology/
Reduced Sediment Supply D¥ | G |F2*|F*|F [P [G*| G|G|G*ID*| G FlF|P*P*[F2 P |F*|P|F2 - -] -
Shortened Channel P G |FP2*|G|GP|G|G G -|D¥F F F|F| I I|F2|/P|F P F2 - - - -
Natural Channel Evolution
(Headwater Streams) G G F2*|P|P|P|G|F|F-ID¥{P|P|F|F|I|I |F2|P|F|P[F2 - - - -
AVULSION POTENTIAL
Aggrading Reach D | Gl Ufrfrprjpeprfrprfrfpefrprfrfrprprpr|pr]l | G/ F|G
Localized Downstream Constriction P G |Gl rfGprprprprprfrfrprfrprjrfl | G|G|G
Previously Relocated Channel P G G HERE | 1G] | 1]l | 1|1 | | | 11 | G|G|G
Braided Channel D | Gl eyl | G| F|F
Large Storm Event D | (T I O I A T O | G| G|G
Suitability of Each Technique
From Matrix 2:
Suitable/Unsuitable
Level of Suitability Notes:

I. The matrix ratings are general; there will be situations that are
exceptions to the matrix ratings. Each should stimulate further discussion.

The ratings don't compare feasability, cost, or risk.

2. The tables following each of the matrices include explanations of some

of the ratings in the matrices. Explanations are given for those
are not obvious or are incomplete without some explanation.

3. See Chapter 5 for instructions on how to use this matrix.

ratings that

Figure 5-2(a). Matrix 2: Screening techniques based on reach conditions.

Chapter 5



MATRIX 2: SCREENING TREATMENTS BASED ON REACH CONDITIONS
Explanation of Matrix 2 Ratings

REACH-BASED CAUSE TECHNIQUE RATING | EXPLANATION OF RATING
EQUILIBRIUM, DISEQUILIBRIUM
All All Anchor points D Anchor points may be appropriate wherever local scour is occurring regardless of
the reach condition, except for avulsions.
Large flood event All D Action depends upon probability of flood recurrence and whether it left the reach
vulnerable to increased erosion.
REACH IN DISEQUILIBRIUM
All No action D Reach conditions should be addressed if a bank-protection project is built. This is
not meant to say that the project should be built for the purpose of correcting
reach conditions.
/-\ggl%ad\ng All Woody plantings G Woody plantings in floodplain provide roughness and enforce banks.
reac
Log toe, rock toe F2 Toe treatments may get buried. Need complementary bank treatments.
Coir logs G2 Toe treatments may get buried. Assumes coir logs can cover bank or includes
complementary bank treatment.
Reduced hydrology/increased sediment, | Groins, roughness trees G,FEP | Roughness techniques can be appropriate when overall roughness is small
Downstream constriction, compared to scale of channel so thalweg is moved away from bank but overall
Reduced slope backwater is not increased.
Downstream constriction, Drop structures F Use to concentrate flow into single channel.
Reduced slope
Reduced hydrology / Channel modificatiion D Sediment sump or dredging mi§hfc be reasonable if increased sediment is temporary and
Increased sediment supply not likely to recur. Levees usually increase flood hazard risk in this situation.
Remove or reduce feature G2 "Remove or Reduce feature" means removal or reduction (remedy) of source of excess
sediment. Protection is not immediate so a complementary measure is needed.
Reduced slope Roughness trees D Can be good bank protection if roughness is small scale compared to channel so it
does not affect conveyance by roughness or constriction.
Confined channel Buried groins | Assumes groins cannot be set far enough from the channel, therefore the channel
cannot expand to its natural width.
De%l;ading All Riparian-buffer management F2 Does not resolve degradation. Riparian zone may become perched on terrace.
reac
Increased hydro\o?// No action D "No action" may be appropriate if channel is approaching equilibrium.
Reduced sediment supply - - —
Groins F Roughness generally good for degrading channel. Rigid structures may be
undermined and fail.
Engineered log jam G Better than groin since log jam is more resilient.
Cribwalls, . P Assumes  structures constrict the channel, without maximizing roughness.
manufactured retention systems Structures may be undermined and fail.
Soil reinforcement F Same as cribwalls but more flexible.
Remove or reduce feature G "Remove or Reduce Feature" means restoration of natural sediment load.
Protection is not immediate, so complementary measure is likely needed.
Natural channel evolution Drop structures, porous weirs F Bed structures create nick points in bed as channel continues to degrade. They will
break down into the channel if they are erodible rather than hard, fixed structures.
Soil reinforcement F Assumes soil reinforcement does not constrict the channel. Reinforced soil is flexible
enough to accomodate degrading channel but does not allow floodplain evolution.

Figure 5-2(b). Matrix 2: Explanations of ratings in Matrix 2.
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MATRIX 3: SCREENING TREATMENTS BASED ON POTENTIAL, LONG-TERM HABITAT IMPACTS
Refer to Chapter 4 for Habitat Considerations

This Technique ==
Impacts and/or Mitigates

This Habitat Function

!

Suitability of Mitigation and Bank-Protection Techniques with Respect to Habitat

No Other
Action | Techniques

Awvulsion-
Prevention
Techniques

Internal
Bank-
Drainage
Techniques|

Biotechical
Techniques

Riparian-
Buffer
Manage-
ment

Flow-Redirection Techniques Structural Techniques

Off-Channel Spawning and Rearing Habitat

Channel Modifications
Manufactured Retention Systems

Spawning-Habitat Restoration
Buried Groins

Engineered Log Jams

Drop Structures

Remove or Reduce Feature
Roughness Trees

Roughened Rock Toes
Woody Plantings
Herbaceous Cover

Soil Reinforcement

Bank Reshaping

Subsurface Drainage Systems
Floodplain Roughness
Floodplain Grade Control
Floodplain Flow Spreader

Barbs
Porous Weirs

Groins
Anchor Points
Riprap

Log Toes

Log Cribwalls
Coir Logs

Suitability of Each Technique
from Matrix 2:

Riparian

Function: Impacts To

Compensated By

Cover: Impacts To

Compensated By

Spawning: Impacts To

(9]
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@}
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Compensated By

Complexity
and

Diversity: Impacts To

- C | C|C¥ - D*|D*|D*

Compensated By

Lost

Opportunity:| Impacts To

Compensated By

Flood

Refuge: Impacts To

Compensated By

Suitability of Each Technique
From Matrix 3:

Suitable/Unsuitable

Level of Impact
* = See Figure 5-3 (b) for additional
explanation.
D = Site Dependent. Depends upon site
- oo varied to generalize in this matrix
The ratings for the "Impacts Caused By" are:
A = Avoids Impact. Impacts to the habitat
function are generally avoided.
L = Low Impact. Potential low levels of impacts.
M = Medium Impact. Potential medium-
levels of impacts.
H= High Impact. Potential high levels of impacts.

- = Not Applicable.

Additional options in the matrix are:

D = Site Dependent. Depends upon site
conditions - too varied to generalize in
the table.

C = Technique Compensates for habitat Impact.

The ratings within the "compensated by" rows are:

NOTES
|. The ratings assume long-term impacts as opposed to short-term impacts. The ratings may vary if short-term impacts are under
consideration. Each rating is subjective and may vary given site-specific conditions.

2. Construction may cause temporary impacts. Refer to Chapter 4 for information on how to mitigate for construction.

3. "No Action" may involve the decision to simply take no action. It may also involve solving the problem by undertaking "out-of-channel
activities” (such as moving a building or structure) rather than implementing bank protection.

4. Matrix 3 is provided to assist in identifying options that will avoid or minimize impacts or will compensate for losses. Realize that this matrix is
general, there will be situations that are exceptions to the matrix. The exceptions might be due to specific habitat requirements or unique site
conditions. The matrices are a first effort to relate techniques and impacts; each cell should stimulate further discussion.

5. Any habitat impact listed on the matrix assumes that the habitat function is currently present. The standard of impacts to be mitigated is a
regulatory issue. Possible standards include impacts to habitat currently present, or impacts to habitat that would be present in an unaltered
site. Mitigating for habitat that would occur in an unaltered state is different than lost opportunity, which depends on erosion to be created.

6. The preferred bank-protection technique is the one that, in addition to solving the causes of scour; avoids the habitat impacts. Look for
techniques with an "A" in the rows labeled "impacts caused by." If there are no techniques that avoid impacts, minimize impacts by looking
for techniques that have low, medium and then high impacts, in that order. For every low, medium or high impact there must be provided
a technique that compensates. Appropriate techniques for compensatory mitigation depends upon the mitigation target as described in
Chapter 4. Compensating techniques for a particular habitat function are identified with a "C" in the rows "impacts mitigated by" Many
specific techniques have a mix of C, L, M, H and A’s in rows associated with "impacts caused by". In that case, consideration and weight must
be given to what functions are critical or limiting, what functions cannot otherwise be mitigated and what functions might be most impacted by
the projects. These conditions are also described in Chapter 4. See Chapter 5 for additional instructions on how to use this matrix.

Figure 5-3(a). Matrix 3: Screening techniques based on habitat impacts.
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MATRIX 3:

SCREENING TREATMENTS BASED ON

G-TERM POTENTIAL HABITAT IMPACTS

Explanation of Matrix 3 Ratings
HABITAT IMPACT CAUSED BY OR TECHNIQUE RATING | EXPLANATION OF RATING
FUNCTION | COMPENSATED BY
All Impacts To, Compensated By Channel modifications A, C | Assumes that a full complement of habitat features is included in the channel
modification project.
Riparian Impacts To Compensated By Channel modifications D May depend on riparian function at site (e.g, E. Wa vs W. Wa and emergent vs
Function mature conifer forest)
Cover Impacts To, Compensated By Groins F Assumes groins are a wood-catching structure. Cover habitat depends greatly
upon species and age class.
Compensated By Barbs P Barbs are too low to catch debris. Cover habitat depends upon species and age class.
Spawning Impacts To, Compensated By Flow-redirection techniques LD Flow-redirection techniques create hydraulics suitable for spawning habitat though
the habitat may vary from the habitat that is impacted.
Lost ) Impacts To Groins, barbs H Assuming they are permanent rock groins rather than deformable woody groins.
Opportunity — . ‘ i ‘ .
Buried groins Depends upon the distance buried groins are from channel. Impact is much less if
they are located at the edge of the channel-migration zone.
Log toes L Log toes are considered deformable.

Figure 5-3(b). Matrix 3: Explanation of ratings in Matrix 3.
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CASE STUDIES

To demonstrate the selection process, three case studies
in Washington State are provided. The case-study sites
vary from one another based on geography, geomorphol-
ogy and level of risk. Case-study site # | is a rural reach
of the Nooksack River, a braided river in Whatcom
County. Case-study site # 2 is an urban reach of Salmon
Creek inVancouver. Case-study site #3 is an arid, rural
reach of the Tucannon River in southeastern Washington.

Case Study #1: Nooksack River

Project Background
The Nooksack River Fish Habitat Enhancement and

Erosion Control Pilot Project involved the remediation of
severe erosion problems at two sites on the Nooksack
River, using nontraditional methods. The project sites
included 3,100 feet of streambank that had been progres-
sively and severely eroding at a rapid rate for several years
(see Figures 5-4 and 5-5). Many acres of farmland and
low-lying forest had been lost, and there was concern that
the erosion would facilitate floodwater access to a swale
that carries water to the Everson Overflow and, ultimately,
into the Fraser River watershed in Canada.

Concern about the Everson Overflow played a significant
role in project initiation and funding. When the Nooksack
River reaches a discharge of approximately 25,000 cubic
feet per second, floodwaters overtop the Nooksack
Watershed Divide and enter a tributary basin of the
Fraser River. Over the past century, this overflow has led
to flooding in several towns in Washington and British

Figure 5-4. Plan view of erosion on the Nooksack River.

Figure 5-5. Ground view of erosion on the Nooksack River.

Columbia. By the summer of 1997, bank erosion at both
project sites had cut headward into overbank swales that
contribute to the Everson Overflow. Concern was raised
that continued erosion would allow floodwaters to enter
the swales at progressively lower water surface elevations
(smaller floods). Thus, it appeared that continued bank
erosion at both sites threatened to exacerbate the
Everson Overflow problem.

This pilot stabilization project, designed and constructed in
1997, was carried out to test the ability of several non-
riprap bank treatments to control bank erosion and
associated sediment inputs, as well as to create needed
fish habitat.
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Site-based Assessment

The primary mechanism of failure for erosion at the two
Nooksack River sites was toe erosion. There were two
site-based causes for toe erosion: bend scour and a
reduced vegetative bank structure associated with land
clearing for agriculture. Bend scour was the dominant
cause, which occurs when the erosive force shifts from
the bed of the channel to the outer corner of the channel
as it encounters a bend. A secondary mechanism of
failure was the potential for an avulsion caused by natural

aggradation in this river reach.

Reach-based Assessment

A geomorphic analysis conducted for the project indi-
cated that channel migration was occurring in the project
reach and that erosion in the project reach had extended
beyond the historical limits of the meander belt. Accord-
ing to data from 1996 to 1997, the channel was migrating
laterally, with bankline migration rates between 310 and
350 feet per year near the project sites. Lateral channel
migration is a typical reach-based cause of toe erosion. In
the case of the Nooksack River, meander migration was
occurring at the edge of the channel-migration zone.

The Nooksack River is a wandering, gravel-bed river,
typical of the western Washington region. Rivers in this
region are characterized by depositional zones that form
laterally unstable, braided channel segments and by
transport zones that are single-thread, laterally stable
reaches between the sedimentation zones. In the vicinity
of the project sites, the river flows through a depositional
reach that is characterized by multiple channels, extensive
bar surfaces and lateral instability. Thus, the project reach
of the Nooksack River is naturally aggrading and is
probably in equilibrium over the long term.

Selection Process

Using Matrix |, a number of bank-protection techniques
were found to have a good level of suitability when toe
erosion along a bend is the cause of erosion. Using Matrix
2,a number of bank treatments were found to have a
good level of suitability when an equilibrium reach is
experiencing meander migration at the edge of the
channel-migration zone. When the matrices were
combined, nine bank treatments were deemed acceptable.
Three of the nine techniques were instream flow-

Chapter 5

redirection techniques, and the remaining six techniques
were structural bank-protection techniques (several of the
biotechnical techniques were also considered acceptable

when used in combination with the other methods).

Several design considerations were important for determin-
ing the final bank-protection treatments used. First, the
client and resource agencies would not allow the use of
riprap, a structural technique that had been used unsuccess-
fully at these sites in the past. Second, the project budget
precluded the use of expensive techniques such as log toes.
And, finally, fish habitat was of primary concemn. Thus, the
treatment options were further screened using the first
four categories of Matrix 3 (all of which pertain to fish
habitat). Only four treatments were found to be acceptable
at low-to-medium levels of impact on fish habitat: groins,

buried groins, barbs and roughness trees.

Based on this process, bank treatments were selected that
were relatively low cost, conducive to habitat formation and
able to stand up to the dynamic behavior of a high-volume
river (design discharge of 42,000 cubic feet per second).
Because of the pilot-project nature of this work, several
treatments were needed for effective comparisons to be
made. With these conditions in mind, two types of treatment
were selected: rock groins and log groins, with cabled, woody
debris to enhance fish habitat. Bank reshaping, woody
plantings and herbaceous cover were also selected for

additional bank stability and habitat enhancement.

Design

Bank treatments used in this project included groins con-
structed of logs that were cabled to wooden piles

(see Figure 5-6, next page); groins consisting of a rock key and
foundation with an upper surface of concrete doloes (see
Figure 5-7, next page); and groins built entirely of rock. The all-
wood, log-and-pile groins were used where hydraulic analyses
indicated they were durable enough for site conditions. The
other site had higher-flow energy and received the dolo groins.
Designs for both sites included cut-back trenches to prevent
flanking of the groins, which could result in excavation of the
barb keys by erosion. Both site designs also incorporated
woody debris anchored to (or built into) the groins and banks.
‘To promote bank stability, all banks were groomed back to a
2:| slope. To protect the upper banks and to facilitate the
rapid establishment of native riparian species, both designs also

included detailed revegetation plans.



Figure 5-6. Log groins on the Nooksack River.

Figure 5-7. Concrete doloes with woody-material recruitment on the
Nooksack River.

Mitigation

Matrix 3 identifies habitat impacts from various bank-
protection techniques. Groins may cause a low impact to
cover and a medium impact to riparian function, spawning
and construction. To mitigate for these potential impacts,
special provisions were made in order to maximize fish
habitat in and around the groins. The woody and dolo groins
were designed to be quite porous, thus creating “chutes” of
flow as well as quiescent zones within and downstream of
the groins. In addition, the porosity of the groins was
designed to facilitate natural recruitment of woody debris.
Furthermore, woody debris was cabled along the down-
stream edges of the rock and dolo groins and along the
banks between groins to provide additional cover for fish.
Finally, the particular arrangement of the groins would
encourage development of deep scour holes near the tips of
the groins, which would offer pool habitat at lower flows. The
steep banks were reshaped and vegetated to mitigate for
impacts to riparian function.

Monitoring

A three-year monitoring plan was developed for the two
Nooksack River sites. Attributes monitored and associ-
ated monitoring techniques are shown in Table 5-2.

For more information on this project, contact Whatcom
County Public Works Department, Division of Engineering,
Whatcom County, WA, or Inter-Fluve, Inc., Bozeman, MT.

Project Attribute Monitoring Technique

Barb and bank configuration

Yearly topographic survey and aerial photos, observations,
photographs and video tape.

Erosion and deposition

Yearly topographic survey and aerial photos, observations,
photographs and video tape.

Fish-habitat availability and usage

Habitat surveys, snorkel surveys.

Revegetation success

Vegetation surveys.

High-flow hydraulics

Observations, video tape of high flow events.

General site geomorphology

Yearly topographic survey and aerial photos, observations,
photographs and video tape.

Table 5-2. Attributes and monitoring techniques associated with the Nooksack River site.
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Case Study #2: Salmon Creek

Project Background

The Salmon Creek Bioengineered Bank-Stabilization Project
was part of a multi-year effort by the Clark Public Utilities
in Clark County to implement bank protection at approxi-
mately 30 sites within the Salmon Creek drainage area that
had experienced recent bank erosion. The Salmon Creek
watershed, located nearVancouver, is typical of basins in
expanding urban areas of the Pacific Northwest that have
been transformed from forest to agricutture to mostly
urban land use. These watershed changes have included
concurrent declines in salmon and steelhead populations, as
well as increased channel erosion.

Clark Public Utilities, using money for fish-habitat restora-
tion, identified several bank-protection project sites. The
project objectives were to use innovative bank-protection
technology that addresses long-term bank stability and is
sensitive to fish and wildlife habitat. Early project sites
(1996) typically included eroded vertical banks from three
to |2 feet in height, composed mostly of fine sediments
(silt) that, once eroded into the channel, threatened
habitat quality within Salmon Creek. The design solution
for these sites incorporated a stable rock foundation, with
native-soil reinforcements, woody plantings and herba-
ceous cover above. Later project sites (1997) were
targeted for a less-intensive bank-stabilization approach,
such as the use of woody debris, coir fabrics and vegeta-
tion. At one particular site, channel modifications were
used in conjunction with woody debris and woody
plantings to promote bank stability and enhance habitat.

This case-study description focuses on one particular site,
about 650 feet in length, where the streambank was
severely eroding into adjacent properties. An expansive
gravel bar was directing the channel thalweg toward a
steep slope with fine sediments, and single-family resi-
dences located at the top of the slope were at risk (see
Figure 5-8).
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Figure 5-8. Eroding bank on Salmon Creek.

Site-based Assessment

The mechanism of failure at this site was toe erosion. The
toe erosion had two site-based causes: bend scour and
reduced vegetative structure associated with human
development. The primary cause was reduced vegetative
structure, a condition that occurs when woody vegetation
is disturbed along the bank and riparian area, subsequently
making the bank more susceptible to erosion.

Reach-based Assessment

This Salmon Creek site was located in a depositional
reach with a lower gradient than upstream or down-
stream reaches and extensive gravel bars that occluded
previous channel alignments. A bridge at the downstream
end of the site, constricts the channel and causes the
reach to backwater at high flows. As a result, the channel
in this reach had realigned several times in the last thirty
years, each occurring after a large flood event. The
potential for avulsion was also a mechanism of failure as
evidenced by aggradation, previous channel relocations
and the presence of a downstream constriction.

Selection Process

Using Matrix |, treatments were screened for the project
site with a mechanism of failure of toe erosion due to
erosion along a bend and/or reduced vegetative structure.
Using Matrix 2, treatments were further screened using
the reach-based considerations for an aggrading reach
with a localized, downstream constriction and reduced
slope. This resulted in | | acceptable treatments, ranging
from channel modifications to structural bank-protection
techniques, to biotechnical treatments.



Several design considerations were important in deter-
mining the final bank-protection treatment used for this
site. Since low-cost alternatives were desirable, several
expensive techniques were eliminated from consideration.
In addition, a combined approach was desirable in order
to satisfy the client's preference for innovative treatments
that benefited habitat. Most importantly, techniques were
needed that would remedy the tendency for the aggrad-
ing channel to realign. Based on these considerations,
channel modifications and woody plantings were selected
as the most useful approach to restoring channel and
bank stability.

Since fish habitat was emphasized for this project, Matrix 3
was used to identify habitat impacts of the various bank-
protection techniques. The treatments used at this site
generally avoid impacts to fish habitat. However, several
design elements were included to ensure that habitat
elements were enhanced. A backwater channel at the left
channel margin adjacent to the gravel bar was excavated
(lengthened, widened and deepened), and woody debris
was added to provide escape and cover habitat for fish.
Woody debris was also placed in the high-flow channel to
enhance rearing habitat. In addition, the bank plantings
were designed as a long-term benefit to fish by fostering a
riparian area, which will eventually provide shade and

cover for the stream channel at each site.

Design

The bank-protection techniques used at the project site
included channel realignment, high-flow channel creation,
and vegetative plantings (see Figure 5-9). The six-foot-high,
vertical right bank was protected by relocating gravel bar
material and realigning the channel toward the left bank.
Photographic records of channel changes within the reach
were used to select the most stable channel configuration.
Next, material was excavated to form a high-flow channel
upstream to increase conveyance and to provide some
relief during flooding. It also decreased erosive potential
along the newly created right-channel boundary. Finally,
the slope of the eroding bank was reduced, and the
roughness of the bank was promoted by planting willow
clumps salvaged from the high-flow channel excavation.
These treatments were combined with woody-debris
placement in off-channel areas and woody plantings to
promote bank stability and habitat.

Figure 5-9. Channel realignment, vegetation plantings and bank

reshaping on Salmon Creek.

Monitoring

Unfortunately, monitoring was not done on this project.
For follow-up information, contact Clark Public Utilities,
Vancouver or Inter-Fluve, Inc., Hood River, OR.

Case Study #3: Tucannon River

Project Background
This project is located on the Tucannon River in Columbia

County, on property owned by the Washington Depart-
ment of Fish and Wildlife. This reach of the Tucannon
River has been straightened, cleaned and diked, resulting in
isolation of the riparian zone and loss of pool habitat.
Most recently, the property had been managed for cattle
grazing, and the left-bank riparian zone was in very poor
condition. The main damage to the site occurred during
February 1996, when a flow of 5,500 cubic feet per
second was recorded at the USGS gauge at Starbuck, WA.
The recurrence interval for this magnitude of flood is
between 10 and 25 years. As shown in Figure 5-10,the
flood scoured the left bank, formed numerous gravel bars
at the site and created a braided section of channel with
high width-to-depth ratios.
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Figure 5-10. Left-bank erosion on the Tucannon River.

Researchers have documented a lack of spring chinook
salmon spawning in the reach relative to upstream and
downstream reaches. This is attributed to lack of deep
pools with large woody debris cover and high water
temperatures. These conditions are due to channel
straightening, cleaning and diking activities following the
1964 and 1970 floods and subsequent loss of riparian-
zone function.

The goal of the project was to provide a demonstration
project that would address fish-habitat needs, channel
stability issues and floodplain function. The habitat needs
include deep pools, large-woody-debris cover; reduced
summer water temperatures and over-wintering habitat
for juvenile salmon. The project objective was to form a
single channel with appropriate width, depth and curva-

ture for stability.

Site-based Assessment

The primary mechanism of failure was toe erosion.
There were two site-based causes for toe erosion:

I) reduced vegetative bank structure associated with
grazing activities, and 2) bend scour. Reduced vegetative
bank structure was the dominant cause. It occurs when
the woody vegetation in the riparian area is disturbed or
removed. Loss of the vegetation root structure reduces
the shearresisting strength of the bank and the ability of

the bank to resist erosion.
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Reach-based Assessment

This reach of the Tucannon River has been impacted by
channel diking (upstream and downstream), large woody
debris removal and straightening. However there were no
dikes in the immediate vicinity of the site, and it is
uncertain if the channel had been straightened at the site.
The primary reach-based cause of erosion was large
floods experienced throughout the watershed in February
1996. Many of the bridges in the Tucannon watershed
were damaged or destroyed during the floods. These
floods caused a rapid change in the channel form and
short-term disequilibrium. The rapid change in form
resulted in several braided channels at the site. The lateral

erosion was within the channel-migration zone.

Selection Process

According to Matrix |, a number of bank-protection
techniques are rated as “Good” when the mechanism of
failure is toe erosion caused by reduced vegetative bank
structure. Using Matrix 2, a number of bank treatments are
again rated “Good"” when a reach is in disequilibrium caused
by a large-scale flood event. When the matrices are com-
bined, there were suitable bank-protection treatments for this
particular project, ranging from channel modifications to
structural bank protection to biotechnical treatments.

In Matrix |, engineered log jams are rated G2 (meaning
they are considered Good when used in combination
with other techniques rated as Good) for a reduced
vegetative structure bank. Since there was no immediate
threat to infrastructure, the engineered log jams were
accepted over other instream flow-redirection and
structural bank-protection techniques, given the habitat
value provided by engineered log jams.

Using Matrix 2, engineered log jams were further screened
for reach conditions that are in short-term disequilibrium
primarily caused by large-scale flood events, though
meander migration within the migration zone could be
considered as secondary. The rating for use of engineered
log jams is “Site Dependent’ for large-scale flood events.
Jams are rated “Fair’ to “Good" for addressing meander
migration. Because of the low risk of impact at the site, the
technique was considered acceptable.



Since this was a demonstration project, one of the design
considerations included using a composite treatment, with
emphasis on restoration of fish habitat. Using Matrix |
and Matrix 2, biotechnical techniques and woody and
herbaceous plantings in combination with bank reshaping
were selected to increase bank stability and eventually

decrease summer water temperatures.

Matrix 3 was used to identify habitat impacts of the
various bank-protection techniques. Engineered log jams
both avoid and compensate for all habitat impacts except
construction impacts. The use of large woody debris in
the jams would provide fish habitat and prevent erosion of
the new bank line. The jams would collect additional
woody debris and form deep pools with excellent cover.
The bank between jams was not armored or diked, so the
floodplain would function during floods. The jams were
designed to maintain the thalweg in the new alignment,
and the bankline in the “shadow” of the jams would be a
deposition zone where vegetation could be re-established.
The floodplain area would also be revegetated to speed
the establishment of a riparian zone. Woody and herba-
ceous plantings are rated in Matrix 3 as “Avoiding All
Impacts.” Bank reshaping is rated as having a low impact
on cover and riparian function and a medium impact for
construction. Planting vegetation would compensate for
impacts from bank reshaping and would be designed as a
long-term benefit to fish by fostering a riparian area to
provide shade and cover for the stream channel.

Design

Figure 5-1'| and Figure 5-12 show the project two years
after construction. The engineered log jams were
modeled after a technique developed by T. B. Abbe and D.
R Montgomery.! Key pieces were made by cabling
several trees together and cabling four, three- to four-
foot-diameter boulders to each piece. The boles of key
pieces were buried in gravel-bar sediments up to the
rootwad, against which smaller logs were racked. As a
factor of safety, several four-foot-diameter boulders were
placed on the rack for additional ballast.

Figure 5-11. Engineered log jams on the Tucannon River.

Figure 5-12. Engineered log jams on the Tucannon River.

Channel geometry was based on a preliminary analysis
and included bankfull width (40 feet) and depth (3.5 to
4.0 feet), and meander radius (330 feet). The channel
cross section shape was triangular, with a 2:1 slope on the
outside of the bend and 8:1 slope on the inside of the
bend. The five engineered log jams were spaced at 90-
foot intervals along the meander. The stepwise progres-
sion of engineered log jams is intended to maintain the
thalweg of the channel along the desired alignment. This
will not prevent portions of flood flows from leaving the
channel between jams, nor will it prevent the floodplain
from functioning. A riprap cutoff trench extends into the
bank at the upstream jam to reduce the risk of the
channel cutting behind the first structure of the series.
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Beyond the boundaries of the bankfull channel the soils
were graded to blend into the local topography. Both
banks were planted with native vegetation, including
cottonwood, willow, Ponderosa pine and wild rose.
Willow and cottonwood live stakes were planted in
August, following the engineered-log-jam construction, but
nearly all died. A second planting of live stakes, plus
rooted pine and rose, was completed the following spring.

These survived.

Monitoring

The preproject conditions were documented by oblique
aerial photos taken in 1998. Photos were also taken from
a nearby hillside in 1998 and 1999. Photographs will be
taken repeatedly as significant flows bring about changes
at the site.  Following project completion, an as-built
survey recorded the location of the new channel, thalweg,
engineered-log-jam locations and widths, and the location
of the edge of the 1996 eroded bankline behind the jams.
The survey may be repeated if deemed necessary. There
have not been any significant run-off events since the
construction and consequently little change to the project.

Biologists with the Washington Department of Fish and
Wildlife have conducted several snorkel surveys of the
site since construction. They have verified significant use
of the engineered log jams by juvenile chinook salmon and
steelhead, and resident rainbow trout. There have also
been several sightings of adult salmon resting at the
engineered log jams. Additional surveys may occur but
are not currently scheduled.

CONCEPTUAL STREAMBANK PROTECTION

The selection matrices are based on a numerical rating
approach to identify possible treatment techniques that
address a particular erosion problem. To aid further in the
selection process, this section supplements the matrices
with a qualitative description of those techniques that are
consistently rated as “Good" or “Fair” For the sake of
brevity, only the most common erosion problems are

described here. This section also provides treatment
alternatives to consider during and/or immediately following

an emergency.

Before settling on any one or combination of treatments, it's
important to determine whether a permanent treatment is

required or if a deformable bank treatment would work better:

TTo stabilize an eroding bank in an area that poses a high risk to
adjacent buildings or infrastructure, a permanent treatment is
generally used. Such techniques typically use rocks and logs at
the toe of the slope (and some distance up the slope), with
the inclusion of soil or other appropriate growing media to
support plants. These measures halt bank erosion at the site,
while providing the physical template for the creation of

aquatic habitat and establishment of riparian vegetation.

A deformable bank treatment should be considered where a
small amount of continued bank erosion each year is accept-
able or even preferable, but the current rate of erosion is
excessive. Deformable bank treatments provide for immediate
bank stabilization, using native and biodegradable materials, in
order to allow healthy riparian vegetation to become estab-
lished. Unlike permanent treatment materials, however,
deformable bank treatments allow the bank to shift and
change somewhat over time at a natural, acceptable pace. In
this scenario, long-term bank erosion is minimal, and stabiliza-
tion relies on maintaining good streamside vegetation.

Treatments for Scour

Scour is caused by features in the channel that disrupt the
natural flow patterns and increase the turbulence in the vicinity
of those features. This turbulence creates scour holes where
energy is dissipated. Roughness elements placed in a scour
hole are not the best solution, since their scale often eliminates
the energy dissipation volume of the scour hole. Rather,
adequate volume in the scour hole should be provided to
assist in energy dissipation.

Before settling on any one or combination of treatments, it’s important to determine
whether a permanent treatment is required or if a deformable bank treatment would

worlk better.
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An effective scour hole does not transfer any carry-over
energy downstream. It therefore offers some protection
to downstream banks and channel. The importance of
scour holes cannot be downplayed; destroying them by
straightening the bankline can lead to more complex and
destructive dynamics downstream. If the scour hole is just
beginning to evolve, you can expect lateral and bed scour

until the hole has matured and stabilized.

Balancing the need to preserve a scour hole while preventing
further erosion requires the use of anchor points. Anchor
points are either natural (e.g, tree, rock outcropping) or
artificial hard structures (e.g, rock trench) at the upstream and
downstream end of an energy sink. They fix the upstream and
downstream points of the scour hole so volume cannot be
gained by erosion in the upstream or downstream directions.
By fixing these points, volume is gained by forcing erosion
either laterally, or (even better) vertically, by eroding the
channel bed and creating a deep pool.

Treatments for Toe Erosion

Toe erosion is the most common mechanism of failure in
Washington State. Toe erosion results as material is
entrained from the toe and/or surface of the bank by
flowing water. Toe erosion may be caused by reach- and
site-based causes. Common site-based causes include
reduced vegetative bank structure, smoothed channel and
bend scour. Common reach-based causes include

meander migration, aggradation and degradation.

Treatments to consider for toe erosion caused by reduced
vegetative bank structure include restoring a hospitable
environment for vegetation by applying toe protection
and reshaping and planting the bank. Toe protection can
either be permanent or deformable depending upon the
level of risk and the location of the streambank in the
migration corridor: Fencing out livestock and establishing
a riparian buffer are very effective solutions. Techniques to
redirect erosive flows away from the bank and to provide
roughness can be used in combination with the above
techniques. Groins should not be used since they create

strong eddies along the bankline.

Toe erosion along a bend (bend scour) can result from
either natural or human activities. A channel that is in
equilibrium and migrating will create bend scour: Likewise,
a channel that is in disequilibrium will also create bend
scour: It is important to recognize whether bend scour is
occurring in an equilibrium or disequilibrium channel.
Applying structural bank treatments to bend scour in an
equilibrium channel can have profound impacts on
upstream and downstream channel dynamics as discussed
in Chapter 3, Reach Assessment. These techniques disrupt
the natural meander migration and patterns of erosion,
often resulting in the need for even more bank protection.
Deformable treatments are the most appropriate since
they allow for gradual meander migration. These are
discussed in more detail in the following section. Applying
structural bank treatments in a disequilibrium channel
experiencing bend scour can also have profound impacts
upstream and downstream. For these reasons, deform-
able techniques should also be considered first. If the level
of risk to infrastructure is such that any further erosion is
not tolerable, then flow redirection and structural

techniques may be necessary.

Toe erosion is also caused in a channel that has been
smoothed. The best solution is to add what was originally
lost; that is, add roughness elements. Roughness elements,
such as woody debris, woody vegetation and randomly
placed boulders can be incorporated into the stabilized
bank to enhance the hydraulics and habitat of the reach.
Other appropriate techniques include grade control, such

as a drop structure or porous weir:

Treatments for an Aggrading Channel

A reach aggrades when more sediment is transported
into the reach than can be transported out of the reach.
Aggradation occurs either naturally or is induced or
accelerated by human activities. The reach-based causes
for aggradation are reduced hydrology, increased sediment
supply, downstream constriction, reduced slope, or
channel confinement. Refer to Chapter 3 for more

information on the reach-based causes of aggradation.

Chapter 5



If aggradation is caused by an increased sediment supply,
reducing the excess supply of sediment from upstream
sources is the most effective solution. Sediment transport
to the riverine system originates from different hill-slope
and valley morphologies and is dominated by either fluvial
or mass wasting processes.2 Other sources originate from
the channel itself due to excessive bank erosion. One way
of reducing the excess sediment supply is to increase the
capacity for sediment transport within a reach by modifying
the channel to an appropriate pattern, profile and cross
section. The feasibility and design of this concept requires a
detailed analysis of sediment transport characteristics and
hydrology. Identifying and selecting a migration corridor
that extends beyond the current active channel should also
be considered. Broadening the channel's migration corridor

will allow aggradation and recovery to occur naturally.

Debris jams play an important role in bedload transport
by providing storage of bedload and metering the rate of
downstream transport. Many river channels have experi-
enced a decline in woody-debris input. Constructing a
debris jam upstream from an aggrading reach may reduce
the rate of bedload supply transported downstream.
Alternatively, constructing a midchannel debris jam in an
aggrading reach will create a stable island immediately
downstream. This has a stabilizing effect on the total
channel cross section. However, if the cause of aggrada-
tion is a confined channel or a downstream constriction,
then engineered log jams are not recommended, since

they can further confine or constrict the channel.

Removing or reducing a constriction that is causing aggrada-
tion is another way of treating an aggrading channel. If the
constriction is a bridge, consider removing or redesigning
the bridge. A bridge can be redesigned to reduce the
constriction by increasing the channel area under the
bridge (e.g. increase span and/or vertical clearance) or
streamlining the bridge approach (e.g., use channel
modifications and/or wing walls). The decision to remove
or redesign a structure, such as a bridge, can be costly, and
it must be balanced with economics and the level of risk
to property that is threatened by erosion. If the constric-
tion is a culvert, consider removing or redesigning the
culvert. If the constriction is due to a debris pile, consider
partially dismantling the debris pile. However, debris that

is removed must be placed back in the channel as habitat-
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restoration elements, used in other bank-protection
projects, or stockpiled for future habitat-restoration
efforts. The decision to remove a debris pile must be
carefully considered with respect to habitat functions that

may be impacted.

If the floodway has been confined by a levee or road, setting
back the confinement or removing it will allow the channel to
regain its natural channel length and slope. The minimum
outer limit of the setback should be at the edge of the
channel's natural meander belt. Optimally, the setback
should be far enough beyond the channel's meander belt to
provide floodplain function and an appropriate level of

flood management to adjacent properties.

Removal of sand and gravel to alleviate aggradation
problems should only be considered after analyzing and
exhausting more preferable techniques. This technique
requires a detailed analysis and understanding of the
channel hydraulics, hydrology, sediment budget and
biological effects of removing materials. Locating appro-
priate sites for removal is crucial. The most common site
for gravel removal is where the channel is aggrading.
However, this is most often a short-term solution; it may
have significant impacts on habitat, and it requires ongoing
maintenance. Other sites to consider for removal are
upstream from the aggrading reach where the material is
stored, including the initial upstream source of sediment,
such as an upland mass slide. Optimally, the location for
removal should be identified as part of local watershed

planning studies.

Treatments for a Degrading Channel

A common cause of degradation is an increase in hydrol-
ogy. The optimum long-term solution is to identify and
remedy the cause of the increase in hydrology rather than
focusing only on the eroding bank. In other words, don't
just treat the symptom; treat the cause. Under the best of
circumstances, this would involve local-government
planning efforts in the development of basin or watershed
studies and the implementation of a storm-water manage-
ment ordinance. The next-best solution is to redefine the
channel to accommodate the anticipated long-term inputs
of sediment and flows, consisting of a modification of the
channel’s pattern, profile and dimensions to fit the new

hydrologic regime. Examples include lengthening, rough-



ening, widening and/or sloping the banks of the channel.
However, if only a short-term solution is available,
appropriate techniques include grade stabilization and use
of bank protection to increase roughness along the

channel bank.

The primary concern to be aware of if applying bank-
protection treatments in a degrading channel is the
potential for the river to undermine the treatment by
lowering its channel bed. Consequently, the design of a
bank-protection technique applied at the toe of a bank
must be sufficient to withstand down-cutting. This
resistance is critical to project performance (in addition to

depth of scour calculations based on existing conditions).

To minimize or prevent further channel lowering, consider
stabilizing the bed using grade-control structures, such as
porous weirs or drop structures. Construction of grade-
control structures will prevent degradation upstream from
the structure. Degradation downstream from the structures
will continue if the cause of degradation is not controlled.
Bank and/or bed stabilization placed on a channel that is
actively incising has a strong potential for failure due to
undercutting of those treatments; consequently, an actively

incising channel requires aggressive bed stabilization.

Raising the channel to reconnect the old floodplain surface is
another option. This technique requires selecting appro-
priate locations to tie into the old channel, but it may

prove difficult if tie-in points are similarly incised.

Where a channel is shortened, lengthening the channel and
adding roughness elements are possibilities. This will
require a comprehensive study of undisturbed reaches or
reaches in a geomorphically similar river to understand
the river’s natural channel pattern, profile and dimensions.
Based on this information, the straightened reach can be
rechannelized to mimic its natural pattern, profile and
dimensions. Roughness elements, such as woody debris,
woody vegetation and randomly placed boulders, can be
incorporated in the rechannelized reach to enhance the

hydraulics and habitat of the reach.

Relocating the channel to reconnect the old floodplain surface
around an incised reach can be highly effective. However, for
this treatment, the abandoned channel must still be treated

so as not to recapture the main flow at a lower elevation.

Another alternative for treating a degrading channel is to
enhance the natural, incised-channel evolution process by
widening the incised channel. This will facilitate the
formation of a new, inset floodplain surface at a lower

elevation than the pre-incision surface.

Treatments to Prevent Avulsion or Chute Cutoff
Where a potential for channel avulsion or chute cutoff due
to aggradation is recognized, it is important to determine
the cause for that aggradation. Techniques that prevent
avulsion or chute cutoff will require long-term maintenance

if the causes of aggradation are not addressed.

Where overland flow is concentrated and creating a
potential for avulsion or chute cutoff, floodplain roughness and
flow spreaders can help reduce this potential. Trees and/or
large woody debris can be placed in a series of rows perpen-
dicular to the direction of overland flow to form small dams
that are porous and collect debris. They dissipate flow

energy and distribute the flow across the floodplain.

Another means of controlling overland flow is to construct
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