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1. Stream restoration in the United States is big business, with an-
nual expenditures in the billions of dollars and increasing every year.
2. Stream restoration, broadly defined, before 1980 typically involved
basic reconnaissance and little or no engineering design or related
standards of practice.

3. Perhaps the most important reasons for standards of practice is
to help develop criteria for measuring project success. Failure to
establish clear goals and objectives for projects makes establishing
design criteria difficult or perfunctory.

4. Because of the variability of natural systems (e.g., streams), some
have argued that standards for unique restoration projects are im-
plausible or inappropriate, but the restoration engineering commu-
nity has expressed a need for performance-based design criteria and
guidelines to develop such criteria.

5. Standards of practices for the restoration in the Driftless Area are
proposed in this paper.
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H istorically, stream restoration projects in U.S. were de-
signed and implemented by state or federal agencies,
who completed assessment, design, and construction internally.
The vast majority of trout stream habitat projects were small
in size and were able to be done cheaply by government work
crews. In the past 20 years, as funding has increased for stream
restoration projects, average project size, complexity and cost
have increased. In addition, our understanding of stream
hydrologic and geomorphic processes has expanded greatly.
Stream restoration is big business, with annual expenditures
in the billions of dollars and increasing every year (1).

As Koonce (2) details, designing and implementing stream
restoration techniques is a field of engineering and landscape
architecture that has no generally agreed upon standards of
practice. Many different approaches are used, some analytical
and others experience based, which leads to confusion and
disagreement among professionals and complicates adequate
review of proposed and completed projects.

Restoration is defined as the action of returning something
to its former condition. The Society for Ecological Restoration
defines ecological restoration as the process of assisting the
recovery of an ecosystem that has been degraded, damaged,
or destroyed. However, it is noted that stream restoration
commonly refers to a wide range of project types and activities,
including bank stabilization, channel reconstruction and fish
habitat installation (Table 1). In this section, historical and
current views on stream restoration standards of practice
are outlined, and recommendations are made for applying
standards of practice to projects in the Driftless Area.
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Fig. 1. Restored Driftless Area stream with armoring of the bank toe. Credit: Dauwal-
ter.

Industry Development of Practice Standards

Stream restoration project implementation before 1980 typi-
cally involved basic reconnaissance and little or no engineering
design or related standards of practice. Urban stabilization
projects utilized and are often still utilizing threshold channel
design standards or standard riprap calculations for basic hard
armoring, threshold channel design being focused on little to
no channel boundary movement at or below design flows (3, 4).
The Natural Resource Conservation Service (NRCS) has de-
veloped some standards for channel and wetland restoration,
but these sometimes involve hard armoring streambanks to a
specified water surface elevation (e.g., 25-year return interval
flow)(Fig. 1). More recent guideline documents integrate
geomorphology, bioengineering, and hydraulic engineering in
channel and bank stabilization design (5-10). From the evolu-
tion of these documents, it is evident that in the last 30 years,
stream restoration practitioners have been slowly developing a

Statement of Interest

In the last 30 years, stream restoration practitioners have been
slowly developing a collective standard of practice without for-
mally documenting or even being aware of the process. Per-
haps the most important reason for developing standards of
practice is to help develop criteria for measuring project suc-
cess.
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Table 1. Restoration has been defined with a very specific definition, but it is also used as a term that encompasses a variety of other related

terms and definitions. From Roni (18).

Term Definition

Restoration

To return an aquatic system or habitat to its original, undisturbed state. It can be partitioned into passive (removal of

human disturbance to allow recovery) or active (active manipulations to allow recovery). It is broadly used to include

additional terms below.

Rehabilitation

To restore or improve some aspects of an ecosystem but not fully restore all components.

Enhancement or Improvement

To improve the quality of a habitat through direct manipulation (placement of structures, addition of nutrients).

Reclamation To return an area to its previous habitat type but not necessarily fully restore all functions (e.g., removal of fill to expose
historical floodplain).

Creation Construction of new habitat or ecosystem where it did not previously exist (e.g., creation of off-channel pond).

Mitigation Action taken to alleviate or compensate for potentially adverse effects on aquatic habitat that have been modified or lost

through human activity (e.g., creation of new wetlands or replace those lost through land development).
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Fig. 2. The most effective river restoration projects lie at the intersection of the three
primary axes of success. From Palmer, et al. (17).

collective standard of practice without formally documenting
it or even being aware of the process.

Why Standards of Practice?. Perhaps the most important rea-
son for developing standards of practice is to help develop
criteria for measuring project success. Sustainable practices
in the field of river restoration include the development of
project design criteria, and a set of measurable goals for a
project (11). Such criteria might specify the river flows under
which a project will remain stable, or they might specify areas
and volumes of restored habitat. These numeric criteria are
measurable and can help determine if a project was successful
or not.

Researchers have long stressed the relationship between
goals and objectives and monitoring of project effectiveness
(2, 5, 12-16). As Koonce (2) states, failure to establish clear
goals and objectives also makes establishing design criteria
difficult or perfunctory.

Prior to establishing numeric design criteria, it is recom-
mended that project specific performance criteria be estab-
lished. These answer the more general question, “what are we
trying to achieve by doing this project?” and can be unspecific.
In their review on the subject, Palmer, et al. (17) proposed
five general criteria for measuring stream restoration project
success from an ecological perspective:

e The design should be based on a specified guiding image

of a more dynamic, healthy river that could exist at the
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site.

e The river’s ecological condition must be measurably im-
proved.

e The river system must be more self-sustaining and resilient
to external perturbations so that only minimal follow-up
maintenance is needed.

e During the construction phase, no lasting harm should
be inflicted on the ecosystem.

e Both pre- and post-assessment must be completed and
data made publicly available.

This list is a good starting point for developing performance
criteria for Driftless Area projects. Other performance cri-
teria may include such things as increased juvenile or adult
cover, increased spawning habitat, improved habitat for tur-
tles and other herptiles, increased bird habitat, or hydrologic
improvements such as reduced peak flows and increased base
flows. There is room in this process for the inclusion of other
performance criterion that relate to recreation (angling) and
agriculture, two obviously important regional considerations.
Palmer, et al. (17) argues rightly that projects labelled restora-
tion successes based on recreational or agricultural criteria
should not be assumed to be ecological successes, and that
projects initiated in whole or in part to restore a river or
stream must also be judged on whether the restoration is an
ecological success (Fig. 2).

Performance criteria and the subsequent numerical design
criteria are established through consensus with the project
funders, managers, and designers. The following list is an
example of some of the potential numerical design criteria for
an idealized channel meander restoration project:

e Design flows - The project shall be designed while consid-
ering baseflow (4.5 cubic feed per second [cfs]), bankfull
(12.8 cfs), and flood flows (50 years for floodplain stability,
100-year return interval flow for bridge stability).

o Installed elements shall be designed to undergo minimal
adjustment for the first eight years after establishment
of vegetation. During this initial period, installed be-
low bank project elements shall be stable up to but not
in excess of the 10-year flood event, whereas floodplain
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elements shall be stable up to but not in excess of the
25-flood event.

e The project will create 4.13 acres of new stream channel
(sub-bankfull) including a 20% increase in pool habitat
and spawning habitat over existing conditions, 14.5 acres
of reconstructed floodplain, and 4.2 acres of off-channel
vernal pool wetland habitat.

o Reconstructed road crossings shall be designed to pass
flows up to the 50-year return interval flow. Crossings
shall be designed to safely overtop without damage up to
the 100-year return interval flow.

The above example list is a truncated set, but the criteria
shown illustrate several important points. First, design criteria
establish the project risk boundaries, inside which the designers
must develop plans. The design flows are established, as are
the areas and volumes of habitat to be created. The designer
now has a set of recorded design targets from which to base
the design.

Second, the above criteria include event-based performance,
which is critical given the unpredictable nature of river flow.
The above project could design all elements to withstand
the 1,000-year flood event, but those solutions would likely
be prohibitively expensive, involve structural armoring, and
would not be conducive to improving trout populations, which
is typically the main goal of Driftless Area projects. Project
partners in this case have decided upon different flood flows
for initial stability.

Third, the criteria include temporal limits on stability. This
is a critical distinction in river restoration projects. Ideally,
the least expensive and most ecologically sound projects would
be those that establish a stream that is dynamically stable and
self-maintaining in the future. Any stream restoration that
involves hard armoring of any kind, particularly in alluvial
systems, will eventually fail, because the natural tendency of
rivers is to adjust both in cross-section and location within
a valley, either slowly over a series of smaller events (e.g.
sub bankfull) or dramatically during larger flood events. The
above example establishes a period of non-deformability, which
allows for stabilizing vegetation to establish. Beyond this
initial period, the river is allowed to adjust. The alternative
is to design a channel that is also non-deformable or static in
the long term, which may be desirable if the goal is to protect
infrastructure or cropland. The design life of a static project
is then based on the longevity of the materials and the forces
acting on those materials.

The standards of practice that assist in design criteria de-
velopment then include, among others, adequate assessment of
the geomorphology and ecology of the project area, prediction
of the geomorphic response of the reach in question, accurate
assessment of the hydrology of the region and the watershed,
calculation of hydraulics of the reach, determination of the
sediment transport affecting the project reach, and assessment
of factors that will determine vegetation establishment (e.g.
soils, climate)(Figs. 3, 4).

The Role of Engineering

In the 20th century, engineering of waterways was concen-
trated on either retaining water or removing water from ur-
ban/agricultural areas, resulting in damming, channelization
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Fig. 3. Evaluation of the planform geometry of Mill Creek, Minnesota across three
time periods. Credit: Inter-Fluve, Inc.
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Fig. 4. Annual peak steamflow for Mill Creek, Minnesota from 1962 to 1985. Credit:
Inter-Fluve, Inc.

and armoring of millions of miles of urban systems. This
approach did not typically include consideration of ecological
consequences. Conversely, habitat improvement or stream
restoration focused on fisheries in rural areas with limited engi-
neering considerations. Modern practitioners of river restora-
tion are recognizing that the synthesis of multiple disciplines
is required for successful restoration (2).

As river restoration projects become larger and more com-
plex, the risk associated with them increases. Projects involv-
ing channel relocation, floodplain grading, bank stabilization
and road crossing modification or replacement can fail in a
variety of ways. Failure of water projects can result in the
loss of the taxpayer or private funding that paid for implemen-
tation, loss of future restoration funding, and damage to life
and property. These risks and the definitions of engineering
and landscape architecture in most states require that modern
river restoration practice be subject to the rules governing
those fields. The state of Wisconsin defines the practice of en-
gineering as “any professional service requiring the application
of engineering principles and data, in which the public welfare
or the safeguarding of life, health or property is concerned
and involved, such as consultation, investigation, evaluation,
planning, design, or responsible supervision of construction, al-
teration, or operation, in connection with any public or private
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