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8.A Valley Form, Connectivity, and Dimension
• How do you incorporate all the spatial dimensions of the landscape into stream corridor restoration design?
• What criteria can be applied to facilitate good design decisions for stream corridor restoration?

8.B Soil Properties
• How do soil properties impact the design of restoration activities?
• What are the major functions of soils in the stream corridor?
• How are important soil characteristics, such as soil microfauna and soil salinity, accounted for in the design process?

8.C Vegetative Communities
• What is the role of vegetative communities in stream corridor restoration?
• What functions do vegetative communities fulfill in a stream corridor?
• What are some considerations in designing plant community restoration to ensure that all landscape functions are

addressed?
• What is soil bioengineering and what is its role in stream corridor restoration?

8.D Riparian / Terrestrial Habitat Recovery
• What are some specific tools and techniques that can be used to ensure recovery of riparian and terrestrial habitat

recovery?
8.E Stream Channel Restoration

• When is stream channel reconstruction an appropriate restoration option?
• How do you delineate the stream reach to be reconstructed?
• How is a stream channel designed and reconstructed?
• What are important factors to consider in the design of channel reconstruction (e.g., alignment and average slope,

channel dimensions)?
• Are there computer models that can assist with the design of channel reconstruction?

8.F Streambank Restoration Design
• When should streambank stabilization be included in a restoration?
• How do you determine the performance criteria for streambank treatment, including the methods and materials to be

used?
• What are some streambank stabilization techniques that can be considered for use?

8.G In-Stream Habitat Recovery
• What are the principal factors controlling the quality of instream habitat?
• How do you determine if an instream habitat structure is needed, and what type of structure is most appropriate?
• What procedures can be used to restore instream habitat?
• What are some examples of instream habitat structures?
• What are some important questions to address before designing, selecting or installing an instream habitat struc-

ture?
8.H Land Use Scenarios

• What role does land use play in stream corridor degradation and restoration?
• What design approaches can be used to address the impacts of various land uses (e.g., dams, agriculture, forestry,

grazing, mining, recreation, urbanization)?
• What are some disturbances that are often associated with specific land uses?
• What restoration measures can be used to mitigate the impacts of various land uses?
• What are the potential effects of the restoration measures?
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Design can be defined as the inten-
tional shaping of matter, energy, and pro-
cess to meet an expressed need. Planning
and design connect natural processes and
cultural needs through exchanges of mate-
rials, flows of energy, and choices of land
use and management. One test of a succes-
sful stream corridor design is how well the
restored system sustains itself over time while
accommodating identified needs.

To achieve success, those carrying
out restoration design and implementa-
tion invariable-land-use settings must un-
derstand the stream corridor, watershed,
and landscape as a complex of working
ecosystems that influence and are influen-
ced by neighboring ecosystems (Figure
8.1). The probability of achieving long-
term, self-sustaining functions across this
spatial complex increases with an under-
standing of these relationships, a com-

mon language for expressing them, and
subsequent response. Designing to achie-
ve stream- or corridor-specific solutions mi-
ght not resolve problems or recognize op-
portunities in the landscape.

Stream corridor restoration design
is still largely in an experimental stage. It is
known however, that restoration design
must consider site-specific or local condi-
tions to be successful. That is, the design
criteria, standards, and specifications
should be for the specific project in a
specific physical, climatic, and geographic
location. These initiatives, however, can
and should work with, rather than again-
st, the larger systems of which they are an
integral part.

This approach produces multiple
benefits, including:
• A healthy, sustainable pattern of land

uses across the landscape.

• Improved natural resource quality and
quantity.

• Restored and protected stream corri-
dors and associated ecosystems.

• A diversity of native plants and ani-
mals.

• A gene pool that promotes hardiness,
disease resistance, and adaptability.

• A sense of stewardship for private land-
owners and the public.

• Improved management measures that
avoid narrowly focused and fragment-
ed land treatment.

Building on information presented
in this chapter contains design guidance
and techniques to address changes cau-
sed by major disturbances and to restore
stream corridor structure and function to a
desired level. It begins with larger-scale
influences that design may have on stre-
am corridor ecosystems, offers design gui-
dance primarily at the stream corridor and
stream scales, and concludes with land
use scenarios.

The chapter is divided into seven
sections.

Section 8.A:
Valley Form, Connectivity,
and Dimension

This section focuses on restoring
structural characteristics that prevail at the
stream corridor and landscape scales.

Section 8.B:
Soil Properties

The restoration of soil properties
that are critical to stream corridor structure

8

Figure 8.1:

Restoration
Design
8.A Valley Form, Connectivity,

and Dimension
8.B Soil Properties
8.C Plant Communities
8.D Habitat Measures
8.E Stream Channel Restoration
8.F Streambank Restoration
8.G Instream Habitat Recovery
8.H Land Use Scenarios

Stream running through a wet
meadow. Restoration design must consider site-spe-
cific conditions as an integral part of larger sys-
tems.

“Leave It Alone / Let It Heal Itself”
There is a renewed emphasis on recovering damaged rivers (Barinaga 1996).
Along with this concern, however, people should be reminded periodically
that they serve as stewards of watersheds, not just tinkerers with stream sites.
Streams in pristine condition, for example, should not be artificially “im-
proved” by active rehabilitation methods.
At the other end of the spectrum, and particularly where degradation is caused
by off-stream activities, the best solution to a river management problem
might be to remove the problem source and “let it heal itself.” Unfortunately,
in severely degraded streams this process can take a long time. Therefore
the “leave it alone” concept can be the most difficult approach for people to
accept (Gordon et al. 1992).
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and functions are addressed in this sec-
tion.

Section 8.C:
Plant Communities

Restoring vegetative communities is
a highly visible and integral component
of a functioning stream corridor.

Section 8.D:
Habitat Measures

This section presents design guidan-
ce for some habitat measures. They are
often integral parts of stream corridor struc-

ture and functions.

Section 8.E:
Stream Channel Restoration

Restoring stream channel structure
and functions is often a fundamental step
in restoring stream corridors.

Section 8.F:
Streambank Restoration

This section focuses on design gui-
delines and related techniques for stream-
bank stabilization. These measures can
help reduce surface runoff and sediment

transport to the stream.

Section 8.G:
Instream Habitat Recovery

Restoring instream habitat structure
and functions is often a key component of
stream corridor restoration.

Section 8.H:
Land Use Scenarios

This final section offers broad desi-
gn concepts in the context of major land
use scenarios.

8.A Valley Form, Connectivity, and Dimension

Valley form, connectivity, and
dimension are variable structural cha-
racteristics that determine the interre-
lationship of functions at multiple sca-
les. Valley intersections (nodes) with
tributary stream corridors, slope of val-
ley sides, and floodplain gradient are
characteristics of valley form that in-
fluence many functions (Figure 8.2).

The broad concept of connectivi-
ty, as opposed to fragmentation, invol-

ves linkages of habitats, species, com-
munities, and ecological processes
across multiple scales (Noss 1991). Di-
mension encompasses width, lineari-
ty, and edge effect, which are critical
for movement of species, materials, and
energy within the stream corridor and
to or from ecosystems in the surroun-
ding landscape. Design should there-
fore address these large-scale characte-
ristics and their effect on functions.

Valley Form

In some cases, entire stream val-
leys have changed to the point of ob-
scuring geomorphic boundaries,
making stream corridor restoration dif-
ficult. Volcanoes, earthquakes, and lan-
dslides are examples of natural distur-
bances that cause changes in valley
form. Encroachment and filling of flo-

Figure 8.2: Stream
corridors. (a)
Stream valley side
slopes and (b)
floodplain gradi-
ents influence
stream corridor
function.

(a)

(b)

Figure 8.3: Connections across a stream corridor. A
ladder pattern of natural habitat can restore structure
and functions where competing land uses prevail.
Adapted from Ecology of Greenways: Design and
Function of Linear Conservation Areas. Edited by
Smith and Hellmund. © University of Minnesota
Press 1993.
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odplains are among the human-indu-
ced disturbances that modify valley
shape.

Stream Corridor
Connectivity and Dimension

Connectivity and dimensions of
the stream corridor present a set of
design-related decisions to be made.
How wide should the corridor be? How
long should the corridor be? What if
there are gaps in the corridor? These
structural characteristics have a signi-
ficant impact on corridor functions.
The width, length, and connectivity of
existing or potential stream corridor
vegetation, for example, are critical to
habitat functions within the corridor
and adjacent ecosystems.

Generally, the widest and most
contiguous stream corridor which achie-
ves habitat, conduit, filter, and other
functions (see Chapter 2) should be an
ecologically derived goal of restoration.
Thresholds for each function are likely
found at different corridor widths. The
appropriate width varies according to
soil type, with steep slopes requiring a
wider corridor for filter functions. A
conservative indicator of effective cor-
ridor width is whether a stream corri-
dor can significantly prevent chemical
contaminants contained in runoff from
reaching the stream (Forman 1995).

As discussed in Chapter 1, the
corridor should extend across the stre-
am, its banks, the floodplain, and the
valley slopes. It should also include a
portion of upland for the entire stream
length to maintain functional integrity
(Forman and Godron 1986).

A contiguous, wide stream corri-
dor might not be achievable, however,
particularly where competing land uses
prevail. In these cases, a ladder pat-
tern of natural habitat crossing the flo-
odplain and connecting the upland seg-
ments might facilitate sediment trap-
ping during floods and provide hydrau-
lic storage and organic matter for the
stream system (Dramstad et al. 1996).

Figure 8.3 presents an example
of these connections. The open areas
within the ladder pattern are repre-
sentative of areas that are unavailable
for restoration because of competing

Seepage
1. Sponge effect for hydrologic flows, mimimizing

downstream flooding
2. Control of dissolved-substance inputs from matrix

1st Order Stream
1. Same as for seepage

2nd to 4th Order Stream with Closed Canopy
1. Conduit for upland interior species; both sides of

stream so species readily crossing floodplain have
alternate routes

2. Control of dissolved-substance inputs from matrix
3. Conduit for streambank and floodplain species,

where beaver activities maintain water across the
floodplain and alter hillslope vegetation

4. Minimize hillslope erosion
5. Sponge effect for hydrologic flows, minimizing

downstream flooding
6. Friction effect, minimizing downstream

sedimentation
7. Protect high habitat diversity and species richness

of floodplain

2nd to 4th Order Stream with Open Canopy
1. Same as for 2nd to ca. 4th order stream, closed

canopy
2. Provide interior habitat for species conduit, as

migrating open stream intersects hillslopes causing
them to be open habitat

5th to 10th Order River
1. Conduit for upland interior species, on both sides of

river so species that rarely can cross the floodplain
have a route on each side

2. Provide interior habitat for species conduit, as
migrating open river intersects hillslopes causing
them to be open habitat

3. Minimize hillslope erosion
4. Shade and logs provide fish habitat where river is

adjacent to hillslope
5. Source of soil organic matter, an important base of

the river food chain
6. Shade and logs provide fish habitat wherever river

is as it migrates across the floodplain
7. Genetic benefit to upland species that can use

habitat continuity to infrequently cross floodplain
8. Sponge effect for hydrologic flows, minimizing

downstream flooding
9. Friction effect minimizing downstream

sedimentation
10.Protect high habitat diversity and species richness

of floodplain
11.Conduit for semiaquatic and other organisms

dependent on river channel resources

Corridor Width Variables
The minimum width of stream corridors based on ecological criteria (Figure
8.4). Five basic situations in a river system are identified, progressing from
seepage to river. The key variables determining minimum corridor width are
listed under each.

Figure 8.4: Factors for determining
minimum corridor widths. Stream cor-
ridor functions are directly influenced
by corridor width. (See Figure 8.3).
Source: Richard T.T. Forman, 1995.
Land Mosaics, Cambridge University
Press. Reprinted with the permission
of Author and Cambridge University
Press.

matrix
edge portion of corridor in upland
interior portion of corridor in upland
hillslope
floodplain
meander band
interior of patch of natural floodplain vegetation
edge of patch of natural floodplain vegetation
other ecologically-compatible land use



RESTORATION DESIGN244

Biologia Ambientale, 16 (n. 2, 2002)

land uses.
Innovative management practi-

ces that serve the functions of the cor-
ridor beyond land ownership bounda-
ries can often be prescribed where land
owners are supportive of restoration.
Altering land cover, reducing chemi-
cal inputs, carefully timed mowing, and
other management practices can redu-
ce disturbance in the corridor.

Practical considerations may re-
strict restoration to a zone of predefi-
ned width adjacent to the stream. Al-
though often unavoidable, such restric-
tions tend to result in underrepresen-
tation of older, off-channel environ-
ments that support vegetation diffe-
rent from that in stream-front commu-
nities. Restricting restoration to a nar-
row part of the stream corridor usually
does not restore the full horizontal di-
versity of broad floodplains, nor does
it fully accommodate functions that oc-
cur during flood events, such as use of
the floodplain by aquatic species
(Wharton et al. 1982).

In floodplains where extensive
subsurface hydrologic connections
exist, limiting restoration to streamsi-
de buffer zones is not recommended
since significant amounts of energy,
nutrient transformation, and inverte-
brate activities can occur at great di-
stances from the stream channel outsi-
de the buffer areas (Sedell et al. 1990).
Similarly, failure to anticipate chan-
nel migration or periodic beaver acti-
vity might result in a corridor that does
not accommodate fundamental dyna-
mic processes (Malanson 1993).

As previously discussed, restora-
tion of an ecologically effective stream
corridor requires consideration of
uplands adjacent to the channel and
floodplain.

Hillslopes might be a source area
for water maintaining floodplain
wetlands, a sediment source for chan-
nels on bedrock, and the principal sour-
ce of organic debris in high-gradient
streams.

Despite these considerations,
stream corridors are often wrongly
viewed as consisting of only the chan-
nel and an adjacent vegetative buffer.
The width of the buffer is determined
by specific objectives such as control of
agricultural runoff or habitat require-

ments of particular animal species.
This narrow definition obviously does
not fully accommodate the extent of
the functions of a stream corridor; but
where the corridor is limited by immo-
vable resource uses, it often becomes a
part of a restoration strategy.

Cognitive Approach:
The Reference Stream Corridor

Ideal stream corridor widths, as
previously defined, are not always
achievable in the restoration design. A
local reference stream corridor might
provide dimensions for designing the
restoration.

Examination of landscape pat-
terns is beneficial in identifying a re-
ference stream corridor. The referen-
ce should provide information about
gap width, landform, species require-
ments, vegetative structure, and boun-
dary characteristics of the stream cor-
ridor (Figure 8.5).

Restoration objectives determi-
ne the desired levels of functions spe-
cified by the restoration design. If a
nearby stream corridor in a similar
landscape setting and with similar land
use variables provides these functions
adequately, it can be used to indicate
the connectivity and width attributes
that should be part of the design.

Analytical Approach: Functional
Requirements of a Target Species

The restoration plan objectives
can be used to determine dimensions
for the stream corridor restoration. If,

for example, a particular species re-
quires that the corridor offer interior
habitat, the corridor width is sized to
provide the necessary habitat. The re-
quirements of the most sensitive spe-
cies typically are used for optimum cor-
ridor dimensions. When these dimen-
sions extend beyond the land base avai-
lable for restoration, management of
adjacent land uses becomes a tool for
making the corridor effectively wider
than the project parameters.

Optimum corridor dimensions
can be achieved through collaboration
with individuals and organizations who
have management authority over adja-
cent lands. Dimensions include width
of edge effect associated with bounda-
ries of the corridor and pattern varia-
tions within the corridor, maximum
acceptable width of gaps within the
corridor, and maximum number of
gaps per unit length of corridor.

Designing for Drainage
and Topography

The stream corridor is depen-
dent on interactions with the stream to
sustain its character and functions (see
Chapter 2). Therefore, to the extent
feasible, the restoration process should
include blockage of artificial drainage
systems, removal or setback of artifi-
cial levees, and restoration of natural
patterns of floodplain topography, un-
less these actions conflict with other
social or environmental objectives (e.g.,
flooding or habitat).

Restoration of microrelief is par-
ticularly important where natural floo-
ding has been reduced or curtailed
because a topographically complex flo-
odplain supports a mosaic of plant com-
munities and ecosystem functions as a
result of differential ponding of rain-
fall and interception of ground water.
Microrelief restoration can be accom-
plished by selective excavation of hi-
storic features within the floodplain
such as natural wetlands, levees,
oxbows, and abandoned channels. Ae-
rial photography and remotely sensed
data, as well as observations in refe-
rence corridors, provide an indication
of the distribution and dimensions of
typical floodplain microrelief features.

Figure 8.5: A maple in a New Mexico flood-
plain. A rare occurrence of a remnant popu-
lation may reflect desired conditions in a
reference stream corridor.
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Stream corridor functions de-
pend not only on the connectivity and
dimensions of the stream corridor, but
also on its soils and associated vegeta-
tion. The variable nature of soils across
and along stream corridors results in
diverse plant communities (Figure 8.6).
When designing stream corridor resto-
ration measures, it is important to ca-
refully analyze the soils and their rela-
ted potentials and limitations to sup-
port diverse native plant and animal
communities, as well as for restoration
involving channel reconstruction.

Where native floodplain soils
remain in place, county soil surveys
should be used to determine basic site
conditions and fertility and to verify
that the proposed plant species to be
restored are appropriate. Most sites
with fine-textured alluvium will not
require supplemental fertilization, or
fertilizers might be required only for
initial establishment. In these cases
excessive fertilization could encoura-
ge competing weed species or exotics.
Soil should always be tested before
making any fertilizer design recommen-
dations.

County soil surveys can provide
basic information such as engineering
limitations or suitabilities. Site-speci-
fic soil samples should, however, be
collected and tested when the restora-
tion involves alternatives that include
stream reconstruction.

The connections and feedback
loops between runoff and the structu-
re and functions of streams are descri-
bed in Chapter 2. The functions of soil
and the connection between soil quali-
ty, runoff, and water quality are also
established in that chapter. These con-
nections need to be identified and con-
sidered in any stream corridor restora-
tion plan and design. For all land uses,
emphasis needs to be placed on imple-
menting conservation land treatment
that promotes soil quality and the abi-
lity of the soils to carry out four major
functions:
• Regulating and partitioning the

flow of water (a conduit and filter
function).

• Storing and cycling nutrients and
other chemicals (a sink and filter
function).

• Filtering, buffering, degrading, im-
mobilizing, and detoxifying organ-
ic and inorganic materials (a filter,
sink, and barrier function).

• Supporting biological activity in the
landscape (a source and habitat
function).

References such as Field Office
Technical Guide (USDA-NRCS) contain
guidance on the planning and selec-
tion of conservation practices and are
available at most county offices.

Compaction

Soils that have been in row crops
or have undergone heavy equipment
traffic (such as that associated with con-
struction) can develop a relatively im-
permeable compacted layer (plow pan
or hard pan) that restricts water move-
ment and root penetration (Figure 8.7).
Such soils might require deep plowing,
ripping, or vegetative practices to bre-
ak up the pan, although even these are
sometimes ineffective. Deep plowing
is usually expensive and, at least in
the East, should be used only if the
planting of a species that is able to
penetrate the pan layer is not a viable
option.

Soil Microfauna

On new or disturbed substrates,
or on row-cropped sites, essential soil
microorganisms (particularly mycorrhi-
zal fungi) might not exist. These are
most effectively replaced by using roo-
ted plant material that is inoculated or
naturally infected with appropriate
fungi. Stockpiling and reincorporating
local topsoils into the substrate prior
to planting is also effective (Allen
1995). Particular care should be taken
to avoid disturbing large trees or stum-
ps since the soils around and under
them are likely source areas for reesta-
blishment of a wide variety of microor-
ganisms. Inoculation can be useful in
restoring some soil mycorrhizal fungi

8.B Soil Properties

Figure 8.6: Distinct vegetation zones along
a mountain stream. Variable soils result in
diverse plant communities.

Figure 8.7: Compaction
of streamside soil.
Compact soils may re-
quire deep plowing, rip-
ping, or vegetative prac-
tices to break up the im-
permeable layer.
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for particular species when naturally
infected plant stock is unavailable.

Soil Salinity

Soil salinity is another impor-
tant consideration in restoration be-
cause salt accumulation in the soil can
restrict plant growth and the establish-

ment of riparian species. High soil sa-
linity is not common in healthy ripa-
rian ecosystems where annual spring
floods remove excess salts. Soil salini-
ty can also be altered by leaching salts
through the soil profile with irrigation
(Anderson et al. 1984). Because of agri-
cultural drainage and altered flows due
to dam construction, salt accumulation
often contributes to riparian plant com-

munity declines.
Soil sampling throughout a re-

storation site may be necessary since
salinity can vary across a floodplain,
even on sites of less than 20 acres. If
salinity is a problem, one must select
plant materials adapted to a saline soil
environment.

8.C Plant Communities

Vegetation is a fundamental con-
trolling factor in stream corridor func-
tion. Habitat, conduit, filter/barrier,
source, and sink functions are all criti-
cally tied to the vegetative biomass
amount, quality, and condition (Figure
8.8). Restoration designs should pro-
tect existing native vegetation and re-
store vegetative structure to result in a
contiguous and connected stream cor-
ridor.

Restoration goals can be general
(e.g., returning an area to a reference
condition) or specific (e.g., restoring
habitats for particular species of inte-
rest such as the least Bell’s vireo, Vireo
bellii [Baird and Rieger 1988], or yel-
low-billed cuckoo, Coccyzus americana
[Anderson and Laymon 1988]).

Numerous shrubs and trees have
been evaluated as restoration candi-
dates, including willows (Svejcar et al.
1992, Hoag 1992, Conroy and Svejcar
1991, Anderson et al. 1978); alder,
service-berry, oceanspray, and vine
maple (Flessner et al. 1992); cottonwo-

od and poplar (Hoag 1992); Sitka and
thinleaf alder (Java and Everett 1992);
palo verde and honey mesquite (An-
derson et al. 1978); and many others.
Selection of vegetative species may be
based on the desire to provide habitat
for a particular species of interest. The
current trend in restoration, however,
is to apply a multispecies or ecosystem
approach.

Riparian Buffer Strips

Managers of riparian systems
have long recognized the importance
of buffer strips, for the following rea-
sons (USACE 1991):
• Provide shade that reduces water

temperature.
• Cause deposition of (i.e., filter) sed-

iments and other contaminants.
• Reduce nutrient loads of streams.
• Stabilize streambanks with vegeta-

tion.
• Reduce erosion caused by uncon-

trolled runoff.
• Provide riparian wildlife habitat.
• Protect fish habitat.
• Maintain aquatic food webs.
• Provide a visually appealing green-

belt.
• Provide recreational opportunities.

Although the value of buffer stri-
ps is well recognized, criteria for their
sizing are variable. In urban stream
corridors a wide forest buffer is an
essential component of any protection
strategy. Its primary value is to provi-
de physical protection for the stream
channel from future disturbance or
encroachment. A network of buffers
acts as the right-of-way for a stream
and functions as an integral part of the
stream ecosystem.

Often economic and legal consi-
derations have taken precedence over
ecological factors. For Vermont, USA-
CE (1991) suggests that narrow strips
(100 ft. wide) may be adequate to pro-
vide many of the functions listed abo-
ve. For breeding bird populations on
Iowa streams, Stauffer and Best (1980)
found that minimum strip widths va-
ried from 40 ft. for cardinals to 700 ft.
for scarlet tanagers, American redstar-
ts, and rufous-sided towhees.

In urban settings buffer sizing
criteria may be based on existing site
controls as well as economic, legal, and
ecological factors. Practical performan-
ce criteria for sizing and managing ur-
ban buffers are presented in the box
Designing Urban Stream Buffers. Cle-
arly, no single recommendation would
be suitable for all cases.

Because floodplain/riparian ha-
bitats are often small in area when
compared to surrounding uplands,

Figure 8.8: Stream cor-
ridor vegetation. Vege-
tation is a fundamental
controlling factor in the
functioning of stream
corridors.
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meeting the minimum area needs of a
species, guild, or community is espe-
cially important. Minimum area is the
amount of habitat required to support
the expected or appropriate use and
can vary greatly across species and sea-
sons. For example, Skagen (USGS, Bio-
logical Resources Division, Ft. Collins,
Colorado; unpubl. data) found that,
contrary to what might be considered
conventional wisdom, extensive stre-
am corridors in southeastern Arizona
were not more important to migrating
birds than isolated patches or oases of
habitat. In fact, oases that were <2.5
miles long and <30 ft. in width had
more species and higher numbers of
nonbreeding migrants than did corri-
dors. Skagen found that the use of oa-
ses, as well as corridors, is consistent
with the observed patterns of long di-
stance migrants, where migration oc-
curs along broad fronts rather than
north-south corridors. Because small
and/or isolated patches of habitat can
be so important to migrants, riparian
restoration efforts should not overlook
the important opportunities they af-
ford.

Existing Vegetation

Existing native vegetation
should be retained to the extent feasi-
ble, as should woody debris and stum-
ps (Figure 8.9). In addition to provi-
ding habitat and erosion and sediment
control, these features provide seed
sources and harbor a variety of micro-
organisms, as described above. Old fen-
cerows, vegetated stumps and rock pi-

les in fields, and isolated shade trees
in pastures should be retained throu-
gh restoration design, as long as the
dominant plant species are native or
are unlikely to be competitors in a ma-
trix of native vegetation (e.g., fruit tre-
es).

Nonnative vegetation can pre-
vent establishment of desirable native
species or become an unwanted per-
manent component of stream corridor
vegetation. For example, kudzu will
kill vegetation. Generally, forest spe-
cies planted on agricultural land will
eventually shade out pasture grasses
and weeds, although some initial con-
trol (disking, mowing, burning) might
be required to ensure tree establish-
ment.

Plant Community
Restoration

An objective of stream corridor
restoration work might be to restore
natural patterns of plant community
distribution within the stream corri-
dor. Numerous publications describe
general distribution patterns for va-
rious geomorphic settings and flow
conditions (e.g., Brinson et al. 1981,
Wharton et al. 1982), and county soil
surveys generally describe native ve-
getation for particular soils. More de-
tailed and site-specific plant commu-
nity descriptions may be available from
state Natural Heritage programs, chap-
ters of The Nature Conservancy, or
other natural resources agencies and
organizations.

Examination of the reference

stream corridor, however, is often the
best way to develop information on
plant community composition and di-
stribution. Once reference plant com-
munities are defined, design can be-
gin to detail the measures required to
restore those communities (Figure
8.10). Rarely is it feasible or desirable
to attempt to plant the full comple-
ment of appropriate species on a parti-
cular site. Rather, the more typical ap-
proach is to plant the dominant spe-
cies or those species unlikely to coloni-
ze the site readily. For example, in the
complex bottomland hardwood forests
of the Southeast, the usual focus is on
planting oaks.

Oaks are heavy-seeded, are often
shade-intolerant, and may not be able
to readily invade large areas for gene-
rations unless they are introduced in
the initial planting plan, particularly
if flooding has been reduced or curtai-
led. It is assumed that lighter-seeded
and shade-tolerant species will invade
the site at rates sufficient to ensure
that the resulting forest is adequately
diverse. This process can be accelera-
ted by planting corridors of fast-
growing species (e.g., cottonwoods)
across the restoration area to promote
seed dispersal.

In areas typically dominated by
cotton-woods and willows, the empha-
sis might be to emulate natural patter-
ns of colonization by planting groves of
particular species rather than mixed

Figure 8.9: Remnant
vegetation and woody
debris along a stream.
Attempts should be made
to preserve existing veg-
etation within the stream
corridor.

Figure 8.10: A thriving and diverse plant
community within a stream corridor. Ex-
amination of reference plant communities is
often the best way to develop information
on the composition and distribution of plant
communities at the restoration site.
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The ability of an urban stream buffer to realize its many
benefits depends to a large degree on how well it is
planned, designed, and maintained. Ten practical perform-
ance criteria are offered to govern how a buffer is to be
sized, managed, and crossed. The key criteria include:
Criteria 1: Minimum total buffer width.
Most local buffer criteria require that development be set
back a fixed and uniform distance from the stream chan-
nel. Nationally, urban stream buffers range from 20 to 200
ft. in width from each side of the stream according to a
survey of 36 local buffer programs, with a median of 100 ft.
(Schueler 1995). In general, a minimum base width of at
least 100 feet is recommended to provide adequate
stream protection.
Criteria 2: Three-zone buffer system.
Effective urban stream buffers have three lateral zones—
stream side, middle core, and outer zone. Each zone per-
forms a different function, and has a different width, veg-
etative target and management scheme. The stream side
zone protects the physical and ecological integrity of the
stream ecosystem. The vegetative target is mature ripar-
ian forest that can provide shade, leaf litter, woody debris,
and erosion protection to the stream. The middle zone
extends from the outward boundary of the stream side
zone, and varies in width, depending on stream order, the
extent of the 100-yr floodplain, adjacent steep slopes, and
protected wetland areas. Its key functions are to provide
further distance between upland development and the
stream. The vegetative target for this zone is also mature
forest, but some clearing may be allowed for storm water
management, access, and recreational uses.
The outer zone is the buffer’s “buffer,” an additional 25-ft.
setback from the outward edge of the middle zone to the
nearest permanent structure. In most instances, it is a resi-
dential backyard. The vegetative target for the outer zone
is usually turf or lawn, although the property owner is en-
couraged to plant trees and shrubs, and thus increase the
total width of the buffer. Very few uses are restricted in this
zone. Indeed, gardening, compost piles, yard wastes, and
other common residential activities often will occur in the
outer zone.
Criteria 3: Predevelopment vegetative target.
The ultimate vegetative target for urban stream buffers
should be specified as the predevelopment riparian plant
community—usually mature forest. Notable exceptions
include prairie streams of the Midwest, or arroyos of the
arid West, that may have a grass or shrub cover in the
riparian zone. In general, the vegetative target should be
based on the natural vegetative community present in the
floodplain, as determined from reference riparian zones.
Turfgrass is allowed for the outer zone of the buffer.

Designing Urban Stream Buffers

Criteria 4: Buffer expansion and contraction.
Many communities require that the minimum width of the
buffer be expanded under certain conditions. Specifically,
the average width of the middle zone can be expanded to
include:
• the full extent of the 100-yr floodplain;
• all undevelopable steep slopes (greater than 25%);
• steep slopes (5 to 25% slope, at four additional ft. of

slope per one percent increment of slope above 5%);
• or any adjacent delineated wetlands or critical habitats.
Criteria 5: Buffer delineation.
Three key decisions must be made when delineating the
boundaries of a buffer. At what mapping scale will streams
be defined? Where does the stream begin and the buffer
end? And from what point should the inner edge of the
buffer be measured? Clear and workable delineation cri-
teria should be developed.
Criteria 6: Buffer crossings.
Major objectives for stream buffers are to maintain an
unbroken corridor of riparian forest and to allow for up-
stream and downstream fish passage in the stream net-
work. From a practical stand-point, however, it is not al-
ways possible to try to meet these goals everywhere along
the stream buffer network. Some provision must be made
for linear forms of development that must cross the stream
or the buffer, such as roads, bridges, fair-ways, under-
ground utilities, enclosed storm drains or outfall channels.
Criteria 7: Storm water runoff.
Buffers can be an important component of the storm water
treatment system at a development site. They cannot,
however, treat all the storm water runoff generated within a
watershed (generally, a buffer system can only treat runoff
from less than 10% of the contributing watershed to the
stream). Therefore, some kind of structural BMP must be
installed to treat the quantity and quality of storm water
runoff from the remaining 90% of the watershed.
Criteria 8: Buffers during plan review and construction.
The limits and uses of the stream buffer systems should
be well defined during each stage of the development
process—from initial plan review, through construction.
Criteria 9: Buffer education and enforcement.
The future integrity of a buffer system requires a strong
education and enforcement program. Thus, it is important
to make the buffer “visible” to the community, and to en-
courage greater buffer awareness and stewardship among
adjacent residents. Several simple steps can be taken to
accomplish this.
• Mark the buffer boundaries with permanent signs that

describe allowable uses
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stands, and by staggering the planting
program over a period of years to ensu-
re structural variation. Where conifers
tend to eventually succeed riparian
hardwoods, some restoration designs
may include scattered conifer plantin-
gs among blocks of pioneer species, to
accelerate the transition to a conifer-
dominated system.

Large-scale restoration work so-
metimes includes planting of under-
story species, particularly if they are
required to meet specific objectives
such as providing essential componen-
ts of endangered species habitat. Howe-
ver, it is often difficult to establish
understory species, which are typically
not tolerant to full sun, if the restora-
tion area is open. Where particular
understory species are unlikely to esta-
blish themselves for many years, they
can be introduced in adjacent forested
sites, or planted after the initial tree
plantings have matured sufficiently to
create appropriate understory condi-
tions. This may also be an appropriate
approach for introducing certain over-
story species that might not survive
planting in full sun (Figure 8.11).

The concept of focusing restora-
tion actions on a limited group of over-
story species to the exclusion of under-
story and other overstory species has
been criticized. The rationale for favo-
ring species such as oaks has been to
ensure that restored riparian and floo-
dplain areas do not become domina-
ted by opportunistic species, and that

wildlife functions and timber values
associated with certain species will be
present as soon as possible. It has been
documented that heavy-seeded species
such as oaks may be slow to invade a
site unless planted (see Tennessee Val-
ley Authority Floodplain Reforestation
Projects—50 Years Later), but differen-
tial colonization rates probably exclu-
de a variety of other species as well.
Certainly, it would be desirable to in-
troduce as wide a variety of appropria-
te species as possible; however, costs
and the difficulties of doing supple-
mental plantings over a period of ye-
ars might preclude this approach in
most instances.

Plant species should be distri-
buted within a restoration site with
close attention to microsite conditions.
In addition, if stream meandering beha-
vior or scouring flows have been cur-
tailed, special effort is required to

maintain communities that normally
depend on such behavior for natural
establishment. These may include
oxbow and swale communities (bald
cypress, shrub wetlands, emergent
wetlands), as well as communities cha-
racteristic of newly deposited soils (cot-
tonwoods, willows, alders, silver maple,
etc.). It is important to recognize that
planting vegetation on sites where re-
generation mechanisms no longer ope-
rate is a temporary measure, and long-
term management and periodic replan-
ting is required to maintain those fun-
ctions of the ecosystem.

In the past, stream corridor plan-
ting programs often included nonnati-
ve species selected for their rapid
growth rates, soil binding characteri-
stics, ability to produce abundant frui-
ts for wildlife, or other perceived
advantages over native species. These
actions sometimes have unintended

• Educate buffer owners about the benefits and uses of
the buffer with pamphlets, stream walks, and meetings
with homeowners associations

• Ensure that new owners are fully informed about buffer
limits/uses when property is sold or transferred

• Engage residents in a buffer stewardship program that
includes reforestation and backyard “bufferscaping” pro-
grams

• Conduct annual buffer walks to check on encroachment
Criteria 10: Buffer flexibility.
In most regions of the country, a hundred-foot buffer will
take about 5% of the total land area in any given water-
shed out of use or production. While this constitutes a rela-
tively modest land reserve at the watershed scale, it can
be a significant hardship for a landowner whose property

is adjacent to a stream. Many communities are legitimately
concerned that stream buffer requirements could repre-
sent an uncompensated “taking” of private property. These
concerns can be eliminated if a community incorporates
several simple measures to ensure fairness and flexibility
when administering its buffer program. As a general rule,
the intent of the buffer program is to modify the location of
development in relation to the stream but not its overall
intensity. Some flexible measures in the buffer ordinance
include:
• Maintaining buffers in private ownership
• Buffer averaging
• Density compensation
• Variances
• Conservation easements

Figure 8.11: Restora-
tion of understory plant
species. Understory
species can be intro-
duced at the restoration
site after the initial tree
plantings have matured
sufficiently.
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consequences and often prove to be
extremely detrimental (Olson and
Knopf 1986). As a result, many local,
county, state, and federal agencies di-
scourage or prohibit planting of non-
native species within wetlands or stre-
amside buffers. Stream corridor resto-
ration designs should emphasize nati-
ve plant species from local sources. It
may be feasible in some cases to focus
restoration actions on encouraging the
success of local seedfall to ensure that
locally adapted populations of stream
corridor vegetation are maintained on
the site (Friedmann et al. 1995).

Plant establishment techniques
vary greatly depending on site condi-
tions and species characteristics. In arid
regions, the emphasis has been on
using poles or cuttings of species that
sprout readily, and planting them to
depths that will ensure contact with
moist soil during the dry season (Figu-
re 8.12). Where water tables have de-
clined precipitously, deep auguring
and temporary irrigation are used to
establish cuttings and rooted or con-
tainer-grown plants. In environments
where precipitation or ground water is
adequate to sustain planted vegetation,
prolonged irrigation is less common,
and bare-root or container-grown plan-
ts are often used, particularly for spe-
cies that do not sprout reliably from
cuttings.

On large floodplains of the Sou-
th and East, direct seeding of acorns
and planting of dormant bare-root ma-

terial have been highly successful.
Other options, such as transplanting
of salvaged plants, have been tried with
varying degrees of success. Local expe-
rience should be sought to determine
the most reliable and efficient plant
establishment approaches for particu-
lar areas and species, and to determi-
ne what problems to expect.

It is important to protect plan-
tings from livestock, beaver, deer, small
mammals, and insects during the esta-
blishment period. Mortality of vegeta-
tion from deer browsing is common
and can be prevented by using tree
shelters to protect seedlings.

Horizontal Diversity

Stream corridor vegetation, as
viewed from the air, would appear as a

mosaic of diverse plant communities
that runs from the upland on one side
of the stream corridor, down the valley
slope, across the floodplain, and up
the opposite slope to the upland. With
such broad dimensional range, there
is a large potential for variation in
vegetation. Some of the variation is a
result of hydrology and stream dyna-
mics, which will be discussed later in
this chapter. Three important structu-
ral characteristics of horizontal diver-
sity of vegetation are connectivity, gaps,
and boundaries.

Connectivity and Gaps
As discussed earlier, connectivi-

ty is an important evaluation parame-
ter of stream corridor functions, facili-
tating the processes of habitat, con-
duit, and filter/barrier. Stream corri-
dor restoration design should maximi-
ze connections between ecosystem fun-
ctions. Habitat and conduit functions
can be enhanced by linking critical eco-
systems to stream corridors through
design that emphasizes orientation and
proximity. Designers should consider
functional connections to existing or
potential features such as vacant or
abandoned land, rare habitat, wetlan-
ds or meadows, diverse or unique ve-
getative communities, springs, ecolo-
gically innovative residential areas, mo-
vement corridors for flora and fauna,

Low Water Availability
In areas where water levels are low, artificial plantings will not survive if their
roots cannot reach the zone of saturation. Low water availability was associ-
ated with low survival rates in more than 80 percent of unsuccessful
revegetation work examined in Arizona (Briggs 1992). Planting long poles
(20 ft.) of Fremont cottonwood (Populus fremontii) and Gooding willow in
augered holes has been successful where the ground water is more than 10
ft. below the surface (Swenson and Mullins 1985). In combination with an
irrigation system, many planted trees are able to reach ground water 10 ft.
below the surface when irrigated for two seasons after planting (Carothers et
al. 1990). Sites closest to ground water, such as secondary channels, de-
pressions, and low sites where water collects, are the best candidates for
planting, although low-elevation sites are more prone to flooding and flood
damage to the plantings. Additionally, the roots of many riparian species
may become dormant or begin to die if inundated for extended periods of
time (Burrows and Carr 1969).

Figure 8.12: Revegeta-
tion with the use of deep-
ly planted live cuttings.
In arid regions, poles or
cuttings of species that
sprout readily are often
planted to depths that
assure contact with
moist soil.

Stream corridor restoration de-
signs should emphasize native
plant species from local sources.
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The oldest known large-scale resto-
ration of forested wetlands in the
United States was undertaken by the
Tennessee Valley Authority in con-
junction with reservoir construction
projects in the South during the
1940s. Roads and railways were re-
located outside the influence of maxi-
mum pool elevations, but where they
were placed on embankments, TVA
was concerned that they would be
subject to wave erosion during peri-
ods of extreme high water. To reduce
that possibility, agricultural fields be-
tween the reservoir and the em-
bankments were planted with trees
(Figure 8.13). At Kentucky Reservoir
in Kentucky and Tennessee, ap-
proximately 1,000 acres were
planted, mostly on hydric soils adja-
cent to tributaries of the Tennessee
River. Detailed records were kept re-
garding the species planted and sur-
vival rates.
Some of these stands were recently
located and studied to evaluate the
effectiveness of the original refor-
estation effort, and to determine the
extent to which the planted forests
have come to resemble natural
stands in the area.
Because the purpose of the plantings
was erosion control, little thought was
given to recreating natural patterns
of plant community composition and
structure. Trees were evenly spaced

in rows, and planted species were apparently chosen for maximum flood
tolerance. As a result, the studied stands had an initial composition domi-
nated by bald cypress, green ash, red maple, and similarly water-tolerant
species, but they did not originally contain many of the other common
bottomland forest species, such as oaks.
Shear et al. (in press) compared the plant communities of the planted stands
with forests on similar sites that had been established by natural invasion of
abandoned fields. They also looked at older stands that had never been
converted to agriculture. The younger planted and natural stands were similar
to the older stands with regard to understory composition, and measures of
stand density and biomass were consistent with patterns typical for the age of
the stands. Overstory composition of the planted stands was very different
from that of the others, reflecting the original plantings. However, both the
planted sites and the fields that had been naturally invaded had few individu-
als of heavy-seeded species (oaks and hickories), which made up 37 percent
of the basal area of the older stands.
Oaks are an important component of southern bottomlands and are regarded
as particularly important to wildlife. In most modern restoration plantings, oaks
are favored on the assumption that they will not quickly invade agricultural
fields. The stands at Kentucky Reservoir demonstrate that planted bottomland

Tennessee Valley Authority Floodplain Reforestation Projects
50 Years Later

forests can develop structural and
understory conditions that resem-
ble those of natural stands within
50 years (Figure 8.14). Stands that
were established by natural inva-
sion of agricultural fields had simi-
lar characteristics. The major
compositional deficiency in both of
the younger stands was the lack of
heavy-seeded species. The results
of this study appear to support the
practice of favoring heavy-seeded
species in bottomland forest resto-
ration initiatives.

Figure 8.14: Ken-
tucky Reservoir
watershed in 1991.
Thriving bottom-
land hardwood for-
est.

Figure 8.13: Ken-
tucky Reservoir
watershed, 1943.
Planting aban-
doned farmland
with trees.
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or associated stream systems. This al-
lows for movement of materials and
energy, thus increasing conduit func-
tions and effectively increasing habi-
tat through geographic proximity.

Generally, a long, wide stream
corridor with contiguous vegetative
cover is favored, though gaps are com-
monplace. The most fragile ecological
functions determine the acceptable
number and size of gaps. Wide gaps
can be barriers to migration of smaller
terrestrial fauna and indigenous plant
species. Aquatic fauna may also be li-
mited by the frequency or dimension
of gaps. The width and frequency of
gaps should therefore be designed in
response to planned stream corridor
functions. Bridges have been designed
to allow migration of animals, along
with physical and chemical connections
of river and wetland flow. In Florida,
for example, underpasses are con-
structed beneath roadways to serve as
conduits for species movement (Smith
and Hellmund 1993). The Netherlan-
ds has experimented with extensive
species overpasses and underpasses to
benefit particular species (Figure 8.15).
Although not typically equal to the
magnitude of an undisturbed stream
corridor lacking gaps, these measures
allow for modest functions as habitat
and conduit.

The filtering capacity of stream
corridors is affected by connectivity and
gaps. For example, nutrient and water
discharge flowing overland in sheet
flow tends to concentrate and form ril-
ls. These rills in turn often form gul-
lies. Gaps in vegetation offer no oppor-
tunity to slow overland flow or allow
for infiltration. Where reference di-
mensions are similar and transfera-
ble, restored plant communities should
be designed to exhibit structural di-
versity and canopy closure similar to
that of the reference stream corridor.
The reference stream corridor can pro-

vide information regarding plant spe-
cies and their frequency and distribu-
tion. Design should aim to maintain
the filtering capacity of the stream cor-
ridor by minimizing gaps in the corri-
dor’s width and length.

Buffer configuration and compo-
sition have also received attention sin-
ce they influence wildlife habitat qua-
lity, including suitability as migration
corridors for various species and suita-
bility for nesting habitat. Reestablish-
ment of linkages among elements of
the landscape can be critically impor-
tant for many species (Noss 1983, Har-
ris 1984). However, as noted previou-
sly, fundamental considerations inclu-
de whether a particular vegetation type
has ever existed as a contiguous corri-
dor in an area, and whether the predi-
sturbance corridor was narrow or part
of an expansive floodplain forest sy-
stem. Establishment of inappropriate
and narrow corridors can have a net
detrimental influence at local and re-
gional scales (Knopf et al. 1988). Local
wildlife management priorities should
be evaluated in developing buffer
width criteria that address these is-
sues.

Boundaries
The structure of the edge vegeta-

tion between a stream corridor and the
adjacent landscape affects the habitat,
conduit, and filter functions. A transi-
tion between two ecosystems in an un-
disturbed environment typically occurs
across a broad area.

Boundaries between stream cor-
ridors and adjacent landscapes may be

straight or curvilinear. A straight boun-
dary allows relatively unimpeded mo-
vement along the edge, thereby decre-
asing species interaction between the
two ecosystems. Conversely, a curvili-
near boundary with lobes of the corri-
dor and adjoining areas reaching into
one another encourages movement
across boundaries, resulting in increa-
sed interaction. The shape of the boun-
dary can be designed to integrate or
discourage these interactions, thus af-
fecting the habitat, conduit, and filter
functions.

Species interaction may or may
not be desirable depending on the
project goals. The boundary of the re-
storation initiative can, for example,
be designed to capture seeds or to inte-
grate animals, including those carrying
seeds. In some cases, however, this in-
teraction is dictated by the functional
requirements of the adjacent ecosystem
(equipment tolerances within an agri-
cultural field, for instance).

Vertical Diversity

Heterogeneity within the stream
corridor is an important design consi-
deration. The plants that make up the
stream corridor, their form (herbs,
shrubs, small trees, large trees), and
their diversity affect function, especial-
ly at the reach and site scales. Stratifi-
cation of vegetation affects wind, sha-
ding, avian diversity, and plant growth
(Forman 1995). Typically, vegetation
at the edge of the stream corridor is
very different from the vegetation that

Restored plant communities
should be designed to exhibit
structural diversity and canopy
closure similar to that of the ref-
erence stream corridor.

Figure 8.15: Underpass design.
Underpasses should be designed to accommodate
both vehicular traffic and movement of small fauna.
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occurs within the interior of the corri-
dor. The topography, aspect, soil, and
hydrology of the corridor provide seve-
ral naturally diverse layers and types
of vegetation.

The difference between edge and
interior vegetative structure are im-
portant design considerations (Figure
8.16). An edge that gradually changes
from the stream corridor into the adja-
cent ecosystems will soften environmen-
tal gradients and minimize any asso-
ciated disturbances. These transitio-
nal zones encourage species diversity
and buffer variable nutrient and ener-
gy flows. Although human intervention
has made edges more abrupt, the con-
ditions of naturally occurring edge ve-
getation can be restored through desi-
gn. The plant community and landform
of a restored edge should reflect the
structural variations found in the refe-
rence stream corridor. To maintain a
connected and contiguous vegetative
cover at the edge of small gaps, taller
vegetation should be designed to con-
tinue through the gap. If the gap is
wider than can be breached by the tal-
lest or widest vegetation, a more gra-
dual edge may be appropriate.

Vertical structure of the corridor
interior tends to be less diverse than
that of the edge. This is typically obser-
ved when entering a woodlot: edge ve-
getation is shrubby and difficult to tra-
verse, whereas inner shaded conditions
produce a more open forest floor that
allows for easier movement. Snags and
downed wood may also provide impor-
tant habitat functions. When designing
to restore interior conditions of stream

corridor vegetation, a vegetation struc-
ture should be used that is less diverse
than the vegetation structure used at
the edge. The reference stream corri-
dor will yield valuable information for
this aspect of design.

Influence of Hydrology
and Stream Dynamics

Natural floodplain plant commu-
nities derive their characteristic hori-
zontal diversity primarily from the or-
ganizing influence of stream migration
and flooding (Brinson et al. 1981). As
discussed earlier, when designing re-
storation of stream corridor vegetation,
nearby reference conditions are gene-
rally used as models to identify the
appropriate plant species and commu-
nities. However, the original cover and
older existing trees might have been
established before stream regulation
or other changes in the watershed that
affect flow and sediment characteristi-
cs.

A good understanding of current
and projected flooding is necessary for
design of appropriately restored plant
communities within the floodplain.
Water management and planning agen-
cies are often the best sources of such
data. In wildland areas, stream gauge
data may be available, or on-site inter-
pretation of landforms and vegetation
may be required to determine whether
floodplain hydrology has been altered
through channel incision, beaver acti-
vity, or other causes. Discussions with
local residents and examination of ae-

rial photography may also provide in-
formation on water diversions, ground
water depletion, and similar changes
in the local hydrology.

A vegetation-hydroperiod model
can be used to forecast riparian vege-
tation distribution (Malanson 1993).
The model identifies the inundating
discharges of various locations in the
riparian zone and the resulting suita-
bility of moisture conditions for desi-
red plants. Grading plans, for exam-
ple, can be adjusted to alter the area
inundated by a given discharge and
thus increase the area suitable for ve-
getation associated with a particular
frequency and duration of flooding. A
focus on the vegetation-hydroperiod
relationship will demonstrate the fol-
lowing:
• The importance of moisture condi-

tions in structuring vegetation of
the riparian zone;

• The existence of reasonably well
accepted physical models for calcu-
lating inundation from streamflow
and the geometry of the bottom-
land.

• The likelihood that streamflow and
inundating discharges have been
altered in degraded stream systems
or will be modified as part of a
restoration effort.

Generally, planting efforts will
be easier when trying to restore vege-
tation on sites that have suitable moi-
sture conditions for the desired vege-
tation, such as in replacing historical
vegetation on cleared sites that have
unaltered stream-flow and inundating
discharges. Moisture suitability calcu-
lations will support designs. Someti-
mes the restoration objective is to re-
store more of the desired vegetation
than the new flow conditions would
naturally support. Direct manipulation
by planting and controlling competi-
tion can often produce the desired re-
sults within the physiological toleran-
ces of the desired species. However,
the vegetation on these sites will be
out of balance with the site moisture
conditions and might require conti-
nued maintenance. Management of
vegetation can also accelerate succes-
sion to a more desirable state. Projects
that require long-term supplemental
watering should be avoided due to high

Figure 8.16: Edge vegeta-
tive structure. Edge char-
acteristics can be abrupt
or gradual, with the grad-
ual boundary typically
encouraging more inter-
action between ecosys-
tems.
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maintenance costs and decreased po-
tential for success. Inversely, there may
be cases where the absence of vegeta-
tion, especially woody vegetation, is
desired near the stream channel. Alte-
ration of streamflow or inundating di-
scharges might make moisture condi-
tions on these sites unsuitable for woo-
dy vegetation.

The general concept of site sui-
tability for plant species can be exten-
ded from moisture conditions deter-
mined by inundation to other varia-
bles determining plant distribution.
For example, Ohmart and Anderson
(1986) suggests that restoration of na-
tive riparian vegetation in arid sou-
thwestern river systems may be limi-
ted by unsuitable soil salinities. In
many arid situations, depth to ground
water might be a more direct measure
of the moisture effects of streamflow
on riparian sites than actual inunda-
tion. Both inundating discharge and
depth to ground water are strongly re-
lated to elevation. However, depth to
ground water may be the more appro-
priate causal variable for these rarely
inundated sites, and a physical model
expressing the dependence of alluvial
ground water levels on streamflow mi-
ght therefore be more important than
a hydraulic model of surface water ele-
vations.

Some stream corridor plant spe-
cies have different requirements at
different life stages. For example, plan-
ts tolerating extended inundation as
adults may require a drawdown for esta-
blishment, and plants thriving on re-
latively high and dry sites as adults
may be established only on moist sur-
faces near the water’s edge. This can
complicate what constitutes suitable
moisture conditions and may require
separate consideration of establish-
ment requirements, and perhaps con-
sideration of how sites might change
over time. The application of simula-
tion models of plant dynamics based
on solving sets of explicit rules for how
plant composition will change over
time may become necessary as increa-
singly complex details of different re-
quirements at different plant life hi-
story stages are incorporated into the
evaluation of site suitability. Examples
of this type of more sophisticated plant

response model include van der Valk
(1981) for prairie marsh species and
Pearlstine et al. (1985) for bottomland
hardwood tree species.

Soil Bioengineering for
Floodplains and Uplands

Soil bioengineering is the use of
live and dead plant materials, in com-
bination with natural and synthetic
support materials, for slope stabiliza-
tion, erosion reduction, and vegetative
establishment.

There are many soil bioenginee-
ring systems, and selection of the ap-
propriate system or systems is critical
to successful restoration. Reference
documents should be consulted to en-
sure that the principles of soil bioengi-

neering are understood and applied.
The NRCS Engineering Field Han-
dbook, Part 650 [Chapter 16, Stream-
bank and Shoreline Protection (USDA-
NRCS 1996) and Chapter 18, Soil Bio-
engineering for Upland Slope Protec-
tion and Erosion Reduction (USDA-
NRCS 1992)] offers background and
guidelines for application of this tech-
nology. A more detailed description of
soil bioengineering systems is offered
in Section 8.F, Stream-bank Stabiliza-
tion Design, of this chapter and in Ap-
pendix A.

FAST FORWARD
Preview Chapter 8, Section F
for more information on soil bioen-
gineering techniques.

8.D Habitat Measures

Other measures may be used to
provide structure and functions. They
may be implemented as separate ac-
tions or as an integral part of the resto-
ration plan to improve habitat, in ge-
neral, or for specific species. Such me-
asures can provide short-term habitat
until overall restoration results reach
the level of maturity needed to provi-
de the desired habitat. These measu-
res can also provide habitat that is in
short supply. Greentree reservoirs,
nest structures, and food patches are
three examples. Beaver are also pre-
sented as a restoration measure.

Greentree Reservoirs

Short-term flooding of bottom-
land hardwoods during the dormant
period of tree growth enhances condi-
tions for some species (e.g., waterfowl)
to feed on mast and other understory
food plants, like wild millet and smar-
tweed. Acorns are a primary food sour-
ce in stream corridors for a variety of
fauna, including ducks, nongame bir-
ds and mammals, turkey, squirrel, and
deer. Greentree reservoirs are shal-
low, forested floodplain impoundmen-

ts usually created by building low leve-
es and installing outlet structures (Fi-
gure 8.17). They are usually flooded in
early fall and drained during late Mar-
ch to mid-April. Draining prevents da-
mage to overstory hard-woods (Rudol-
ph and Hunter 1964). Most existing
greentree reservoirs are in the Sou-
thwest.

The flooding of greentree reser-
voirs, by design, differs from the natu-
ral flood regime. Greentree reservoirs
are typically flooded earlier and at dep-
ths greater than would normally occur
under natural conditions. Over time,
modifications of natural flood condi-
tions can result in vegetation changes,
lack of regeneration, decreased mast
production, tree mortality, and disea-
se.

Proper management of green tree
reservoirs requires knowledge of the
local system—especially the natural flo-
od regime—and the integration of ma-
nagement goals that are consistent with
system requirements. Proper manage-
ment of greentree reservoirs can pro-
vide quality habitat on an annual ba-
sis, but the management plan must be
well designed from construction throu-
gh management for waterfowl.
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Nest Structures

Loss of riparian or terrestrial
habitat in stream corridors has resul-
ted in the decline of many species of
birds and mammals that use associa-
ted trees and tree cavities for nesting
or roosting. The most important limi-
ting factor for cavity-nesting birds is
usually the availability of nesting sub-
strate (von Haartman 1957), generally
in the form of snags or dead limbs in
live trees (Sedgwick and Knopf 1986).
Snags for nest structures can be crea-
ted using explosives, girdling, or top-
ping of trees. Artificial nest structures
can compensate for a lack of natural
sites in otherwise suitable habitat sin-
ce many species of birds will readily
use nest boxes or other artificial struc-
tures. For example, along the Missis-
sippi River in Illinois and Wisconsin,

where nest trees have become scarce,
artificial nest structures have been
erected and constructed for double-cre-
sted cormorants using utility poles (Yo-
akum et al. 1980). In many cases, incre-
ases in breeding bird density have re-
sulted from providing such structures
(Strange et al. 1971, Brush 1983). Ar-
tificial nest structures can also impro-
ve nestling survival (Cowan 1959).

Nest structures must be proper-
ly designed and placed, meeting the
biological needs of the target species.
They should also be durable, preda-
tor-proof, and economical to build.
Design specifications for nest boxes
include hole diameter and shape, in-
ternal box volume, distance from the
floor of the box to the opening, type of
material used, whether an internal
“ladder” is necessary, height of place-
ment, and habitat type in which to pla-
ce the box. Other types of nest structu-

res include nest platforms for water-
fowl and raptors; nest baskets for do-
ves, owls, and waterfowl; floating nest
structures for geese; and tire nests for
squirrels. Specifications for nest struc-
tures for riparian and wetland nesting
species (including numerous Picids,
passerines, waterfowl, and raptors) can
be found in many sources including
Yoakum et al. (1980), Kalmbach et al.
(1969), and various state wildlife agen-
cy and conservation publications.

Food Patches

Food patch planting is often
expensive and not always predictable,
but it can be carried out in wetlands or
riparian systems mostly for the benefit
of waterfowl. Environmental require-
ments of the food plants native to the
area, proper time of year of introduc-
tion, management of water levels, and
soil types must all be taken into consi-
deration. Some of the more important
food plants in wetlands include pond-
weed (Potamogeton spp.), smartweed
(Polygonum spp.), duck potato, spike
sedges (Carex spp.), duckweeds (Lemna
spp.), coontail, alkali bulrush (Scirpus
paludosus), and various grasses. Two
commonly planted native species in-
clude wild rice (Zizania) and wild mil-
let. Details on suggested techniques
for planting these species can be found
in Yoakum et al. (1980).

Figure 8.17: Bot-
tom-and hard-
woods serving as
a green-tree reser-
voir. Proper man-
agement of green-
tree reservoirs re-
quires knowledge
of the local system.

8.E Stream Channel Restoration

Some disturbances to stream chan-
nels (e.g., from surface mining activi-
ties, extreme weather events, or major
highway construction) are so severe that
restoration within a desired time frame
requires total reconstruction of a new
channel. Selecting dimensions (width,
depth, cross-sectional shape, pattern,
slope, and alignment) for such a recon-
structed channel is perhaps the most
difficult component of stream restora-
tion design. In the case of stream chan-
nel reconstruction, stream corridor re-
storation design can proceed along one
of two broad tracks:

1. A single-species restoration that fo-
cuses on habitat requirements of
certain life stages of species (for
example, rainbow trout spawning).
The existing system is analyzed in
light of what is needed to provide a
given quantity of acceptable habi-
tat for the target species and life
stage, and design proceeds to rem-
edy any deficiencies noted.

2. An “ecosystem restoration” or “ec-
osystem management” approach
that focuses design resources on
the chemical, hydrologic, and geo-
morphic functions of the stream cor-

ridor. This approach assumes that
communities will recover to a sus-
tainable level if the stream corri-
dor structure and functions are ad-
equate. The strength of this ap-
proach is that it recognizes the com-
plex interdependence between liv-
ing things and the totality of their
environments.

REVERSE
Review Chapter 4’s
Data Collection Planning section.
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Beaver have long been recognized for their potential to
influence riparian systems. In rangelands, where loss of
riparian functional value has been most dramatic, the
potential role of beaver in restoring degraded streams is
least understood.
Beaver dams on headwater streams can positively influ-
ence riparian function in many ways, as summarized by
Olson and Hubert (1994) (Figure 8.18). They improve
water quality by trapping sediments behind dams and by
reducing stream velocity, thereby reducing bank erosion
(Parker 1986). Beaver ponds can alter water chemistry by
changing adsorption rates for nitrogen and phosphorus
(Maret 1985) and by trapping coliform bacteria (Skinner
et al. 1984).

Importance of Beaver to Riparian Ecosystems
ver (Baker et al. 1992, Medin and Clary 1990). Beaver
ponds are important waterfowl production areas and can
also be used during migration (Call 1970, Ringelman
1991). In some high-elevation areas of the Rocky Moun-
tains, beaver are solely responsible for the majority of
local duck production. In addition, species of high inter-
est, such as trumpeter swans, sandhill cranes, moose,
mink, and river otters, use beaver ponds for nesting or
feeding areas (Collins 1976).

Transplanting Beaver to Restore Stream Functions
Beaver have been successfully transplanted into many
watersheds throughout the United States during the past
50 years. This practice was very common during the 1950s
after biologists realized the loss of ecological function re-
sulting from overtrapping of beaver by fur traders before
the turn of the century. Reintroduction of beaver has re-
stored the U.S. beaver population to 6-12 million, com-
pared to a pre-European level of 60-400 million (Naiman
et al. 1986). Much unoccupied habitat or potential habitat
still remains, especially in the shrub-steppe ecosystem.
In forested areas, where good beaver habitat already ex-
ists, reintroduction techniques are well established. The
first question asked should be “If the habitat is suitable,
why are beaver absent?” In the case of newly restored
habitat or areas far from existing populations, reintroduc-
tion without habitat improvement might be warranted (Fig-
ure 8.20). Beavers are livetrapped from areas that have
excess populations or from areas where they are a nui-
sance. It is advisable to obtain beavers from habitat that
is similar to where they will be introduced to ensure they
are familiar with available food and building materials
(Smith and Prichard 1992). This is particularly important
in shrub-steppe habitats.
Reintroduction into degraded riparian areas within the
shrub-steppe zone is controversial. Conventional wisdom
holds that a yearlong food supply must be present before
introducing beaver. In colder climates, this means plants
with edible bark, such as willow, cottonwood, or aspen,

Figure 8.18:
Beaver dam
on a headwa-
ter stream.
B e a v e r s
have many
positive im-
pacts on
headwater
streams.

The flow regime within a watershed can also be influenced
by beaver. Beaver ponds create a sponge-like effect by
increasing the area where soil and water meet (Figure
8.19). Headwaters retain more water from spring runoff
and major storm events, which is released more slowly,
resulting in a higher water table and extended summer
flows. This increase in water availability, both surface and
subsurface, usually increases the width of the riparian zone
and, consequently, favors wildlife communities that de-
pend on that vegetation. There can be negative impacts
as well, including loss of spawning habitat, increase in
water temperatures beyond optimal levels for some fish
species, and loss of riparian habitat.
Richness, diversity, and abundance of birds, herpetiles,
and mammals can be increased by the activities of bea-

Figure 8.19: A
beaver pond.
Beaver ponds
create a
sponge-like ef-
fect.

Figure 8.20: Beaver habitat. It is advisable to obtain beaver from
habitat that is similar to where they will be introduced.
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must be present to provide a winter
food supply for beaver (Figure 8.21).
But often these species are the goal
of restoration. In some cases willows
or other species can be successfully
planted as described in other sec-
tions of this document. In other ar-
eas, conditions needed to sustain
planted cuttings, such as a high wa-
ter table and minimal competition
with other vegetation, might preclude
successful establishment.
Transplanting beaver before willows
are established may create the con-
ditions needed to both establish and
maintain riparian shrubs or trees. In
these cases it may be helpful to pro-
vide beaver with a pickup truck load
of aspen or other trees to use as
building material at or near the re-
introduction site. This may encour-
age beaver to stay near the site and
strengthen dams built of sagebrush
or other shrubs (Apple et al. 1985).

Nuisance Beaver
Unfortunately, beaver are not ben-
eficial in all situations, which is all
too obvious to those managing
damage control. In many cases
where they live in close proximity to

humans or features important to humans, beaver need to be removed or their
damage controlled. Common problems include cutting or eating desirable
vegetation, flooding roads or irrigation ditches by plugging culverts, and in-
creasing erosion by burrowing into the banks of streams or reservoirs. In
addition, beaver carry Giardia species pathogens, which can infect drinking
water supplies and cause human health problems. Control of nuisance bea-
ver usually involves removing the problem animals directly or modifying their
habitat. Beaver can be livetrapped (Bailey or Hancock traps) and relocated to
a more acceptable location or killed by dead-traps (e.g., Conibear #330) or
shooting (Miller 1983). In cases where the water level in a dam must be con-
trolled to prevent flooding, a pipe can be placed through the dam with the
upstream side perforated to allow water flow.

tunnel entrance

Although methods for single-spe-
cies restoration design pertaining to
treatments for aquatic habitat are in-
cluded elsewhere in this chapter, the
second track is emphasized in this sec-
tion.

Procedures for
Channel Reconstruction

If watershed land use changes or
other factors have caused changes in
sediment yield or hydrology, restora-
tion to an historic channel condition is
not recommended. In such cases, a new
channel design is needed. The fol-
lowing procedures are suggested:
1. Describe physical aspects of the wa-

tershed and characterize its hydro-
logic response.
This step should be based on data
collected during the planning

phase, as described in Chapter 4.
2. Considering reach and associated

constraints, select a preliminary
right-of-way for the restored stream
channel corridor and compute the
valley length and valley slope.

3. Determine the approximate bed ma-
terial size distribution for the new
channel.

Many of the channel design pro-
cedures described below require the
designer to supply the size of bed sedi-
ments. If the project is not likely to
modify bed sediments, the existing
channel bed may be sampled using
procedures reviewed in Chapter 7. If
predisturbance conditions were diffe-
rent from those of the existing chan-
nel, and if those conditions must be
restored, the associated sediment size
distribution must be determined. This
can be done by collecting representati-
ve samples of bed sediments from ne-

arby, similar streams; by excavating to
locate the predisturbance bed; or by
obtaining the information from histo-
ric resources.

Like velocity and depth, bed se-
diment size in natural streams varies
continuously in time and space. Parti-
cularly troublesome are streams with
sediment size distributions that are
bimodal mixtures of sand and gravel,
for example. The median (D50 ) of the
overall distribution might be virtually
absent from the bed. However, if flow
conditions allow development of a well-
defined armor layer, it might be ap-
propriate to use a higher percentile
than the median (e.g., the D75 ) to re-
present the bed material size distribu-
tion. In some cases, a new channel exca-
vated into a heterogeneous mixture of
noncohesive material will develop an
armor layer. In such a case, the desi-
gner must predict the likely size of the

beaver
dam

winter
food storage

air vent

living
chamber

Figure 8.21: A beaver lodge. The living chamber in a beaver lodge is above water and used
year-round. Deep entrances enable beavers to obtain food from underwater caches in
winter.
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armor layer material. Methods presen-
ted by Helwig (1987) and Griffiths
(1981) could prove helpful in such a
situation.
4. Conduct a hydrologic and hydrau-

lic analysis to select a design dis-
charge or range of discharges.

Conventional channel design has
revolved around selecting channel di-
mensions that convey a certain dischar-
ge at or below a certain elevation. De-
sign discharge is usually based on flo-
od frequency or duration or, in the
case of canals, on downstream supply
needs. Channel restoration, on the
other hand, implies designing a chan-
nel similar to one that would develop
naturally under similar watershed con-
ditions.

Therefore, the first step in selec-
ting a design discharge for restoration
is not to determine the controlling ele-
vation for flood protection but to de-
termine what discharge controls chan-
nel size. Often this will be at or close to
the 1- to 3-year recurrence interval
flow. See Chapters 1 and 7 for discus-
sions of channel-forming, effective, and
design discharges. Additional guidan-
ce regarding streamflow analysis for
gauged and ungauged sites is presen-
ted in Chapter 7. The designer should,
as appropriate to the stream system,
compute effective discharge or estima-
te bankfull discharge.

A sediment rating curve must be
developed to integrate with the flow
duration curve to determine the effec-
tive discharge. The sediment load that
is responsible for shaping the channel
(bed material load) should be used in
the calculation of the effective dischar-
ge. This sediment load can be determi-
ned from measured data or computed
using an appropriate sediment tran-
sport equation. If measured suspen-
ded sediment data are used, the wash
load, typically consisting of particles
less than 0.062 mm, should be deleted
and only the suspended bed material
portion of the suspended load used. If
the bed load in the stream is conside-
red to be only a small percentage of the
total bed material load, it might be
acceptable to simply use the measured
suspended bed material load in the
effective discharge calculations. Howe-
ver, if the bed load is a significant

portion of the load, it should be calcu-
lated using an appropriate sediment
transport function and then added to
the suspended bed material load to
provide an estimate of the total bed
material load. If bed load measure-
ments are available, which seldom is
the case, these observed data can be
used.

Flow levels and frequencies that
cause flooding also need to be identi-
fied to help plan and design out-of-
stream restoration measures in the rest
of the stream corridor. If flood mana-
gement is a constraint, additional
factors that are beyond the scope of
this document enter the design. Envi-
ronmental features for flood control
channels are described elsewhere (Hey
1995, Shields and Aziz 1992, USACE
1989a, Brookes 1988).

Channel reconstruction and stre-
am corridor restoration are most diffi-
cult for incised streams, and hydrolo-
gic analyses must consider several ad-
ditional factors. Incised stream chan-
nels are typically much larger than re-
quired to convey the channel-forming
discharge. Restoration of an incised
channel may involve raising the bottom
of a stream to restore overbank flow
and ecological functions of the flood-
plain. In this type of restoration, com-
patibility of restored floodplain hydro-
logy with existing land uses must be
considered.

A second option in reconstruc-
ting incised channels is to excavate
one or both sides to create a new
bankfull channel with a floodplain
(Hey 1995). Again, adjacent land uses
must be able to accommodate the new,
excavated floodplain/channel.

A third option is to stabilize the
incised channel in place, and to enhan-
ce the low-flow channel for environ-
mental benefits. The creation of a floo-
dplain might not be necessary or possi-
ble as part of a stream restoration.

In cases where channel sizing,
modification, or realignment are ne-

cessary, or where structures are requi-
red to enhance vertical or lateral stabi-
lity, it is critical that restoration desi-
gn also include consideration of the
range of flows expected in the future.
In urbanizing watersheds, future con-
ditions may be quite different from
existing conditions, with higher, shar-
per, peak flows.

If certain instream flow levels
are required to meet restoration objec-
tives, it is imperative that those flows
be quantified on the basis of a thorou-
gh understanding of present and desi-
red conditions. Good design practice
also requires checking stream channel
hydraulics and stability at discharges
well above and below the design con-
dition. Stability checks (described be-
low) may be quite simple or very sophi-
sticated. Additional guidance on hydro-
logic analysis and development of sta-
ge-discharge relationships are presen-
ted in Chapter 7.
5. Predict stable planform type

(straight, meandering, or braided).
Channel planform may be classi-

fied as straight, braided, or meande-
ring, but thresholds between catego-
ries are arbitrary since channel form
can vary continuously from straight to
single-channel meanders to multiple
braids. Naturally straight, stable allu-
vial channels are rare, but meande-
ring and braided channels are com-
mon and can display a wide range of
lateral and vertical stability.

Relationships have been propo-
sed that allow prediction of channel
planform based on channel slope, di-
scharge, and bed material size (e.g.,
Chang 1988), but they are sometimes
unreliable (Chitale 1973, Richards
1982) and give widely varying estima-
tes of the slope threshold between me-
andering and braiding. As noted by
Dunne (1988), “The planform aspects
of rivers are the most difficult to pre-
dict,” a sentiment echoed by USACE
(1994), “... available analytical techni-

REVERSE
Review Chapter 1 and Chapter 7’s
Channel-forming, effective, and
design discharges sections.

REVERSE
Review Chapter 7’s hydrologic
analysis and stage-discharge re-
lationships sections.
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ques cannot determine reliably whether
a given channel modification will be
liable to meander development, which
is sensitive to difficult-to-quantify
factors like bank vegetation and cohe-
sion.”

Stable channel bed slope is in-
fluenced by a number of factors, inclu-
ding sediment load and bank resistan-
ce to erosion. For the first iteration,

restoration designers may assume a
channel planform similar to stable re-
ference channels in similar watershe-
ds. By collecting data for stable chan-
nels and their valleys in reference rea-
ches, insight can be gained on what the
stable configuration would be for the
restoration area. The morphology of
those stream types can also provide
guidance or additional converging li-

nes of evidence that the planform se-
lected by the designer is appropriate.

After initial completion of these
five steps, any one of several different
paths may be taken to final design.
Three approaches are summarized in
Table 8.1. The tasks are not always
executed sequentially because trial
and error and reiteration are often ne-
eded.

Approach A Approach B (Hey 1994) Approach C (Fogg 1995)

Task Tools Task Tools Task Tools

Determine
meander
geometry and
channel
alignment.1

Empirical formulas for
meander wavelength, and
adaptation of
measurements from
predisturbed conditions or
nearly undisturbed reaches.

Determine bed
material
discharge to be
carried by design
channel at design
discharge,
compute bed
material sediment
concentration.

Analyze measured data or
use appropriate sediment
transport function2  and
hydraulic properties of
reach upstream from
design reach.

Compute mean
flow, width, depth,
and slope at
design
discharge.4

Regime or hydraulic
geometry formulas with
regional coefficients.

Compute
sinuosity, channel
length, and slope.

Channel length = sinuosity
X valley length.
Channel slope= valley
slope/ sinuosity.

Compute mean
flow, width, depth,
and slope at
design
discharge.4

Regime or hydraulic
geometry formulas with
regional coefficients, or
analytical methods (e.g.
White, et.al., 1982, or
Copeland, 1994).3

Compute or
estimate flow
resistance
coefficient at
design discharge.

Appropriate relationship
between depth, bed
sediment size, and
resistance coefficient,
modified based on
expected sinuosity and
bank/berm vegetation.

Compute mean
flow width and
depth at design
discharge.4

Regime or hydraulic
geometry formulas with
regional coefficients, and
resistance equations or
analytical methods (e.g.
tractive stress, Ikeda and
Izumi, 1990, or Chang,
1988).

Compute
sinuosity and
channel length.

Sinuosity = valley slope/
channel slope.
Channel length= sinuosity
x valley length.

Compute mean
channel slope
and depth
required to pass
design discharge.

Uniform flow equation (e.g.
Manning, Chezy) continuity
equation, and design
channel cross-sectional
shape; numerical water
surface profile models may
be used instead of uniform
flow equation.

Compute riffle
spacing (if gravel
bed), and add
detail to design.

Empirical formulas,
observation of similar
streams, habitat criteria.

Determine
meander
geometry and
channel
alignment.

Lay out a piece of string
scaled to channel length on
a map (or equivalent
procedure) such that
meander arc lengths vary
from 4 to 9 channel widths.

Compute velocity
or boundary
sheer stress at
design discharge.

Allowable velocity or shear
stress criteria based on
channel boundary
materials.

Check channel
stability and
reiterate as
needed.

Check stability. Compute riffle
spacing (if gravel
bed), and add
detail to design.

Empirical formulas,
observation of similar
streams, habitat criteria.

Compute
sinuosity and
channel length.

Sinuosity = valley slope/
channel slope.
Channel length= sinuosity
x valley length.

Check channel
stability and
reiterate as
needed.

Check stability. Compute
sinuosity and
channel length.

Lay out a piece of string
scaled to channel length on
a map (or equivalent
procedure) such that
meander arc lengths vary
from 4 to 9 channel widths.

Check channel
stability and
reiterate as
needed.

Check stability.

1 Assumes meandering planform would be stable. Sinuosity and arc-length are known.
2 Computation of sediment transport without calibration against measured data may give highly unreliable results for a specific channel (USACE, 1994, Kuhnle, et al., 1989).
3 The two methods listed assume a straight channel. Adjustments would be needed to allow for effects of bends.
4 Mean flow width and depth at design discharge will give channel dimensions since design discharge is bankfull. In some situations channel may be increased to allow for

freeboard. Regime and hydraulic geometry formulas should be examined to determine if they are mean width or top width.

Table 8.1: Three approaches to achieving final design. There are variations of the final steps to a restoration design, after the first five steps
described in the text are done.
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In some cases, it might be desira-
ble to divert a straightened stream into
a meandering alignment for restora-
tion purposes. Three approaches for
meander design are summarized in the
box in the previous page.

For cases where the design chan-
nel will carry only a small amount of
bed material load, bed slope and chan-
nel dimensions may be selected to car-
ry the design discharge at a velocity
that will be great enough to prevent
suspended sediment deposition and
small enough to prevent erosion of the
bed. This approach is suitable only for
channels with beds that are stationary
or move very infrequently—typically
stable cobble- and gravel-bed streams.

Once mean channel slope is
known, channel length can be compu-
ted by multiplying the straight line
down-valley distance by the ratio of
valley slope to channel slope (sinuosi-
ty). Meanders can then be laid out using
a piece of string on a map or an equiva-
lent procedure, such that the meander
arc length L (the distance between in-
flection points, measured along the
channel) ranges from 4 to 9 channel
widths and averages 7 channel widths.
Meanders should not be uniform.

The incised, straightened chan-
nel of the River Blackwater (Norfolk,
United Kingdom) was restored to a me-
andering form by excavating a new low-
level floodplain about 50 to 65 feet
wide containing a sinuous channel
about 16 feet wide and 3 feet deep
(Hey 1995).

Preliminary calculations indica-
ted that the bed of the channel was
only slightly mobile at bankfull dischar-
ge, and sediment loads were low. A
carbon copy design process was used,
recreating meander geometry from the
mid-19th century (Hey 1994). The Ri-
ver Neath (Wales, United Kingdom),
an active gravel-bed stream, was diver-
ted at five locations into meandering
alignments to allow highway construc-
tion. Existing slopes were maintained
through each diversion, effectively il-
lustrating a “slope-first” design (Hey
1994).

Channel Dimensions

Selection of channel dimensions
involves determining average values
for width and depth. These determina-
tions are based on the imposed water
and sediment discharge, bed sediment
size, bank vegetation, resistance, and
average bed slope. However, both
width and depth may be constrained
by site factors, which the designer must
consider once stability criteria are met.
Channel width must be less than the
available corridor width, while depth
is dependent on the upstream and
downstream controlling elevations, re-
sistance, and the elevation of the adja-
cent ground surface.

In some cases, levees or flood-
walls might be needed to match site
constraints and depth requirements.
Average dimensions determined in
this step should not be applied unifor-
mly. Instead, in the detailed design
step described below, nonuniform slo-
pes and cross sections should be speci-
fied to create converging and diver-
ging flow and resulting physical diver-
sity.

The average cross-sectional sha-

pe of natural channels is dependent
on discharge, sediment inflow, geolo-
gy, roughness, bed slope, bank vegeta-
tion, and bed and bank materials. Al-
though bank vegetation is considered
when using some of the empirical tools
presented below, many of the analyti-
cal approaches do not consider the in-
fluence of bank material and vegeta-
tion or make unrealistic assumptions
(e.g., banks are composed of the same
material as the bed).

These tools should be used with
care. After initial selection of average
channel width and depth, designers
should consider the compatibility of
these dimensions with reference rea-
ches.

Reference Reaches
Perhaps the simplest approach

to selecting channel width and depth
is to use dimensions from stable rea-
ches elsewhere in the watershed or from
similar reaches in the region. The dif-
ficulty in this approach is finding a
suitable reference reach. A reference
reach is a reach of stream outside the
project reach that is used to develop
design criteria for the project reach.

A reference reach used for sta-

A systematic design methodology
has been developed for use in de-
signing restoration projects that in-
volve channel reconstruction
(USACE, WES). The methodology
includes use of hydraulic geometry
relationships, analytical determina-
tion of stable channel dimensions,
and a sediment impact assessment.
The preferred geometry is a com-
pound channel with a primary chan-
nel designed to carry the effective or
“channel forming” discharge and an
overbank area designed to carry the
additional flow for a specified flood
discharge.
Channel width may be determined
by analogy methods, hydraulic ge-
ometry predictors, or analytically.
Currently under development are
hydraulic geometry predictors for

various stream types. Once a width
is determined for the effective dis-
charge, depth and channel slope are
determined analytically by balanc-
ing sediment inflow from upstream
with sediment transport capacity
through the restored channel. Me-
ander wavelength is determined by
analogy or hydraulic geometry re-
lationships. Assumption of a sine-
generated curve then allows calcu-
lation of channel planform. The sta-
bility of the channel design is then
evaluated for the full range of ex-
pected discharges by conducting a
sediment impact assessment. Re-
finements to the design include vari-
ation of channel widths at crossings
and pools, variable lateral depths
in pools, coarsening of the channel
bed in riffles, and bank protection.

USACE Channel Restoration Design Procedure

Alignment and
Average Slope
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ble channel design should be evalua-
ted to make sure that it is stable and
has a desirable morphological and eco-
logical condition. In addition, the refe-
rence reach must be similar enough to
the desired project reach so that the
comparison is valid. It must be similar
to the desired project reach in hydrolo-
gy, sediment load, and bed and bank
material.

The term reference reach has
several meanings. As used above, the
reference reach is a reach that will be
used as a template for the geometry of
the restored channel. The width, dep-
th, slope, and planform characteristics
of the reference reach are transferred
to the design reach, either exactly or by
using analytical or empirical techni-
ques to scale them to fit slightly diffe-
rent characteristics of the project rea-
ch (for example, a larger or smaller
drainage area).

It is impossible to find an exact
replica of the watershed in which the
restoration work is located, and subjec-
tive judgement may play a role in de-
termining what constitutes similarity.
The level of uncertainty involved may
be reduced by considering a large num-
ber of stable reaches. By classifying
the reference streams, width and dep-
th data can be grouped by stream type
to reduce the scatter inherent in regio-
nal analyses.

A second common meaning of the
term reference reach is a reach with a
desired biological condition, which will
be used as a target to strive for when
comparing various restoration options.
For instance, for a stream in an urbani-
zed area, a stream with a similar drai-
nage area in a nearby unimpacted wa-
tershed might be used as a reference
reach to show what type of aquatic and
riparian community might be possible
in the project reach. Although it might
not be possible to return the urban
stream to predevelopment conditions,
the characteristics of the reference re-
ach can be used to indicate what direc-
tion to move toward. In this use of the
term, a reference reach defines desi-
red biological and ecological condi-
tions, rather than stable channel geo-
metry.

Modeling tools such as IFIM and
RCHARC (see Chapter 7) can be used

to determine what restoration options
come closest to replicating the habitat
conditions of the reference reach (al-
though none of the options may exactly
match it).

Application of Regime and
Hydraulic Geometry Approaches

Typical regime and hydraulic
geometry relationships are presented
in Chapter 7. These formulas are most
reliable for width, less reliable for dep-
th, and least reliable for slope.

Exponents and coefficients for
hydraulic geometry formulas are usual-
ly determined from data for the same
stream, the same watershed, streams
of a similar type, or the same physio-
graphic region. Because formula coef-
ficients vary, application of a given set
of hydraulic geometry or regime rela-
tionships should be limited to chan-
nels similar to the calibration sites.
Classifying streams can be useful in
refining regime relationships (See
Chapter 7’s section on Stream Classifi-
cation).

Published hydraulic geometry
relationships are usually based on sta-
ble, single-thread alluvial channels.
Hydraulic geometry relationships de-
termined through stream classification
of reference reaches can also be valua-
ble for designing the stream restora-
tion. Channel geometry-discharge re-
lationships are more complex for mul-
tithread channels. Individual threads
may fit the relationships if their par-
tial bankfull discharges are used in
place of the total streamflow. Also,
hydraulic geometry relationships for
gravel-bed rivers are far more nume-
rous in the literature than those for
sand-bed rivers.

A trial set of channel properties
(average width, depth, and slope) can
be evaluated by using several sets of
regime and hydraulic geometry formu-
las and comparing results. Greatest
weight should be given to formulas
based on sites similar to the project
reach. A logical second step is to use
several discharge levels in the best-
suited sets of formulas. Because hydrau-
lic geometry relationships are most
compatible with single-channel sand
and gravel streams with low bed-mate-
rial sediment discharge, unstable chan-

nels (aggrading or degrading profiles)
can depart strongly from published
relationships.

Literature references to the use
of hydraulic geometry formulas for si-
zing restored channels are abundant.
Initial estimates for width and depth
for the restored channel of Seminary
Creek, which drains an urban water-
shed in Oakland, California, were de-
termined using regional hydraulic ge-
ometry formulas (Riley and MacDonald
1995). Hey (1994, 1995) discusses use
of hydraulic geometry relationships
determined using regression analyses
of data from gravel bed rivers in the
United Kingdom for restoration desi-
gn. Newbury and Gaboury (1993) used
regional hydraulic geometry relations
based on drainage area to check width
and depth of restored channels in Ma-
nitoba.

Hydraulic geometry formulas for
sizing stream channels in restoration
efforts must be used with caution since
a number of pitfalls are associated with
their use:
• The formulas represent hydraulic

geometry only at bankfull or mean
annual discharge. Designers must
also select a single statistic to de-
scribe bed sediment size when us-
ing hydraulic geometry relation-
ships. (However, refinements to the
Hey and Thorne [1986] formulas
for slope in Table 7.5 should be
noted.)

• Downstream hydraulic geometry
formulas are usually based on the
bankfull discharge, the elevation
of which can be extremely difficult
to identify in vertically unstable
channels.

• Exponents and coefficients select-
ed for design must be based on
streams with slopes, bed sediments,
and bank materials similar to the
one being designed.

• The premise is that the channel
shape is dependent on only one or
two variables.

REVERSE
Review Chapter 7’s section
on hydraulic geometry relation-
ships.
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Meander Design
Five approaches to meander design are described be-
low, not in any intended order of priority. The first four ap-
proaches result in average channel slope being deter-
mined by meander geometry. These approaches are
based on the assumption that the controlling factors in the
stream channel (water and sediment inputs, bed material
gradation, and bank erosional resistance) will be similar
to those in the reference reach (either the restoration reach
before disturbance or undisturbed reaches). The fifth ap-
proach requires determination of stream channel slope
first. Sinuosity follows as the ratio of channel slope to val-
ley slope, and meander geometry (Figure 8.22) is devel-
oped to obtain the desired sinuosity.
1. Replacement of meanders exactly as found before
disturbance (the carbon copy technique).
This method is appropriate if hydrology and bed materi-
als are very similar or identical to predisturbance condi-
tions. Old channels are often filled with cohesive soils and
may have cohesive boundaries. Accordingly, channel sta-
bility may be enhanced by following a previous channel
alignment.
2. Use of empirical relationships that allow computa-
tion of meander wavelength, L, and amplitude based on
channel width or discharge.
Chang (1988) presents graphical and algebraic relation-
ships between meander wavelength, width-depth ratio, and
friction factor. In addition to meander wavelength, specifi-
cation of channel alignment requires meander radius of
curvature (Hey 1976) and meander amplitude or channel
slope. Hey (1976) also suggests that L is not usually
uniquely determined by channel width or discharge.
Rechard and Schaefer (1984) provide an example of de-
velopment of regional formulas for meander restoration
design. Chapter 7 includes a number of meander geom-
etry relationships developed from regional data sets.
Newbury and Gaboury (1993) designed meanders for a
straightened stream (North Pine River) by selecting me-
ander amplitude to fit between floodplain terraces. Mean-

der wavelength was set at 12.4 times the channel width
(on the high end of the literature range), and radius of
curvature ranged from 1.9 to 2.3 times the channel width.
3. Basin-wide analysis to determine fundamental wave-
length, mean radius of curvature, and meander belt width
in areas “reasonably free of geologic control.”
This approach has been used for reconstruction of streams
destroyed by surface mining in subhumid watersheds of
the western United States. Fourier analysis may be used
with data digitized from maps to determine fundamental
meander wavelength (Hasfurther 1985).
4. Use of undisturbed reaches as design models.
If the reach targeted for restoration is closely bounded by
undisturbed meanders, dimensions of these undisturbed
reaches may be studied for use in the restored reach (Fig-
ure 8.23). Hunt and Graham (1975) describe successful
use of undisturbed reaches as models for design and con-
struction of two meanders as part of river relocation for
highway construction in Montana. Brookes (1990) de-
scribes restoration of the Elbaek in Denmark using chan-
nel width, depth, and slope from a “natural” reach down-
stream, confirmed by dimensions of a river in a
neighboring watershed with similar area, geology, and land
use.
5. Slope first.
Hey (1994) suggests that meanders should be designed
by first selecting a mean channel slope based on hydrau-
lic geometry formulas. However, correlation coefficients
for regime slope formulas are always much smaller than
those for width or depth formulas, indicating that the former
are less accurate. Channel slope may also be determined
by computing the value required to convey the design
water and sediment discharges (White et al. 1982,
Copeland 1994). The main weakness of this approach is
that bed material sediment discharge is required by ana-
lytical techniques and in some cases (e.g., Hey and Thorne
1986) by hydraulic geometry formulas. Sediment dis-
charges computed without measured data for calibration
may be unreliable.
Site-specific bed material samples and channel
geometries are needed to apply these analytical tech-
niques and to achieve confidence in the resulting design.

Figure 8.23: The
natural meander
of a stream. Riv-
ers meander to in-
crease length and
reduce gradient.
Stream restora-
tions often attempt
to reconstruct the
channel to a pre-
vious meandering
condition or one
“copied” from a
reference reach.

L meander wavelength
ML meander arc length
w average width at bankfull discharge
MA meander amplitude
rc radius of curvature
Θ arc angle

Figure 8.22: Vari-
ables used to de-
scribe and design
meanders. Con-
sistent, clear termi-
nology is used in
meander design.
Adapted from
Williams 1986.
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• Hydraulic geometry relationships
are power functions with a fair de-
gree of scatter that may prove too
great for reliable engineering de-
sign. This scatter is indicative of
natural variability and the influ-
ence of other variables on channel
geometry.

In summary, hydraulic geometry
relationships are useful for prelimi-
nary or trial selection of design chan-
nel properties. Hydraulic and sedi-
ment transport analyses are recommen-
ded for final design for the restora-
tion.

Analytical Approaches for
Channel Dimensions

Analytical approaches for desi-
gning stream channels are based on
the idea that a channel system may be
described by a finite number of varia-
bles. In most practical design problems,
a few variables are determined by site
conditions (e.g., valley slope and bed
material size), leaving up to nine va-
riables to be computed. However, de-
signers have only three governing equa-
tions available: continuity, flow resi-
stance (such as Manning, Chezy, and
Darcy-Weisbach), and sediment tran-
sport (such as Ackers-White, Einstein,
and Brownlie). Since this leaves more
unknowns than there are equations,
the system is indeterminate. Indeter-
minacy of the stable channel design
problem has been addressed in the
following ways:
• Using empirical relationships to

compute some of the unknowns
(e.g., meander parameters).

• Assuming values for one or more of
the unknown variables.

• Using structural controls to hold
one or more unknowns constant
(e.g., controlling width with bank
revetments).

• Ignoring some unknown variables
by simplifying the channel system.
For example, a single sediment size
is sometimes used to describe all
boundaries, and a single depth is
used to describe water depth rath-
er than mean and maximum depth
as suggested by Hey (1988).

• Adopting additional governing
equations based on assumed prop-
erties of streams with movable beds

and banks. The design methods
based on “extremal hypotheses”
fall into this category. These ap-
proaches are discussed below un-
der analytical approaches for chan-
nels with moving beds.

Table 8.2 lists six examples of
analytical design procedures for sand-
bed and gravel channels. These proce-
dures are data-intensive and would be
used in high-risk or large-scale chan-
nel reconstruction work.

Tractive Stress (No Bed Movement)
Tractive stress or tractive force

analysis is based on the idea that by
assuming negligible bed material di-
scharge (Qs = 0) and a straight, prisma-
tic channel with a specified cross-sec-
tional shape, the inequality in varia-
bles and governing equations mentio-
ned above is eliminated. Details are
provided in many textbooks that deal

with stable channel design (e.g., Ri-
chards 1982, Simons and Senturk
1977, French 1985). Because the
method is based on the laws of physics,
it is less empirical and region-specific
than regime or hydraulic geometry for-
mulas. To specify a value for the force
“required to initiate motion,” the de-
signer must resort to empirical rela-
tionships between sediment size and
critical shear stress. In fact, the only
difference between the tractive stress
approach for design stability analysis
and the allowable stress approach is
that the effect of cross-sectional shape
(in particular, the bank angles) is con-
sidered in the former (Figure 8.24).
Effects of turbulence and secondary
currents are poorly represented in this
approach.

Tractive stress approaches typi-
cally presume constant discharge, zero
bed material sediment transport, and

Table 8.2: Selected analytical procedures for stable channel design.

Stable Channel
Method

Domain Resistance
Equation

Sediment
Transport
Equation

Third Relation

Copeland 1994 Sand-bed
rivers

Brownlie Brownlie Left to designer’s
discretion

Chang 1988 Sand-bed
rivers

Various Various Minimum stream
power

Chang 1988 Gravel-bed
rivers

Bray Chang (similar in
form to Parker,
Einstein)

Minimum slope

Abou-Saida
and Saleh

1987 Sand-bed
canals

Liu-Hwang Einstein-Brown Left to designer’s
discretion

White et al. 1981 Sand-bed
rivers

White et al. Ackers-White Maximum
sediment
transport

Griffiths 1981 Gravel-bed
rivers

Griffiths Shields
entrainment

Empirical
stability index

Figure 8.24: Low energy sys-
tem with small bank angles.
Bank angles need to be consid-
ered when using the tractive
stress approach.
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straight, prismatic channels and are
therefore poorly suited for channels
with moving beds. Additional limita-
tions of the tractive stress design ap-
proach are discussed by Brookes (1988)
and USACE (1994). Tractive stress ap-
proaches are appropriate for designing
features made of rock or gravel (artifi-
cial riffles, revetments, etc.) that are
expected to be immobile.

Channels with Moving Beds
and Known Slope

More general analytical approa-
ches for designing channels with bed
material discharge reduce the number
of variables by assuming certain con-
stant values (such as a trapezoidal
cross-sectional shape or bed sediment
size distribution) and by adding new
equations based on an extremal
hypothesis (Bettess and White 1987).
For example, in a refinement of the
tractive stress approach, Parker (1978)
assumed that a stable gravel channel
is characterized by threshold condi-

tions only at the junction point betwe-
en bed and banks. Using this assump-
tion and including lateral diffusion of
longitudinal momentum due to fluid
turbulence in the analysis, he showed
that points on the bank experience
stresses less than threshold while the
bed moves.

Following Parker’s work, Ikeda
et al. (1988) derived equations for sta-
ble width and depth (given slope and
bed material gradation) of gravel chan-
nels with unvegetated banks compo-
sed of noncohesive material and flat
beds in motion at bankfull. Channels
were assumed to be nearly straight (si-
nuosity < 1.2) with trapezoidal cross
sections free of alternate bars. In a
subsequent paper Ikeda and Izumi
(1990) extended the derivation to in-
clude effects of rigid bank vegetation.

Extremal hypotheses state that a
stable channel will adopt dimensions
that lead to minimization or maximi-
zation of some quantity subject to con-
straints imposed by the two governing

equations (e.g., sediment transport and
flow resistance). Chang (1988) combi-
ned sediment transport and flow resi-
stance formulas with flow continuity
and minimization of stream power at
each cross section and through a reach
to generate a numerical model of flow
and sediment transport. Special rela-
tionships for flow and transverse sedi-
ment transport in bends were also de-
rived. The model was used to make
repeated computations of channel geo-
metry with various values for input
variables. Results of the analysis were
used to construct a family of design
curves that yield d (bankfull depth)
and w (bankfull width), given bankfull
Q, S, and D50. Separate sets of curves
are provided for sand and gravel bed
rivers. Regime-type formulas have been
fit to the curves, as shown in Table
8.3.These relationships should be used
with tractive stress analyses to develop
converging data that increase the desi-
gner’s confidence that the appropriate
channel dimensions have been se-

Author Year Data Domain k1 k2 k4 k5

Meandering or braided sand-bed rivers with:

Equiwidth point-bar streams
and stable canals

0.00238 < SD50 -0.5 Q -0.51

and SD50 -0.5 Q -0.55 < 0.05
3.49k 1* 3.51k 4* 0.47

Straight braided streams 0.05 < SD50 -0.5 Q -0.55 and
SD50 -0.5 Q -0.51 < 0.047

Unknown
and unusual

Chang 1988

Braided point-bar and wide-
bend point-bar streams;
beyond upper limit lie
steep, braided streams

0.047 < SD50 -0.5 Q -0.51 <
indefinite upper limit

33.2k 1** 0.93 1.0 k 4** 0.45

Same as for Thorne and
Hey 1986

Gravel-bed rivers 1.905 + k 1*** 0.47 0.2077 + k 4*** 0.42

Grassy banks with no trees
or shrubs

w =1.46 wc –
0.8317

d =0.8815 dc + 0.2106

1-5% tree and shrub cover w =1.306 wc
– 8.7307

d =0.5026 dc + 1.7553

5-50% tree and shrub cover w =1.161 wc
– 16.8307

d =0.5413 dc + 2.7159

Thorne
et al.

1988

Adjustments for bank
vegetationa

Greater than 50% tree and
shrub cover, or incised into
flood plain

w =0.9656 wc
– 10.6102

d =0.7648 dc + 1.4554

Chang equations for determining river width and depth. Coefficients for equations of the form w = k1 Q K2 ; d = K4 Q K5 ; where w is mean bankfull width
(ft), Q is the bankfull or dominant discharge (ft3/s ), d is mean bankfull depth (ft), D50 is median bed-material size (mm), and S is slope (ft/ft).
a w c and d c in these equations are calculated using exponents and coefficients from the row labeled “gravel-bed rivers”. .
k 1 * = (S D50 

-0.5 - 0.00238 Q -0.51 ) 0.02 .
k 4 * = exp[-0.38 (420.17S D50 

-0.5 Q -0.51 -1) 0.4 ].
k 1 **= (S D50 

-0.5 ) 0.84 .
k 4 **= 0.015 - 0.025 In Q- 0.049 In (S D50 

-0.5 ).
k 1 ***= 0.2490[ ln(0.0010647D50 

1.15 /S Q0.42 )] 2.
k 4 ***= 0.0418 ln(0.0004419D50 

1.15 /S Q0.42 ).

Table 8.3: Equations for river width and depth.
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lected.
Subsequent work by Thorne et

al. (1988) modified these formulas to
account for effects of bank vegetation
along gravel-bed rivers. The Thorne et
al. (1988) formulas in Table 8.3 are
based on the data presented by Hey
and Thorne (1986) in Table 7.6.

Channels with Moving Beds and
Known Sediment Concentration

White et al. (1982) present an
analytical approach based on the Ac-
kers and White sediment transport fun-
ction, a companion flow resistance re-
lationship, and maximization of sedi-
ment transport for a specified sedi-
ment concentration. Tables (White et
al. 1981) are available to assist users
in implementing this procedure. The
tables contain entries for sediment si-
zes from 0.06 to 100 millimeters, di-
scharges up to 35,000 cubic feet per
second, and sediment concentrations
from 10 to 4,000 parts per million.
However, this procedure is not recom-
mended for gravel bed channels (USA-
CE 1994). Sediment concentration at
bankfull flow is required as an input
variable, which limits the usefulness
of this procedure. Procedures for com-
puting sediment discharge, Q S , are
outlined in Chapter 7. Copeland (1994)
found that the White et al. (1982)
method for channel design was not ro-
bust for cohesive bed materials, artifi-
cial grade controls, and disequilibrium
sediment transport. The method was
also found inappropriate for an unsta-
ble, high-energy ephemeral sand-bed
stream (Copeland 1994). However,
Hey (1990) found the Ackers-White se-
diment transport function performed
well when analyzing stability of 18 flo-
od control channels in Britain.

The approach described by Co-
peland (1994) features use of the
Brownlie (1981) flow-resistance and
sediment-transport relations, in the
form of the software package “SAM”
(Thomas et al. 1993). Additional featu-
res include the determination of input
bed material concentration by compu-
ting sediment concentration from
hydraulic parameters for an upstream
“supply reach” represented by a bed
slope, a trapezoidal cross section, bed-
material gradation, and a discharge.

Bank and bed roughness are composi-
ted using the equal velocity method
(Chow 1959) to obtain roughness for a
cross section. A family of slope-width
solutions that satisfy the flow resistan-
ce and sediment transport relations
are then computed. The designer then
selects any combination of channel pro-
perties that are represented by a point
on the slope-width curve. Selection may
be based on minimum stream power,
maximum possible slope, width con-
straint due to right-of-way, or maximum
allowable depth. The current (1996)
version of the Copeland procedure as-
sumes a straight channel with a trape-
zoidal cross section and omits the por-
tion of the cross section above side
slopes when computing sediment di-
scharge. Effects of bank vegetation are
considered in the assigned roughness
coefficient.

The Copeland procedure was te-
sted by application to two existing stre-
am channels, the Big and Colewa
Creeks in Louisiana and Rio Puerco in
New Mexico (Copeland 1994). Consi-
derable professional judgment was
used in selection of input parameters.
The Copeland method was found inap-
plicable to the Big and Colewa Creeks
(relatively stable perennial streams
with sand-clay beds), but applicable to
Rio Puerco (high-energy, ephemeral
sand-bed stream with stable profile and
unstable banks). This result is not sur-
prising since all stable channel design
methods developed to date presume
alluvial (not cohesive or bedrock) beds.

Use of Channel Models
for Design Verification

In general, a model can be envi-
sioned as a system by whose operation
the characteristics of other similar sy-
stems may be predicted. This defini-
tion is general and applies to both
hydraulic (physical) and computational
(mathematical) models. The use and
operation of computer models has im-
proved in recent years as a result of
better knowledge of fluvial hydraulics
and the development of sophisticated
digital control and data acquisition sy-
stems.

Any stream corridor restoration

design needs careful scrutiny because
its long-term impact on the stream sy-
stem is not easy to predict. Sound engi-
neering often dictates the use of com-
puter models or physical models to che-
ck the validity of a proposed design.
Since most practitioners do not have
easy access to physical modeling facili-
ties, computer models are much more
widely used.

Computer models can be run in
a qualitative mode with very little data
or in a highly precise quantitative mode
with a great deal of field data for cali-
bration and verification. Computer
models can be used to easily and che-
aply test the stability of a restoration
design for a range of conditions, or for
a variety of alternative channel confi-
gurations. A “model” can vary in cost
from several hundred dollars to seve-
ral hundred thousand dollars, depen-
ding on what model is used, the data
input, the degree of precision requi-
red, and the length and complexity of
the reach to be modeled. The decision
as to what models are appropriate
should be made by a hydraulic engine-
er with a background in sediment tran-
sport.

The costs of modeling could be
small compared to the cost of redesign
or reconstruction due to failure. If the
consequences of a project failure would
result in a high risk of catastrophic
damage or death, and the site-specific
conditions result in an unacceptable
level of uncertainty when applying com-
puter models, a physical model is the
appropriate tool to use for design.

Physical Models
In some instances, restoration

designs can become sufficiently com-
plicated to exceed the capabilities of
available computational models. In
other situations, time might be of the
essence, thus precluding the develop-
ment of new computational modeling
capabilities. In such cases the designer
must resort to physical modeling for
verification.

Depending on the scaling crite-
ria used to achieve similitude, physi-
cal models can be classified as distor-
ted, fixed, or movable-bed models. The
theory and practice of physical mode-
ling are covered in detail by French
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(1985), Jansen et al. (1979), and Yalin
(1971) and are beyond the scope of this
document. Physical modeling, like
computational modeling, is a techno-
logy that requires specialized experti-
se and considerable experience. The
U.S. Army Waterways Experiment Sta-
tion, Vicksburg, Mississippi, has ex-
tensively developed the technique of
designing and applying physical mo-
dels of rivers.

Computer Models
Computer models are structured

and operated in the same way as a
physical model (Figure 8.25). One part
of the code defines the channel plan-
form, the bathymetry, and the material
properties of transported constituen-
ts. Other parts of the code create condi-
tions at the boundaries, taking the pla-
ce of the limiting walls and flow con-
trols in the physical model. At the core
of the computer code are the water and
sediment transport solvers. “Turning
on” these solvers is equivalent to run-
ning the physical model. At the end of
the simulation run the new channel
bathymetry and morphology are descri-
bed by the model output. This section
summarizes computational channel
models that can be useful for evalua-
tion of stream corridor restoration de-
signs. Since it is not possible to inclu-
de every existing model in the space
available, the discussion here is limi-
ted to a few selected models (Table
8.4). In addition, Garcia et al. (1994)
review mathematical models of mean-

der bend migration.
These models are characterized

as having general applicability to a
particular class of problems and are
generally available for desktop com-
puters using DOS operating systems.
Their conceptual and numerical sche-
mes are robust, having been proven in
field applications, and the code can be
successfully used by persons without
detailed knowledge of the core compu-
tational techniques. Examples of the-
se models and their features are sum-
marized in Table 8.4. The acronyms in
the column titles identify the following
models: CHARIMA (Holly et al. 1990),
FLUVIAL-12 (Chang 1990), HEC-6,
TABS-2 (McAnally and Thomas 1985),
MEANDER (Johannesson and Parker
1985), the Nelson/Smith-89 model
(Nelson and Smith 1989), D-O-T (Dar-
by and Thorne 1996, Osman and Thor-
ne 1988), GSTARS (Molinas and Yang
1996) and GSTARS 2.0 (Yang et al.
1998). GSTARS 2.0 is an enhanced
and improved PC version of GSTARS.
HEC-6, TABS-2, and USGS are fede-
ral, public domain models, whereas
CHARIMA, FLUVIAL-12, MEANDER,
and D-O-T are academic, privately ow-
ned models.

With the exception of MEAN-
DER, all the above models calculate at
each computational node the fractio-
nal sediment load and rate of bed ag-
gradation or degradation, and update
the channel topography. Some of them
can simulate armoring of the bed sur-
face and hydraulic sorting (mixing) of
the underlying substrate material.
CHARIMA, FLUVIAL-12, HEC-6, and
D-O-T can simulate transport of sands
and gravels. TABS-2 can be applied to
cohesive sediments (clays and silts) and
sand sediments that are well mixed
over the water column. USGS is spe-
cially designed for gravel bed-load tran-
sport. FLUVIAL-12 and HEC-6 can be
used for reservoir sedimentation stu-
dies. GSTARS 2.0 can simulate bank
failure.

Comprehensive reviews on the
capabilities and performance of these
and other existing channel models are
provided in reports by the National
Research Council (1983), Fan (1988),
Darby and Thorne (1992), and Fan and
Yen (1993).

Detailed Design

Channel Shape
Natural stream width varies con-

tinuously in the longitudinal direction,
and depth, bed slope, and bed mate-
rial size vary continuously along the
horizontal plane. These variations give
rise to natural heterogeneity and pat-
terns of velocity and bed sediment size
distribution that are important to aqua-
tic ecosystems.

Widths, depths, and slopes com-
puted during design should be adop-
ted as reach mean values, and restored
channels should be constructed with
asymmetric cross sections (Hunt and
Graham 1975, Keller 1978, Iversen et
al. 1993, MacBroom 1981) (Figure
8.26). Similarly, meander planform
should vary from bend to bend about
average values of arc length and ra-
dius. A reconstructed floodplain should
not be perfectly flat (Figure 8.27).

Channel Longitudinal Profile
and Riffle Spacing

In stream channels with signifi-
cant amounts of gravel (D50 > 3 mm)
(Higginson and Johnston 1989), riffles
should be associated with steep zones
near meander inflection points. Rif-
fles are not found in channels with
beds of finer materials. Studies con-
ducted by Keller and Melhorn (1978)
and confirmed by Hey and Thorne
(1986) indicate pool-riffle spacing
should vary between 3 and 10 channel
widths and average about 6 channel
widths even in bedrock channels. More
recent work by Roy and Abrahams
(1980) and Higginson and Johnston
(1989) indicates that pool-riffle spa-
cing varies widely within a given chan-
nel.

Average riffle spacing is often
(but not always) half the meander len-
gth since riffles tend to occur at mean-
der inflection points or crossovers. Rif-
fles sometimes appear in groups or
clusters. Hey and Thorne (1986) analy-
zed data from 62 sites on gravel-bed
rivers in the United Kingdom and
found riffle spacing varied from 4 to
10 channel widths with the least squa-
res best fit at 6.31 channel widths.
Riffle spacing tends to be nearer 4

Figure 8.25: Use of models for design eval-
uation. Modeling helps evaluate economics
and effectiveness of alternative designs.
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Model CHARIMA Fluvial-12 HEC-6 TABS-2 Meander USGS D•O•T GSTARS
Discretization and formulation:

Unsteady flow | stepped hydrograph Y | Y Y | Y N | Y Y | Y N | Y Y | Y N | Y N | Y
One-dimensional | quasi-two-dimensional Y | N Y | Y Y | N N | N N | N N Y | Y Y | Y
Two-dimensional | depth-average flow N N N Y Y Y | Y N N | Y
Deformable bed | banks Y | N Y | Y Y | N Y | N Y | N Y | N Y | Y Y | Y
Graded sediment load Y Y Y Y Y N Y Y
Nonuniform grid Y Y Y Y Y Y Y Y
Variable time stepping Y N Y N N N N Y

Numerical solution scheme:
Standard step method N Y Y N N N Y Y
Finite difference Y N Y N Y Y Y Y
Finite element N N N Y N N N N

Modeling capabilities:
Upstream water and sediment hydrographs Y Y Y Y Y Y Y Y
Downstream stage specification Y Y Y Y Y N Y Y
Floodplain sedimentation N N N Y N N N N
Suspended | total sediment transport Y | N Y | N N | Y Y | N N | N N | Y N | Y N | Y
Bedload transport Y Y Y N Y N N Y
Cohesive sediments N N Y Y N Y N Y
Bed armoring Y Y Y N N N Y Y
Hydraulic sorting of substrate material Y Y Y N N N Y Y
Fluvial erosion of streambanks N Y N N N N Y Y
Bank mass failure under gravity N N N N N N Y N
Straight | irregular nonprismatic reaches Y | N Y | N Y | N Y | Y N | N N | N Y | Y Y | Y
Branched | looped channel network Y | Y Y | N Y | N Y | Y N | N N | N N | N N | N
Channel beds N Y N Y Y N Y N
Meandering belts N N N N N Y N N
Rivers Y Y Y Y Y Y Y Y
Bridge crossings N N N Y N N N N
Reservoirs N Y Y N N N N Y

User support:
Model documentation Y Y Y Y Y Y Y Y
User guide | hot-line support N | N Y | N Y | Y Y | N N | N Y | N N | N Y | N

Note: Y = Yes; N = No.

Table 8.4: Examples of computational models.

channel widths on steeper gradients
and 8 to 9 channel widths on more
gradual slopes (R.D. Hey, personal com-
munication, 1997). Hey and Thorne
(1986) also developed regression for-
mulas for riffle width, mean depth,
and maximum depth.

Stability Assessment

The risk of a restored channel
being damaged or destroyed by ero-
sion or deposition is an important con-

sideration for almost all restoration
work. Designers of restored streams
are confronted with rather high levels
of uncertainty. In some cases, it may be
wise for designers to compute risk of
failure by calculating the joint proba-
bility of design assumptions being fal-
se, design equation inaccuracy, and
occurrence of extreme hydrologic even-
ts during project life. Good design prac-
tice also requires checking channel
performance at discharges well above
and below the design condition. A
number of approaches are available

for checking both the vertical (bed) and
horizontal (bank) stability of a desi-
gned stream. These stability checks are
an important part of the design pro-
cess.

Vertical (Bed) Stability
Bed stability is generally a pre-

requisite for bank stability. Aggrading
channels are liable to braid or exhibit
accelerated lateral migration in re-
sponse to middle or point bar growth.
Degrading channels widen explosively
when bank heights and angles exceed
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a critical threshold specific to bank
soil type. Bed aggradation can be ad-
dressed by stabilizing eroding chan-
nels upstream, controlling erosion on
the watershed, or installing sediment
traps, ponds (Haan et al. 1994), or de-
bris basins (USACE 1989b). If aggra-
dation is primarily due to deposition
of fines, it can be addressed by nar-
rowing the channel, although a nar-
rower channel might require more
bank stabilization.

If bed degradation is occurring
or expected to occur, and if modifica-
tion is planned, the restoration initia-
tive should include flow modification,
grade control measures, or other ap-
proaches that reduce the energy gra-
dient or the energy of flow. There are
many types of grade control structures.
The applicability of a particular type

of structure to a specific restoration
depends on a number of factors, such
as hydrologic conditions, sediment size
and loading, channel morphology, flo-
odplain and valley characteristics, avai-

lability of construction materials, eco-
logical objectives, and time and fun-
ding constraints. For more information
on various structure designs, refer to
Neilson et. al. (1991), which provides a
comprehensive literature review on
grade control structures with an anno-
tated bibliography. Grouted boulders
can be used as a grade control structu-
re. They are a key component in the
successful restoration of the South Plat-
te River corridor in Denver, Colorado
(McLaughlin Water Engineers, Ltd.,
1986).

Grade control structure stilling
basins can be valuable habitats in se-
verely degraded warm water streams
(Cooper and Knight 1987, Shields and
Hoover 1991). Newbury and Gaboury
(1993) describe the construction of ar-
tificial riffles that serve as bed degra-
dation controls. Kern (1992) used “ri-
ver bottom ramps” to control bed de-
gradation in a River Danube meander
restoration initiative. Ferguson (1991)
reviews creative designs for grade con-
trol structures that improve streamsi-
de habitat and aesthetic resources (Fi-
gure 8.28).

Horizontal (Bank) Stability
Bank stabilization may be neces-

sary in restored channels due to flood-
plain land uses or because constructed
banks are more prone to erosion than
“seasoned” ones, but it is less than
ideal if ecosystem restoration is the
objective.

Floodplain plant communities
owe their diversity to physical proces-
ses that include erosion and deposi-
tion associated with lateral migration

Figure 8.26: Ex-
ample plan and
profile of a natu-
rally meandering
stream. Channel
cross sections
vary based on
width, depth,
and slope.

Figure 8.27: A stream me-
ander and raised flood-
plain. Natural floodplains
rise slightly between a cross-
over and an apex of a me-
ander.

Figure 8.28: Grade control
structure. Control measures
can double as habitat restora-
tion devices and aesthetic fea-
tures.
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(Henderson 1986). Bank erosion con-
trol methods must be selected with the
dominant erosion mechanisms in mind
(Shields and Aziz 1992).

Bank stabilization can generally
be grouped into one of the following
three categories: (1) indirect methods,
(2) surface armor, and (3) vegetative
methods. Armor is a protective mate-
rial in direct contact with the stream-
bank. Armor can be categorized as sto-
ne, other self-adjusting armor (sacks,
blocks, rubble, etc.), rigid armor (con-
crete, soil cement, grouted riprap, etc.)
and flexible mattress (gabions, concre-
te blocks, etc.). Indirect methods ex-
tend into the stream channel and redi-
rect the flow so that hydraulic forces at
the channel boundary are reduced to a
nonerosive level. Indirect methods can
be classified as dikes (permeable and
impermeable) and other flow deflectors
such as bendway weirs, stream “bar-
bs,” and Iowa vanes. Vegetative metho-
ds can function as either armor or indi-
rect protection and in some applica-
tions can function as both simultane-
ously. A fourth category is composed of
techniques to correct problems caused
by geotechnical instabilities.

Guidance on selection and desi-
gn of bank protection measures is pro-
vided by Hemphill and Bramley (1989)
and Henderson (1986). Coppin and
Richards (1990), USDA-NRCS (1996),
and Shields et al. (1995) provide addi-
tional detail on the use of vegetative
techniques (see following section).
Newly constructed channels are more
susceptible to bank erosion than older
existing channels, with similar inflows
and geometries, due to the influence
of vegetation, armoring, and the seaso-
ning effect of clay deposition on banks
(Chow 1959). In most cases, outer banks
of restored or newly constructed mean-
ders will require protection. Structu-
ral techniques are needed (e.g., Thor-
ne et al. 1995) if immediate stability is
required, but these may incorporate
living components. If time permits, the
new channel may be constructed “in
the dry” and banks planted with woody
vegetation. After allowing the vegeta-
tion several growing seasons to deve-
lop, the stream may be diverted in from
the existing channel (R.D. Hey, perso-
nal communication, 1997).

Bank Stability Check
Outer banks of meanders erode,

but erosion rates vary greatly from stre-
am to stream and bend to bend. Obser-
vation of the project stream and simi-
lar reaches, combined with professio-
nal judgment, may be used to determi-
ne the need for bank protection, or
erosion may be estimated by simple
rules of thumb based largely on stu-
dies that relate bend migration rates
to bend geometry (e.g., Apmann 1972
and review by Odgaard 1987) (Figure
8.29). More accurate prediction of the
rate of erosion of a given streambank
is at or beyond the current state of the
art. No standard methods exist, but
several recently developed tools are
available. None of these have been used
in extremely diverse settings, and users
should view them with caution.

Tools for predicting bank ero-
sion may be divided into two groups:
(1) those which predict erosion prima-
rily due to the action of water on the
streambank surface and (2) those whi-
ch focus on subsurface geotechnical
characteristics.

Among the former is an index of
streambank erodibility based on field
observations of emergency spillways
(Moore et al. 1994, Temple and Moore
1997). Erosion is predicted for sites
where a power number based on velo-
city, depth, and bend geometry excee-
ds an erodibility index computed from
tabulated values of streambank mate-
rial properties. Also among this group
are analytical models such as the one
developed by Odgaard (1989), which
contain rather sophisticated represen-
tations of flow fields, but require input
of an empirical constant to quantify
soil and vegetation properties. These
models should be applied with careful
consideration of their limitations. For
example, Odgaard’s model should not
be applied to bends with “large curva-
ture.”

The second group of predictive
tools focuses on banks that undergo
mass failure due to geotechnical pro-
cesses. Side slopes of deep channels
may be high and steep enough to be
geotechnically unstable and to fail un-
der the influence of gravity. Fluvial
processes in such a situation serve pri-
marily to remove blocks of failed mate-

rial from the bank toe, leading to a
resteepened bank profile and a new
cycle of failure, as shown in Figure
8.30. Study of bank failure processes
along incised channels has led to a
procedure for relating bank geometry
to stability for a given set of soil condi-
tions (Osman and Thorne 1988). If
banks of a proposed design channel
are to be higher than about 10 feet,
stability analysis should be conducted.
These analyses are described in detail
in Chapter 7. Bank height estimates
should allow for scour along the outsi-
de of bends. High, steep banks are also
susceptible to internal erosion, or pi-
ping, as well as streambanks of soils
with high dispersion rates.

Allowable Velocity Check
Fortier and Scobey (1926) pu-

blished tables regarding the maximum
nonscouring velocity for given channel
boundary materials. Different versions
of these tables have appeared in nu-
merous subsequent documents, nota-
bly Simons and Senturk (1977) and
USACE (1991). The applicability of the-
se tables is limited to relatively straight
silt and sand-bed channels with depths
of flow less than 3 feet and very low bed
material loads. Adjustments to veloci-
ties have been suggested for situations
departing from those specified. Althou-
gh slight refinements have been made,
these data still form the basis of the
allowable velocity approach.

Figure 8.31 contains a series of
graphs that summarize the tables and
aid in selecting correction factors for
flow depth, sediment concentration,

Figure 8.29: Channel exhibiting accelerat-
ed lateral migration. Erosion of an outer
bank on the Missouri River is a natural proc-
ess; however, the rate of erosion should be
monitored.
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flow frequency, channel curvature,
bank slope, and channel boundary soil
properties. Use of the allowable velo-
city approach is not recommended for
channels transporting a significant
load of material larger than 1 mm. The
restoration design, however, should
also consider the effects of hydraulic
roughness and the protection afforded
by vegetation.

Perhaps because of its simplici-
ty, the allowable velocity method has
been used directly or in slightly modi-
fied form for many restoration applica-

Figure 8.30: Bank failure stages. Stability
of a bank will vary from stable to unstable
depending on bank height, bank angle, and
soil conditions.

tions. Miller et al. (1983) used allowa-
ble velocity criteria to design man-
made gravel riffles located immedia-
tely downstream of a dam releasing a
constant discharge of sediment-free
water. Shields (1983) suggested using
allowable velocity criteria to size indi-
vidual boulders placed in channels to
serve as instream habitat structures.
Tarquin and Baeder (1983) present a
design approach based on allowable
velocity for low-order ephemeral stre-

ams in Wyoming landscapes disturbed
by surface mining. Velocity of the desi-
gn event (10-year recurrence interval)
was manipulated by adjusting channel
length (and thus slope), width, and rou-
ghness. Channel roughness was adju-
sted by adding meanders, planting shru-
bs, and adding coarse bed material.
The channel width-to-depth ratio desi-
gn was based on the premining chan-
nel configuration.

Figure 8.31: Allowable velocities for unprotected earth channels. Curves reflect practical
experience in design of stable earth channels.
Source: USDA Soil Conservation Service 1977.

Notes:
In no case should the allowable
velocity be exceeded when the
10% chance discharge occurs,
regardless of the design flow
frequency.
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Allowable Stress Check
Since boundary shear stress is

more appropriate than velocity as a
measure of the forces driving erosion,
graphs have also been developed for
allowable shear stress. The average
boundary shear stress acting on an open
channel conveying a uniform flow of
water is given by the product of the
unit weight of water (γ, lb/ft3 ) times
the hydraulic radius (R, ft) times the
bed slope S:

τ = γ R S
Figure 8.32 is an example of al-

lowable shear stress criteria presen-
ted in graphical form. The most fa-
mous graphical presentation of allowa-
ble shear stress criteria is the Shields
diagram, which depicts conditions ne-
cessary for initial movement of non-
cohesive particles on a flat bed strai-
ght channel in terms of dimensionless
variables (Vanoni 1975).

The Shields curve and other al-
lowable shear stress criteria (e.g., Fi-
gure 10.5, Henderson 1966; Figure
7.7, Simons and Senturk 1977) are
based on laboratory and field data. In
simplest form, the Shields criterion
for channel stability is (Henderson
1966):

RS/[(SS -1)DS ] < a constant
for DS > ~ 6 mm

where SS is the specific gravity of the
sediment and DS is a characteristic bed
sediment size, usually taken as the
median size, D50 , for widely graded
material. Note that the hydraulic ra-
dius, R, and the characteristic bed se-
diment size, DS , must be in the same
units for the Shields constant to be
dimensionless. The dimensionless con-
stant is based on measurements and
varies from 0.03 to 0.06 depending on
the data set used to determine it and
the judgment of the user (USACE
1994).

These constant values are for
straight channels with flat beds (no
dunes or other bedforms). In natural
streams, bedforms are usually present,
and values of this dimensionless con-
stant required to cause entrainment of
bed material may be greater than 0.06.
It should be noted that entrainment
does not imply channel erosion. Ero-
sion will occur only if the supply of
sediment from upstream is less than
that transported away from the bed by
the flow.

However, based on a study of 24
gravel-bed rivers in the Rocky Moun-
tain region of Colorado, Andrews (1984)
concluded that stable gravel-bed chan-
nels cannot be maintained at values of
the Shields constant greater than about
0.080. Smaller Shields constant values
are more conservative with regard to
channel scour, but less conservative
with regard to deposition. If SS = 2.65,
and the constant is assumed to be 0.06,
the equation above simplifies to D50 =
10.1RS.

Allowable shear stress criteria
are not very useful for design of chan-
nels with beds dominated by sand or
finer materials. Sand beds are gene-
rally in motion at design discharge and
have dunes, and their shear stress va-
lues are much larger than those indi-
cated by the Shields criterion, which is
for incipient motion on a plane bed.
Allowable shear stress data for cohesi-
ve materials show more scatter than
those for sands and gravels (Grissin-
ger et al. 1981, Raudkivi and Tan
1984), and experience and observa-
tion with local channels are preferred
to published charts like those shown
in Chow (1959). Models of cohesive
soil erosion require field or laboratory

evaluation of model parameters or con-
stants.

Extrapolation of laboratory flu-
me results to field conditions is diffi-
cult, and even field tests are subject to
site-specific influences. Erosivity of
cohesive soils is affected by the chemi-
cal composition of the soil, the soil
water, and the stream, among other
factors.

However, regional shear stress
criteria may be developed from obser-
vations of channels with sand and clay
beds. For example, USACE (1993) de-
termined that reaches in the Coldwa-
ter River Watershed in northwest Mis-
sissippi should be stable with an ave-
rage boundary shear stress at channel-
forming (2-year) discharge of 0.4 to 0.9
lb/ft2.

The value of the Shields constant
also varies with bed material size di-
stribution, particularly for paved or
armored beds. Andrews (1983) deri-
ved a regression relationship that can
be expressed as:
RS/[(SS – 1)Di ] < 0.0834 (Di /D50 )

 – 0.872

When the left side of the above
expression equals the right, bed-sedi-
ment particles of size Di are at the
threshold of motion. The D50 value in
the above expression is the median
size of subsurface material. Therefore,
if D50 = 30 mm, particles with a diame-
ter of 100 mm will be entrained when
the left side of the above equation exce-
eds 0.029. This equation is for self-
formed rivers that have naturally sor-
ted gravel and cobble bed material.
The equation holds for values of Di/
D50 between 0.3 and 4.2. It should be
noted that R and Di on the left side of
the above equation must be expressed
in the same units.

Practical Guidance: Allowable
Velocity and Shear Stress

Practical guidance for applica-
tion of allowable velocity and shear
stress approaches is provided by the
Natural Resources Conservation Ser-
vice (USDA-NRCS), formerly the U.S.
Soil Conservation Service (SCS)(1977),
and USACE (1994). See Figure 8.31.

Since form roughness due to sand
dunes, vegetation, woody debris, and
large geologic features in streams dis-
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Figure 8.32: Allowable mean shear stress
for channels with boundaries of non-cohe-
sive material larger than 5 mm carrying
negligible bed material load. Shear stress
diminishes with increased suspended sedi-
ment concentrations.
Source: Lane 1955.
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sipates energy, allowable shear stress
for bed stability may be higher than
indicated by laboratory flume data or
data from uniform channels. It is im-
portant to compute cross-sectional ave-
rage velocities or shear stresses over a
range of discharges and for seasonal
changes in the erosion resistance of
bank materials, rather than for a sin-
gle design condition. Frequency and
duration of discharges causing erosion
are important factors in stability de-
termination. In cobble- or boulder-bed
streams, bed movement sometimes oc-
curs only for discharges with return
periods of several years.

Computing velocity or shear
stress from discharge requires design
cross sections, slope, and flow resistan-
ce data. If the design channel is not
extremely uniform, typical or average
conditions for rather short channel re-
aches should be considered. In chan-
nels with bends, variations in shear
stress across the section can lead to
scour and deposition even when avera-
ge shear stress values are within al-
lowable limits. The NRCS (formerly
SCS) (1977) gives adjustment factors
for channel curvature in graphical form
that are based on very limited data
(see Figure 8.31). Velocity distributions
and stage-discharge relations for com-
pound channels are complex (Williams
and Julien 1989, Myers and Lyness
1994).

Allowable velocity or shear stress
criteria should be applied to in-chan-
nel flow for a compound cross section
with overbank flow, not cross-sectional
average conditions (USACE 1994).
Channel flow resistance predictors that
allow for changing conditions with
changing discharge and stage should
be used rather than constant resistan-
ce values.

If the existing channel is stable,
design channel slope, cross section, and
roughness may be adjusted so that the
current and proposed systems have
matching curves of velocity versus di-
scharge (USACE 1994). This approa-
ch, while based on allowable velocity
concepts, releases the procedure from
published empirical values collected
in other rivers that might be intrinsi-
cally different from the one in que-
stion.

Allowable Stream Power or Slope
Brookes (1990) suggested the

product of bankfull velocity and shear
stress, which is equal to the stream
power per unit bed area, as a criterion
for stability in stream restoration ini-
tiatives. This is based on experience
with several restoration initiatives in
Denmark and the United Kingdom with
sandy banks, beds of glacial outwash
sands, and a rather limited range of
bankfull discharges (~15 to 70 cfs).
These data are plotted in Figure 8.33.

Brookes suggested that a stream
power value of 2.4 ft-lb/sec/ft2 discri-
minated well between stable and un-
stable channels. Projects with stream
powers less than about 1.0 ft-lb/sec/ft2

failed through deposition, whereas tho-
se with stream powers greater than
about 3.4 ft-lb/ sec/ft2 failed through
erosion.

Since these criteria are based on
observation of a limited number of si-
tes, application to different stream
types (e.g., cobble-bed rivers) should
be avoided.

However, similar criteria may be
developed for basins of interest. For
example, data points representing sta-
ble reaches in the Coldwater River
watershed of northwestern Mississip-
pi are shown in Figure 8.34 as black
circles. This watershed is characteri-

zed by incised, straight (channelized)
sand-bed channels with cohesive banks.
Slopes for stable reaches were measu-
red in the field, and 2-year discharges
were computed using a watershed mo-
del (HEC-1) (USACE 1993).

Brookes’ stream power criterion
is one of several region-specific stabi-
lity tests. Others include criteria ba-
sed on slope and shear stress. Using
empirical data and observation, the
Corps of Engineers has developed re-
lationships between slope and draina-
ge area for various watersheds in nor-
thwestern Mississippi (USACE 1989c).
For example, stable reaches in three
watersheds had slopes that clustered
around the regression line:

S = 0.0041 A–0.365

where A is the contributing drainage
area in square miles. Reaches with
much steeper slopes tended to be de-
gradational, while those with more gra-
dual slopes tended to be aggradatio-
nal.
Downs (1995) developed stability cri-
teria for channel reaches in the Tha-
mes Basin of the United Kingdom ba-
sed entirely on slope: channels strai-
ghtened during the 20th century were
depositional if slopes were less than
0.005 and erosional if slopes were gre-
ater.

Figure 8.33: Brookes’ stream power stability criteria. Stream power is the product of bank-
full velocity and shear stress.
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Sediment Yield and Delivery

Sediment Transport
If a channel is designed using an

empirical or a tractive stress approa-
ch, computation of sediment-transport
capacity allows a rough check to deter-
mine whether deposition is likely to be
a problem. Sediment transport rela-
tionships are heavily dependent on the
data used in their development. Inac-
curacy may be reduced by selecting tran-
sport functions appropriate to the stre-
am type and bed sediment size in que-
stion. Additional confidence can be
achieved by obtaining calibration data;
however, calibration data are not avai-
lable from a channel yet to be con-
structed. If the existing channel is rea-
sonably stable, designers can compute
a sediment discharge versus stream-
flow relationship for the existing and
proposed design channels using the
same sediment transport function and
try to match the curves as closely as
possible (USACE 1994).

If information is available regar-
ding sediment inflows into the new
channel, a multiyear sediment budget
can be computed to project likely ero-
sion and deposition and possible main-
tenance needs. Sediment load can also
be computed, using the hydraulic pro-
perties and bed material gradations of

the upstream supply reach and a suita-
ble sediment transport function. The
USACE software SAM (Copeland 1994)
includes routines that compute hydrau-
lic properties for uniform flow and se-
diment discharge for single cross sec-
tions of straight channels using any of
13 different sediment transport func-
tions. Cross sections may have com-
plex geometry and boundary materials
that vary along the section. Output can
be combined with a hydrograph or a
flow duration curve to obtain sediment
load.

HEC-6 (USACE 1993) is a one-
dimensional movable-boundary, open-
channel-flow numerical model desi-
gned to simulate and predict changes
in river profiles resulting from scour
and deposition over moderate time
periods, typically years, although ap-
plications to single flood events are
possible. A continuous discharge re-
cord is partitioned into a series of stea-
dy flows of variable discharge and du-
ration. For each discharge, a water sur-
face profile is calculated, providing
energy slope, velocity, depth, and other
variables at each cross section. Poten-
tial sediment transport rates are then
computed at each section. These rates,
combined with the duration of the flow,
permit a volumetric accounting of se-
diment within each reach. The amount

of scour or deposition at each section is
then computed, and the cross section
geometry is adjusted for the changing
sediment volume. Computations then
proceed to the next flow in the sequen-
ce, and the cycle is repeated using the
updated cross section geometry. Sedi-
ment calculations are performed by
grain size fractions, allowing the simu-
lation of hydraulic sorting and armo-
ring.

HEC-6 allows the designer to
estimate long-term response of the
channel to a predicted series of water
and sediment supply. The primary li-
mitation is that HEC-6 is one-dimen-
sional, i.e., geometry is adjusted only
in the vertical direction. Changes in
channel width or planform cannot be
simulated. Another Federal sediment
routing model is the GSTARS 2.0 (Yang
et al. 1998). GSTARS 2.0 can be used
for a combination of subcritical and
supercritical flow computations
without interruption in a semi-two-di-
mensional manner. The use of stream
tube concept in sediment routing ena-
bles GSTARS 2.0 to simulate channel
geometry changes in a semi-three-di-
mensional manner.

The amount and type of sediment
supplied to a stream channel is an im-
portant consideration in restoration
because sediment is part of the balan-

The shape of the bed material size distribution is an im-
portant parameter for determining the threshold of motion
of individual sediment sizes in a bed containing a mixture
of sand and gravel. Beds composed of unimodal (parti-
cle-size distribution shows no secondary maxima) mix-
tures of sand and gravel were found to have a narrow
range of threshold shear stresses for all sizes present on
the bed surface. For unimodal beds, the threshold of mo-
tion of all grain sizes on the bed was found to be esti-
mated adequately by using the Shields curve for the me-
dian grain size. Bed sediments composed of bimodal (par-
ticle-size distribution shows one secondary maximum)
mixtures of sands and gravels were found to have thresh-
old shear stresses that are still a function of grain size,
although much less so than predicted by the Shields curve.
For bed material with bimodal size distributions, using
the Shields curve on individual grain sizes greater than
the median size overestimates the threshold of motion
and underestimates the threshold of motion for grain sizes
less than the median size. Critical shear stresses for gravel

beds may be elevated if gravels are tightly interlocked or
imbedded. Jackson and Van Haveren (1984) present an
iterative technique for designing a restored channel based
on allowable shear stress. Separate calculations were
performed for channel bed and banks. Channel design
included provision for gradual channel narrowing as the
bank vegetation develops, and bank cohesion and re-
sistance to erosion increase. Newbury and Gaboury
(1993) use an allowable tractive force graph from Lane
(1955) to check stability of channel restoration initiatives
in Manitoba streams with cobble and gravel beds. Brookes
(1991) gives an example of the application of this method
for designing urban channels near London. From a prac-
tical standpoint, boundary shear stresses can be more
difficult to measure and conceptualize than velocities
(Brookes 1995). Allowable shear stress criteria may be
converted to allowable velocities by including mean depth
as a parameter.
The computed shear stress values are averages for the
reach in question. Average values are exceeded at points,
for example, on the outside of a bend.

Allowable Shear Stress
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ce (i.e., between energy and material
load) that determines channel stabili-
ty. A general lack of sediment relative
to the amount of stream power, shear
stress, or energy in the flow (indexes of
transport capacity) usually results in
erosion of sediment from the channel
boundary of an alluvial channel. Con-
versely, an oversupply of sediment re-
lative to the transport capacity of the
flow usually results in deposition of
sediment in that reach of stream.

Bed material sediment transport
analyses are necessary whenever a re-
storation initiative involves reconstruc-
ting a length of stream exceeding two
meander wavelengths. A reconstruc-
tion that modifies the size of a cross
section and the sinuosity for such a
length of channel should be analyzed
to ensure that upstream sediment loa-
ds can be transported through the re-
constructed reach with minimal depo-
sition or erosion. Different storm even-
ts and the average annual transported
bed material load also should be exa-
mined.

Sediment Discharge Functions
The selection of an appropriate

discharge formula is an important con-
sideration when attempting to predict
sediment discharge in streams. Nume-
rous sediment discharge formulas have
been proposed, and extensive summa-
ries are provided by Alonso and Com-
bs (1980), Brownlie (1981), Yang
(1996), Bathurst (1985), Gomez and
Church (1989), and Parker (1990).

Sediment discharge rates depend
on flow velocity; energy slope; water
temperature; size, gradation, specific
gravity, and shape of the bed material
and suspended-sediment particles;
channel geometry and pattern; extent
of bed surface covered by coarse mate-
rial; rate of supply of fine material;
and bed configuration. Large-scale va-
riables such as hydrologic, geologic,
and climatic conditions also affect the
rate of sediment transport. Because of
the range and number of variables, it
is not possible to select a sediment
transport formula that satisfactorily
encompasses all the conditions that
might be encountered. A specific for-
mula might be more accurate than
others when applied to a particular

river, but it might not be accurate for
other rivers.

Selection of a sediment transport
formula should include the following
considerations (modified from Yang
1996):
• Type of field data available or meas-

urable within time, budget, and
work hour limitations.

• Independent variables that can be
determined from available data.

• Limitations of formulas versus
field conditions.

If more than one formula can be
used, the rate of sediment discharge
should be calculated using each for-
mula. The formulas that best agree
with available measured sediment di-
scharges should be used to estimate
the rate of sediment discharge during
flow conditions when actual measure-
ments are not available.

The following formulas may be
considered in the absence of any mea-
sured sediment discharges for compa-
rison:
• Meyer-Peter and Muller (1948) for-

mula when the bed material is
coarser than 5 mm.

• Einstein (1950) formula when bed
load is a substantial part of the
total sediment discharge.

• Toffaleti (1968) formula for large
sand-bed rivers.

• Colby (1964) formula for rivers with
depths less than 10 feet and medi-
an bed material values less than
0.8 mm.

• Yang (1973) formula for fine to
coarse sand-bed rivers.

• Yang (1984) formula for gravel
transport when most of the bed
material ranges from 2 to 10 mm.

• Ackers and White (1973) or Enge-
lund and Hansen (1967) formula
for sand-bed streams having sub-
critical flow.

• Laursen (1958) formula for shal-
low rivers with fine sand or coarse
silt.

Available sediment data from a
gaging station may be used to develop
an empirical sediment discharge cur-
ve in the absence of a satisfactory sedi-
ment discharge formula, or to verify
the sediment discharge trend from a
selected formula. Measured sediment
discharge or concentration should be

plotted against streamflow, velocity,
slope, depth, shear stress, stream
power, or unit stream power. The cur-
ve with the least scatter and systematic
deviation should be selected as the
sediment rating curve for the station.

Sediment Budgets
A sediment budget is an accoun-

ting of sediment production in a water-
shed. It attempts to quantify processes
of erosion, deposition, and transport
in the basin. The quantities of erosion
from all sources in a watershed are
estimated using various procedures.
Typically, the tons of erosion from the
various sources are multiplied by sedi-
ment delivery ratios to estimate how
much of the eroded soil actually enters
a stream. The sediment delivered to
the streams is then routed through the
watershed.

The sediment routing procedu-
re involves estimating how much of
the sediment in the stream ends up
being deposited in lakes, reservoirs,
wetlands, or floodplains or in the stre-
am itself. An analysis of the soil textu-
res by erosion process is used to con-
vert the tons of sediment delivered to
the stream into tons of silt and clay,
sand, and gravel. Sediment transport
processes are applied to help make
decisions during the sediment routing
analysis. The end result is the sedi-
ment yield at the mouth of the water-
shed or the beginning of a project rea-
ch.

Table 8.5 is a summary sediment
budget for a watershed. Note that the
information in the table may be from
measured values, from estimates ba-
sed on data from similar watersheds,
or from model outputs (AGNPS, SWRR-
BWQ, SWAT, WEPP, RUSLE, and
others. Contact the NRCS National
Water and Climate Data Center for
more information on these models).
Sediment delivery ratios are determi-
ned for watershed drainage areas, ba-
sed on sediment gauge data and reser-
voir sedimentation surveys.

The watershed is subdivided
into subwatersheds at points where si-
gnificant sediment deposition occurs,
such as at bridge or road fills; where
stream crossings cause channel and flo-
odplain constrictions; and at reservoirs,
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lakes, significant flooded areas, etc.
Sediment budgets similar to the table
are constructed for each subwatershed
so the sediment yield to the point of
deposition can be quantified.

A sediment budget has many
uses, including identification of sedi-
ment sources for treatment (Figure
8.34). If the goal for a restoration ini-
tiative is to reduce sedimentation from
a watershed, it is critical to know what
type of erosion is producing the most
sediment and where that erosion is
occurring. In stream corridor restora-
tion, sediment yield (both in terms of
quantity and average grain size diame-
ter) to a stream and its floodplain need
to be identified and considered in de-
signs. In channel stability investiga-
tions, the amount of sand and gravel
sediment entering the stream from the
watershed needs to be quantified to
refine bed material transport calcula-
tions.

Example of a Sediment Budget
A simple application of a sedi-

ment transport equation in a field si-
tuation illustrates the use of a sedi-
ment budget. Figure 8.35 shows a stre-

am reach being evaluated for stability
prior to developing a stream corridor
restoration plan. Five representative
channel cross sections (A, B, C, D, and
E) are surveyed. Locations of the cross
sections are selected to represent the
reach above and below the points whe-
re tributary streams, D and E, enter
the reach. Additional cross sections
would need to be surveyed if the stre-
am at A, B, C, D, or E is not typical of
the reach.

An appropriate sediment tran-

sport equation is selected, and the tran-
sport capacity at each cross section for
bed material is computed for the same
flow conditions. Figure 8.35 shows the
sediment loads in the stream and the
transport capacities at each point.

The transport capacities at each
point are compared to the sediment
load at each point. If the bed material
load exceeds the transport capacity,
deposition is indicated. If the bed ma-
terial transport capacity exceeds the
coarse sediment load available, ero-

Sediment Delivered
to Blue Stem Lake

Protection
Level

Erosion Source Acres
or
Miles

Average
Erosion Rate
(tons/acre/year
or tons/bank
mile/year)

Annual
Erosion
(tons/
year)

Sediment
Delivery
Ratio
(percent)

Sediment
to Streams

Sediment
Deposited
Uplands &
Floodplains
(tons/year)

(tons/
year)

(percent)

Sheet, rill, and ephemeral gully
Adequate Cropland 6000 3.0 18000 30 5400 14,380 3620 33.7
Inadequate Cropland 1500 6.5 9750 30 2930 7790 1960 18.3
Adequate Pasture/hayland 3400 1.0 3400 20 680 2940 460 4.3
Inadequate Pasture/hayland 600 6.0 3600 20 720 3120 480 4.5
Adequate Forestland 1200 0.5 600 20 120 520 80 0.7
Inadequate Forestland 300 5.5 1650 20 330 1430 220 2.1
Adequate Parkland 700 1.0 700 30 210 560 140 1.3
Inadequate Parkland 0 0 0 0 0 0 0 0.0
Adequate Other 420 2.0 840 20 170 730 110 1.0
Inadequate Other 0 0 0 20 0 0 0 0.0

Classic gully N/A N/A 600 40 240 440 160 1.5
Streambank
Slight 14 50 100 700 5400 140 560 5.2
Moderate 10.5 150 1580 100 1580 320 1260 11.7
Severe 3.5 600 2100 100 2100 420 1680 15.7

Total erosion 43,520 Total sediment to Blue Stem Lake 10,730

Table 8.5: Example of a sediment budget for a watershed.

Figure 8.34: Eroded
upland area. Upland
sediment sources
should be identified in
a sediment budget.
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sion of the channel bed or banks is
indicated.

Figure 8.35 compares the loads
and transport capacities within the re-
ach. The stream might not be stable
below B due to deposition. The 50 tons/
day deposition is less than 10 percent
of the total bed material load in the
stream.

This small amount of sediment
is probably within the area of uncer-
tainty in such analyses. The stream
below C probably is unstable due to
the excess energy (transport capacity)
causing either the banks or bottom to
be eroded.

After this type of analysis is com-
plete, the stream should be inspected
for areas where sediment is building
up or where the stream is eroding. If
these problem areas do not match the
predictions from the calculations, the
sediment transport equation may be
inappropriate, or the sediment bud-
get, the hydrology, or the channel sur-
veys may be inaccurate.

Single Storm versus Average
Annual Sediment Discharge

The preceeding example pre-
dicts the amount of erosion and depo-
sition that can be expected to occur
over one day at one discharge. The bed
material transport equation probably
used one grain size of sediment. In

reality, a variety of flows over varying
lengths of time move a variety of sedi-
ment particle sizes. Two other approa-
ches should be used to help predict
the quantity of bed material sediment
transported by a stream during a sin-
gle storm event or over a typical runoff
year.

To calculate the amount of sedi-
ment transported by a stream during a
single storm event, the hydrograph for
the event is divided into equal-length
segments of time. The peak flow or the
average discharge for each segment is
determined. A spreadsheet can be de-
veloped that lists the discharges for
each segment of a hydrograph in a co-
lumn (Table 8.6). The transport capa-
city from the sediment rating curve for
each discharge is shown in another co-
lumn (Figure 8.36). Since the transport
capacity is in tons/day, a third column
should include the length of time re-
presented by each segment of the hydro-
graph. This column is multiplied by
the transport capacity to create a final
column that represents the amount of
sediment that could be transported
over each segment of the hydrograph.
Summing the values in the last colu-
mn shows the total bed material tran-
sport capacity generated by that storm.

Average annual sediment tran-
sport in a stream can be determined
using a procedure very similar to the
storm prediction. The sediment rating
curve can be developed from predicti-
ve equations or from physical measu-
rements. The annual flow duration cur-

Note:
Numbers represent
tons/day bed material
load in stream.

Figure 8.35: Sediment budget.
Stream reaches should be evaluat-
ed for stability prior to developing a
restoration plan.

Bed Material Load Routing Computations
Bed material load transport capacity at A 400 tons/day

Bed material load transport capacity at B 500 tons/day

Bed material load transport capacity at C 900 tons/day

Bed material load transport capacity at D 150 tons/day

Bed material load transport capacity at E 250 tons/day

Transport capacity at A 400 tons

Load to B 400 tons transported below A
+ 150 tons from tributary D
550 tons to B

Transport capacity at B 500 tons

50 tons deposition below B (550 - 500 = 50)

Load to C 500 tons transported below B
+ 250 tons from tributary E
750 tons to C

Transport capacity at C 900 tons

150 tons erosion below C (750 - 900 = -150 tons)

Column 1 Column 2 Column 3 Column 4 Column 5
Segment  of
Hydrograph

Segment
Discharge
(ft3 /s)

Transport
Capacity
(tons/day)

Segment
Time (days)

Actual
Transport
(tons)

A 100 150 .42 62

B 280 1700 .42 708

C 483 6000 .42 2500

D 500 6500 .42 2708

E 390 4500 .42 1875

F 155 530 .42 221

G 80 90 .42 38

Total tons transported over the storm 8112

Table 8.6: Sediment discharges for segments
of a hydrograph. The amount of sediment
discharged through a reach varies with time
during a stream flow event.
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ve is substituted for the segmented
hydrograph. The same type of sprea-
dsheet described above can be used,
and the sum of the values in the last
column is the annual sediment-tran-
sport capacity (based on predictive
equations) or the actual annual sedi-
ment transport if the rating curve is
based on measured data.

Sediment Discharge
After Restoration

After the sediment transport
analysis results have been field-chec-

ked to ensure that field conditions are
accurately predicted, the same analy-
ses are repeated for the new cross sec-
tions and slope in a reconstructed stre-
am or stream reach. Plans and designs
may be modified if the second analysis
indicates significant deposition or ero-
sion could occur in the modified reach.
If potential changes in runoff or sedi-
ment yield are predicted to occur in
the watershed above a potential resto-
ration site, the sediment transport
analyses should be done again based
on these potential changes.

Stability Controls

The risk of a restored channel’s
being damaged or destroyed by ero-
sion or deposition can be reduced if
economic considerations permit instal-
lation of control measures. Control
measures are also required if “natu-
ral” levels of channel instability (e.g.,
meander migration) are unacceptable
in the restored reach.

In many cases, control measures
double as habitat restoration devices
or aesthetic features (Nunnally and
Shields 1985, Newbury and Gaboury
1993).

Control measures may be catego-
rized as bed stabilization devices, bank
stabilization devices, and hydrologic
measures. Reviews of control measu-
res are found in Vanoni (1975), Si-
mons and Senturk (1977), Petersen
(1986), Chang (1988), and USACE
(1989b, 1994), and are treated only
briefly here. Haan et al. (1994) provi-
de design guidance for sediment con-
trol on small watersheds. In all cases,
sediment control systems should be
planned and designed with the geo-
morphic evolution of the watershed in
mind.

Even where streams retain rela-
tively natural patterns of flow and floo-
ding, stream corridor restoration mi-
ght require that streambanks be tem-
porarily (years to decades) stabilized
while floodplain vegetation recovers.
The objective in such instances is to
arrest the accelerated erosion often
associated with unvegetated banks, and
to reduce erosion to rates appropriate
for the stream system and setting. In
these situations, the initial bank pro-
tection may be provided primarily with
vegetation, wood, and rock as neces-
sary (refer to Appendix A).

In other cases, land development
or modified flows may dictate the use
of hard structures to ensure perma-
nent stream stability, and vegetation

is used primarily to address specific
ecological deficiencies such as a lack of
channel shading. In either case (per-
manent or temporary bank stabiliza-
tion), stream-flow projections are used
(as described in Chapter 7) to determi-
ne the degree to which vegetation must
be supplemented with more resistant
materials (natural fabrics, wood, rock,
etc.) to achieve adequate stabilization.

The causes of excessive erosion
may be reversible through changes in
land use, livestock management, floo-
dplain restoration, or water manage-
ment. In some cases, even normal rates
of bank erosion and channel movement
might be considered unacceptable due
to adjacent development, and vegeta-
tion might be used primarily to reco-

ver some habitat functions in the vici-
nity of “hard” bank stabilization mea-
sures. In either case, the considera-
tions discussed above with respect to
soils, use of native plant species, etc.,
are applicable within the bank zone.
However, a set of specialized techni-
ques can be employed to help ensure
plant establishment and improve ha-
bitat conditions.

As discussed earlier in this chap-
ter, integration of woody vegetative
cuttings, independently or in combi-
nation with other natural materials, in
streambank erosion control projects is
generally referred to as soil bioengine-
ering. Soil-bioengineered bank stabi-
lization systems have not been stan-
dardized for general application un-

8.F Streambank Restoration

Figure 8.36: Sediment rating curve. A “sediment rating curve” rates the quantity of sediment
carried by a specific stream flow at a defined point or gage.
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der particular flow conditions, and the
decision as to whether and how to use
them requires careful consideration of
a variety of factors. On larger streams
or where erosion is severe, an effective
approach involves a team effort that
includes expertise in soils, biology, plant
sciences, landscape architecture, geolo-
gy, engineering, and hydrology.

Soil bioengineering approaches
usually employ plant materials in the
form of live woody cuttings or poles of
readily sprouting species, which are
inserted deep into the bank or ancho-
red in various other ways. This serves
the dual purposes of resisting washout
of plants during the early establish-
ment period, while providing some
immediate erosion protection due to
the physical resistance of the stems.
Plant materials alone are sufficient on
some streams or some bank zones, but
as erosive forces increase, they can be
combined with other materials such as
rocks, logs or brush, and natural fabri-
cs (Figure 8.37). In some cases, woody
debris is incorporated specifically to
improve habitat characteristics of the
bank and near-bank channel zones.

Preliminary site investigations
(see Figure 8.38) and engineering analy-
ses must be completed, as described in
Chapter 7, to determine the mode of
bank failure and the feasibility of using
vegetation as a component of bank sta-
bilization work. In addition to the tech-
nical analyses of flows and soils, preli-
minary investigations must include
consideration of access, maintenance,
urgency, and availability of materials.

Generalizations regarding water
levels and flow velocities should be
taken only as indications of the expe-
riences reported from various bank sta-
bilization projects. Any particular site
must be evaluated to determine how
vegetation can or cannot be used. Soil
cohesiveness, the presence of gravel
lenses, ice accumulation patterns, the
amount of sunlight reaching the bank,
and the ability to ensure that grazing
will be precluded are all considera-
tions in assessing the suitability of ve-
getation to achieve bank stabilization.
In addition, modified flow patterns may
make portions of the bank inhospita-
ble to plants because of inappropriate
timing of inundation rather than flow

velocities and durations (Klimas 1987).
The need to extend protection well
beyond the immediate focus of erosion
and to protect against flanking is an
important design consideration.

As noted in Section 8.E, stream-
bank stabilization techniques can ge-
nerally be classified as armor, indirect
methods, or vegetative methods. The
selection of the appropriate stabiliza-
tion technique is extremely important
and can be expressed in terms of the
factors discussed below.

Effectiveness of Technique

The inherent factors in the pro-
perties of a given bank stabilization
technique, and in the physical characte-
ristics of a proposed work site, influen-
ce the suitability of that technique for
that site. Effectiveness refers to the
suitability and adequacy of the techni-
que. Many techniques can be designed
to adequately solve a specific bank sta-
bility problem by resisting erosive for-

Figure 8.37: A stabilized stre-
ambank. Plant materials can
be combined with other ma-
terials such as rocks, logs or
brush, and natural fabrics.
[(a) during and (b) after.]

(a)

(b)

Figure 8.38: Eroded bank.
Preliminary site investigation
and analyses are critical to
successful streambank stabi-
lization design.
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In the Big Snowy Mountains of central Montana, Careless
Creek begins to flow through range-lands and fields until
it reaches the Musselshell River. At the beginning of the
century, the stream was lined with a riparian cover, prima-
rily of willow. This stream corridor was home to a diversity
of wildlife such as pheasant, beaver, and deer.
In the 1930s, a large reservoir was constructed to the west
with two outlets, one connected to Careless Creek. These
channels were meant to carry irrigation water to the area
fields and on to the Musselshell River. Heavy flows during
the summer months began to erode the banks (Figure
8.39a). In the following years, ranchers began clearing
more and more brush for pasture, sometimes burning it
out along a stream.
“My Dad carried farmer’s matches in his pocket. There
was a worn spot on his pants where he would strike a
match on his thigh,” said Jessie Zeier, who was raised on
a ranch near Careless Creek, recalling how his father of-
ten cleared brush.
Any remaining willows or other species were eliminated in
the following years as ranchers began spraying riparian
areas to control sage-brush. This accelerated the
streambank erosion as barren, sometimes vertical, banks
began sloughing off chunks of salted gnones developed
to help the planning effort. Many organizations took part,
including the Upper and Lower Musselshell Conservation
Districts; Natural Resources Conservation Service; Mon-
tana Department of Natural Resources and Conservation;
Montana Department of Fish; Wildlife and Parks;
Deadman’s Basin Water Users Association; U.S. Bureau
of Reclamation; Central Montana RC&D; City of Roundup;
Roundup Sportsmen; county commissioners; and local
landowners.
As part of the planning effort, a geographic information

Careless Creek, Montana

system resource inventory was begun in 1993. The inven-
tory revealed about 50 percent of the banks along the 18
miles of Careless Creek were eroding. The inventory
helped to locate the areas causing the most problems.
Priority was given to headquarters, corrals, and croplands,
where stabilization of approximately 5,000 feet of
streambank has taken place, funded by EPA monies.
Passive efforts have also begun to stabilize the banks.
Irrigation flows in Careless Creek have been decreased
for the past 5 years, enabling some areas, such as the
one pictured, to begin to self-heal (Figure 8.39b). Vegeta-
tion has been given a chance to root as erosion has be-
gun to stabilize. Other practices, such as fencing, are be-
ing implemented, and future treatments are planned to
provide a long-term solution.

ces and geotechnical failure. The chal-
lenge is to recognize which technique
matches the strength of protection
against the strength of attack and the-
refore performs most efficiently when
tested by the strongest process of ero-
sion and most critical mechanism of
failure. Environmental and economic
factors are integrated into the selec-
tion procedure, generally making soil
bioengineering methods very attracti-
ve. The chosen solution, however, must
first fulfill the requirement of being
effective as bank stabilization; othe-
rwise, environmental and economic
attributes will be irrelevant.

Soil bioengineering can be a use-
ful tool in controlling streambank ero-
sion, but it should not be considered a
panacea. It must be performed in a
judicious manner by personnel expe-
rienced in channel processes, biology,
and streambank stabilization techni-
ques.

Stabilization Techniques

Plants may be established on
upper bank and floodplain areas by
using traditional techniques for see-
ding or by planting bare-root and con-

tainer-grown plants. However, these
approaches provide little initial resi-
stance to flows, and plantings may be
destroyed if subjected to high water
before they are fully established. Cut-
tings, pole plantings, and live stakes
taken from species that sprout readily
(e.g., willows) are more resistant to ero-
sion and can be used lower on the bank
(Figure 8.40). In addition, cuttings and
pole plantings can provide immediate
moderation of flow velocities if plan-
ted at high densities. Often, they can
be placed deep enough to maintain
contact with adequate soil moisture
levels, thereby eliminating the need

Figure 8.39:
C a r e l e s s
Creek. (a)
Eroded stre-
ambank (May
1995) and (b)
streambank in
recovery (De-
cember 1997).

(a)

(b)
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for irrigation. The reliable sprouting
properties, rapid growth, and general
availability of cuttings of willows and
other pioneer species makes them par-
ticularly appropriate for use in bank
revegetation projects, and they are used
in most of the integrated bank protec-
tion approaches described here (see
Figure 8.41).

Anchored Cutting Systems
Several techniques are available

that employ large numbers of cuttings
arranged in layers or bundles, which
can be secured to streambanks and
partially buried. Depending on how
these systems are arranged, they can
provide direct protection from erosive
flows, prevent erosion from upslope
water sources, promote trapping of se-
diments, and quickly develop dense
roots and sprouts. Brush mattresses
and woven mats are typically used on
the face of a bank and consist of cuttin-
gs laid side by side and interwoven or
pinned down with jute cord or wire
held in place by stakes. Brush layers
are cuttings laid on terraces dug into
the bank, then buried so that the bran-
ch ends extend from the bank. Fasci-
nes or wattles are bundles of cuttings
tied together, placed in shallow tren-
ches arranged horizontally on the bank
face, partially buried, and staked in
place. A similar system, called a reed
roll, uses partially buried and staked

burlap rolls filled with soil and root
material or rooted shoots to establish
herbaceous species in appropriate ha-
bitats. Anchored bundles of live cut-
tings also have been installed perpen-
dicular to the channel on newly con-
structed gravel floodplain areas to dis-
sipate floodwater energy and encoura-
ge deposition of sediment (Karle and
Densmore 1994).

Geotextile Systems
Geotextiles have been used for

erosion control on road embankments
and other upland settings, usually in
combination with seeding, or with plan-
ts placed through slits in the fabric. In
self-sustaining streambank applica-
tions, only natural, biodegradable ma-
terials should be used, such as jute or
coconut fiber (Johnson and Stypula
1993). The typical streambank use for
these materials is in the construction
of vegetated geogrids, which are simi-
lar to brush layers except that the fill
soils between the layers of cuttings are
encased in fabric, allowing the bank to
be constructed of successive “lifts” of
soil, alternating with brush layers. This
approach allows reconstruction of a
bank and provides considerable ero-
sion resistance (see Green River case
study). Natural fibers are also used in
“fiber-schines,” which are sold specifi-
cally for streambank applications. The-
se are cylindrical fiber bundles that

can be staked to a bank with cuttings or
rooted plants inserted through or into
the material.

Vegetated plastic geogrids and
other nondegradable materials can
also be used where geotechnical pro-
blems require drainage or additional
strength.

Integrated Systems

A major concern with the use of
structural approaches to streambank
stabilization is the lack of vegetation
in the zone directly adjacent to the wa-
ter. Despite a long-standing concern
that vegetation destabilizes stone re-
vetments, there has been little suppor-
ting evidence and even some evidence
to the contrary (Shields 1991). Assu-
ming that loss of conveyance is accoun-
ted for, the addition of vegetation to
structures should be considered. This
can involve placement of cuttings du-
ring construction, or insertion of cut-
tings and poles between stones on exi-
sting structures. Timber cribwalls may
also be constructed with cuttings or
rooted plants extending through the
timbers from the backfill soils.

Trees and Logs
Tree revetments are made from

whole tree trunks laid parallel to the
bank, and cabled to piles or deadman

Figure 8.41: Results of live
staking along a streambank.
Pioneer species are often
most appropriate for use in
bank revegetation projects.

Figure 8.40: Cutting
systems. Details of
brushmattress tech-
nique. Source: USDA-
NRCS 1996a.
Note: Rooted/leafed
condition of the living
plant material is not rep-
resentative at the time of
installation.
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anchors. Eastern red cedar (Juniperus
virginiana) and other coniferous trees
are used on small streams, where their
springy branches provide interference
to flow and trap sediment. The princi-
pal objective to these systems is the
use of large amounts of cable and the
potential for trees to be dislodged and
cause downstream damage.

Some projects have successfully
used large trees in conjunction with
stone to provide bank protection as
well as improved aquatic habitat (see
case study). Large logs with intact root
wads are placed in trenches cut into
the bank, such that the root wads ex-
tend beyond the bank face at the toe
(Figure 8.42). The logs are overlapped

and/or braced with stone to ensure sta-
bility, and the protruding rootwads ef-
fectively reduce flow velocities at the
toe and over a range of flow elevations
(Figure 8.43). A major advantage of
this approach is that it reestablishes
one of the natural roles of large woody
debris in streams by creating a dyna-
mic near-bank environment that traps
organic material and provides coloni-
zation substrates for invertebrates and
refuge habitats for fish. The logs even-
tually rot, resulting in a more natural
bank. The revetment stabilizes the
bank until woody vegetation has matu-
red, at which time the channel can re-
turn to a more natural pattern.

In most cases, bank stabilization

projects use combinations of the tech-
niques described above in an integra-
ted approach. Toe protection often re-
quires the use of stone, but amounts
can be greatly reduced if large logs can
also be used. Likewise, stone blankets
on the bank face can be replaced with
geogrids or supplemented with inter-
stitial plantings. Most upper bank are-
as can usually be stabilized using ve-
getation alone, although anchoring sy-
stems might be required. The Green
River bank restoration case study illu-
strates one successful application of
an integrated approach on a moderate-
sized river in Washington State.

Figure 8.42: Revetment system. Details of rootwad and boulder
technique.
Source: USDA-NRCS 1996a.

Figure 8.43: Installation of logs with intact root wads.
An advantage to using tree revetments is the creation of
habitat for invertebrates and fish along the stream-
bank.

Green River Bank Restoration Initiative
King County, Washington

The King County, Washington, Surface Water Manage-
ment Division initiated a bank restoration initiative in 1994
that illustrates a variety of project objectives and soil bio-
engineering approaches (Figure 8.44). The project in-
volved stabilization of the bank of the Green River along
a 500-foot section of a meander bend that was rapidly
migrating into the adjacent farm field. The project objec-
tives included improvement of fish and wildlife habitat,
particularly for salmonids.

Site investigations included surveys of stream cross sec-
tions, velocity measurements at two discharge levels, soil
characterizations, and assessment of fish use of existing
habitat features in the area. The streambank was vertical,
5 to 10 feet high, and composed of silty-clay-loam allu-
vium with gravel lenses. Flow velocities were 2 to 5 fps for
flows of 200 and 550 cfs. Fish were primarily observed in
areas of low velocities and/or near woody debris, and along
the channel margins. In August, large woody debris was
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installed along the toe of the bank. The logs were cedar
and fir, 25 feet long and 28 to 36 inches in diameter, with
root wads 6 to 8 feet in diameter. The logs were placed in

trenches cut 15 feet back into the bank so that the root
wads extended into the channel, and large (3- to 4-foot
diameter) boulders were placed among the logs at the
toe. Log and boulder placement was designed to inter-
lock and brace the logs and prevent movement. The
project used approximately 10 logs and 20 boulders per
100 lineal feet of bank. In September, vegetated geogrids
were installed above the toe zone to stabilize the high
bank (Figure 8.45).
The project was completed with installation of a variety of
plants, including container-grown conifers and understory
species, in a minimum 25-foot buffer along the top of the
bank. Within 2 months of completion, the site was sub-
jected to three high flows, including an 8,430-cfs event in
December 1994. Measured velocities along the bank were
less than 2 fps at the surface and less than 1 fps 2 feet
below the surface, indicating the effectiveness of the root
wads in moderating flow velocities (Figure 8.46). Some
surface erosion and washout of plants along the top bank
occurred, and a subsequent event caused minor damage
to the geogrid at one location.
The maintenance repairs consisted of replanting and
placement of additional logs to halt undermining of the
geogrid. The 1995 growing season produced dramatic
growth of the willow cuttings in the geogrid, although many
of the planted trees in the overbank zone died (Figure
8.47). Initial observations have documented extensive fish
use of the slow-water habitats among the root wads at the
toe of the bank, and in scour holes created by flows de-
flected toward the channel bottom.
The site continues to be carefully monitored, and the ef-
fectiveness of the approach has led to the implementation
of similar designs elsewhere in the region. The project
designers have concluded that future projects of this type
should use small plants rather than large rooted material
in the overbank zone to reduce costs, improve survival,
and minimize damage due to equipment access for main-
tenance or repair. Based on their obsevations of fish re-
sponse along the restored bank and in nearby stream
reaches, they also recommend that future projects incor-
porate a greater variety of woody debris, including brushy
material and tree tops, along the toe and lower bank.

Figure 8.45: Partially installed vegetated
geogrid. Installed above the toe to stabilize
high bank.

Figure 8.47: Completed system after one
year. Note dramatic willow growth from
vegetated geogrid.

Figure 8.46: Completed system. Note calm
water along bankline during high flow.

Typical Detail – Log Pattern
Plan View

Flow

Note: vegetated
geogrid layers
not shown

New ohwm

Existing toe of
bank at low water

Existing ohwm

Existing top of bank

Toe of
excavated
slope

Gravel backfill

Cobble backfill

Large boulder

Match to
existing
grade

Area to be excavated

(b)

Figure 8.44:
C o n s t r u c -
tion details.
Source: King
County Surface
Water Manage-
ment Division.

q’

Existing bank
to be excavated

Vegetated
geogrid layers

Brush
matress

14’ 15’ min 15’ max

native vegetation
plantings

restored levee
access road

Coir mesh
staked to bank

Back slope
of excavation

Backfill between logs
with boulders/cobbles/gravels

Low water

Ohwm

Top log with
root  wad

Typical Cross-Section of Restored Bank
Section View

Footer log
placed in
excavated trench

Middle log
with root  wad

(a)
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As described in Chapter 2, habi-
tat is the place where a population
lives and includes living and nonli-
ving components. For example, fish
habitat is a place, or set of places, in
which a single fish, a population, or an
assemblage of fish can find the physi-
cal, chemical, and biological features
needed for life, including suitable wa-
ter quality, passage routes, spawning
grounds, feeding and resting sites, and
shelter from predators and adverse
conditions (Figure 8.48). Principal
factors controlling the quality of the
available aquatic habitat include:
• Streamflow conditions.
• Physical structure of the channel.
• Water quality (e.g., temperature,

pH, dissolved oxygen, turbidity, nu-
trients, alkalinity).

• The riparian zone.
• Other living components.

The existing status of aquatic
habitats within the stream corridor
should be assessed during the plan-
ning stage (Part II). Design of channels,
structures, or restoration features can
be guided and fine tuned by assessing
the quality and quantity of habitats
provided by the proposed design. Ad-
ditional guidance on assessing the
quantity and quality of aquatic habitat
is provided in Chapter 7.

This section discusses the desi-
gn of instream habitat structures for
the purpose of enhancing physical
aquatic habitat quality and quantity. It
should be noted, however, that the best
approach to habitat recovery is to re-
store a fully functional, well-vegetated
stream corridor within a well-mana-

ged watershed. Man-made structures
are less sustainable and rarely as ef-
fective as a stable channel. Over the
long term, design should rely on natu-
ral fluvial processes interacting with
floodplain vegetation and associated
woody debris to provide high-quality
aquatic habitat. Structures have little
effect on populations that are limited
by factors other than physical habitat.

Instream Habitat Features

The following procedures to re-
store instream habitat are adapted
from Newbury and Gaboury (1993) and
Garcia (1995).
• Select stream. Give priority to

reaches with the greatest difference
between actual (low) and potential
(high) fish carrying capacity and
with a high capacity for natural re-
covery processes.

• Evaluate fish populations and their
habitats. Give priority to reaches
with habitats and species of spe-
cial interest. Is this a biological,
chemical, or physical problem? If a
physical problem:

• Diagnose physical habitat prob-
lems.

- Drainage basin. Trace watershed
lines on topographical and geolog-
ical maps to identify sample and
rehabilitation basins.

- Profiles. Sketch main stem and trib-
utary long profiles to identify dis-
continuities that might cause
abrupt changes in stream charac-
teristics (falls, former base levels,

etc.).
- Flow. Prepare flow summary for re-

habilitation reach using existing
or nearby records if available (flood
frequency, minimum flows, histor-
ical mass curve). Correct for drain-
age area differences. Compare
magnitude and duration of flows
during spawning and incubation
to year class strength data to deter-
mine minimum and maximum
flows required for successful repro-
duction.

- Channel geometry survey. Select
and survey sample reaches to es-
tablish the relationship between
channel geometry, drainage area,
and bankfull channel-forming dis-
charge (Figure 8.49). Quantify hy-
draulic parameters at design dis-
charge.

- Rehabilitation reach survey. Sur-
vey rehabilitation reaches in suffi-
cient detail to prepare channel
cross section profiles and construc-
tion drawings and to establish sur-
vey reference markers.

- Preferred habitat. Prepare a sum-
mary of habitat factors for biologi-
cally preferred reaches using re-
gional references and surveys. Iden-
tify multiple limiting factors for the
species and life stages of greatest
concern. Where possible, undertake
reach surveys in reference streams
with proven populations to identi-
fy local flow conditions, substrate,
refugia, etc.

• Design a habitat improvement
plan. Quantify the desired results
in terms of hydraulic changes, hab-
itat improvement, and population
increases.

- Integrate selection and sizing of re-
habilitation works with instream
flow requirements.

- Select potential schemes and struc-
tures that will be reinforced by the
existing stream dynamics and ge-

8.G Instream Habitat Recovery

Figure 8.48: In-
stream habitat.
Suitable water
quality, passage
routes, and spawn-
ing grounds are
some of the charac-
teristics of fish hab-
itat.

Man-made structures are less
sustainable and rarely as effec-
tive as a stable channel.
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ometry. The following section pro-
vides additional detail on use of
habitat structures.

- Test designs for minimum and max-
imum flows and set target flows for
critical periods derived from the
historical mass curve.

• Implement planned measures.
- Arrange for on-site location and el-

evation surveys and provide advice
for finishing details in the stream.

• Monitor and evaluate results.
- Arrange for periodic surveys of the

rehabilitated reach and reference
reaches, to improve the design, as
the channel ages.

Instream Habitat Structures

Aquatic habitat structures (also
called instream structures and stream
improvement structures) are widely
used in stream corridor restoration.
Common types include weirs, dikes,
random rocks, bank covers, substrate
reinstatement, fish passage structures,
and off-channel ponds and coves. Insti-
tutional factors have favored their use
over more holistic approaches to resto-
ration. For example, it is often easier
to obtain authority and funding to work
within a channel than to influence ri-
parian or watershed land use. Habitat
structures have been used more along
cold water streams supporting salmo-
nid fisheries than along warm water
streams, and the voluminous literatu-

re is heavily weighted toward cold wa-
ter streams.

In a 1995 study entitled Stream
Habitat Improvement Evaluation
Project, 1,234 structures were evalua-
ted according to their general effecti-
veness, the habitat quality associated
with the given structure type, and ac-
tual use of the structures by fish (Bio
West 1995). The study determined ap-
proximately 18 percent of the structu-
res need maintenance. Where inade-
quate flows and excessive sediment
delivery occur, structures have a brief
lifespan and limited value in terms of
habitat improvement. Furthermore,
the study concluded that instream ha-
bitat structures generally provided in-
creased fish habitat.

Before structural habitat featu-
res are added to a stream corridor re-
storation design, project managers
should carefully determine whether
they address the real need and are
appropriate. Major caveats include the
following:
• Structures should never be viewed

as a substitute for good riparian
and upland management.

• Defining the ecological purpose of
a structure and site selection are as
important as construction tech-
nique.

• Scour and deposition are natural
stream processes necessary to cre-
ate fish habitat. Overstabilization
therefore limits habitat potential,
whereas properly designed and sit-
ed structures can speed ecological
recovery.

• Use of native materials (stone and
wood) is strongly encouraged.

• Periodic maintenance of structures
will be necessary and must be in-
corporated into project planning.

Instream Habitat Structure
Design

Design of aquatic habitat struc-
tures should proceed following the ste-
ps presented below (Shields 1983).
However, the process should be viewed
as iterative, and considerable recycling
among steps should be expected.
• Plan layout.
• Select types of structures.
• Size the structures.
• Investigate hydraulic effects.
• Consider effects on sediment trans-

port.
• Select materials and design struc-

tures.
Each step is described below.

Construction and monitoring follow-up
activities are described in Chapter 9.

Plan Layout
The location of each structure

should be selected. Avoid conflicts with
bridges, riparian structures, and exi-
sting habitat resources (e.g., stands of
woody vegetation). The frequency of
structures should be based on the ha-
bitat requirements previously deter-
mined, within the context of the stre-
am morphology and physical characte-
ristics (see Chapter 7). Care should be
taken to place structures where they
will be in the water during baseflow.
Structures should be spaced to avoid
large areas of uniform conditions.
Structures that create pools should be
spaced five to seven channel widths
apart. Weirs placed in series should
be spaced and sized carefully to avoid
placing a weir within the backwater
zone of the downstream structure, sin-
ce this would create a series of pools
with no intervening riffles or shallows.

Select Types of Structures
The main types of habitat struc-

tures are weirs, dikes (also called jet-
ties, barbs, deflectors (Figure 8.50),
spurs, etc.), random rocks (also called
boulders), and bank covers (also called
lunkers). Substrate reinstatement (ar-
tificial riffles), fish passage structures,
and off-channel ponds and coves have
also been widely employed. Fact she-
ets on several of these techniques are
provided in the Techniques Appendix,

Figure 8.49: Surveying a stream.
Channel surveys establish baseline
information needed for restoration
design.

FAST FORWARD
Preview Chapter 9
for an ntroduction to construction
and monitoring follow-up activities.
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experience similar problems. Additio-
nal guidance for evaluating the gene-
ral suitability of various fish habitat
structures for a wide range of morpho-
logical stream types is provided by Ro-
sgen (1996). Seehorn (1985) provides
guidance for small streams in the ea-
stern United States. The use of any of
these guides should also consider the
relative stability of the stream, inclu-
ding aggradation and incision trends,
for final design.

and numerous design web sites are
available (White and Brynildson 1967,
Seehorn 1985, Wesche 1985, Orsborn
et al. 1992, Orth and White 1993, Flo-
si and Reynolds 1994).

Evidence suggests that traditio-
nal design criteria for widespread bank
and bed stabilization measures (e.g.,
concrete grade control structures, ho-
mogeneous riprap) can be modified,
with no functional loss, to better meet
environmental objectives and impro-
ve habitat diversity. Table 8.7 may be

used as a general guide to relate struc-
tural type to habitat requirement.
Weirs are generally more failure-pro-
ne than deflectors. Deflectors and ran-
dom rocks are minimally effective in
environments where higher flows do
not produce sufficient local velocities
to produce scour holes near structures.
Random rocks (boulders) are especial-
ly susceptible to undermining and bu-
rial when placed in sand-bed channels,
although all types of stone structures

Size the Structures
Structures should be sized to produce the desired aquatic

habitats at the normal range of flows from baseflow to bankfull
discharge. A hydrological analysis can provide an estimate of
the normal range of flows (e.g., a flow duration curve), as well as
an estimate of extreme high and low flows that might be ex-
pected at the site (see Chapter 7). In general, structures should
be low enough that their effects on the water surface profile will
be slight at bankfull discharge. Detailed guidance by structural
type is presented in the Techniques Appendix. For informal
design, empirical equations like those presented by Heiner
(1991) can be used to roughly estimate the depth of scour holes
at weirs and dikes.

Investigate Hydraulic Effects
Hydraulic conditions at the design flow should provide

the desired habitat; however, performance should also be eva-
luated at higher and lower flows. Barriers to movement, such as
extremely shallow reaches or vertical drops not submerged at
higher flows, should be avoided. If the conveyance of the chan-
nel is an issue, the effect of the proposed structures on stages at
high flow should be investigated. Structures may be included in
a standard backwater calculation model as contractions, low
weirs, or increased flow resistance (Manning) coefficients, but
the amount of increase is a matter of judgment or limited by
National Flood Insurance Program ordinances. Scour holes
should be included in the channel geometry downstream of
weirs and dike since a major portion of the head loss occurs in
the scour hole. Hydraulic analysis should include estimation or
computation of velocities or shear stresses to be experienced by
the structure.

Consider Effects on Sediment Transport
If the hydraulic analysis indicates a shift in the stage-

discharge relationship, the sediment rating curve of the resto-
red reach may change also, leading to deposition or erosion.
Although modeling analyses are usually not cost-effective for a
habitat structure design effort, informal analyses based on
assumed relationships between velocity and sediment dischar-
ge at the bankfull discharge may be helpful in detecting poten-
tial problems. An effort should be made to predict the locations
and magnitude of local scour and deposition. Areas projected to
experience significant scour and deposition should be prime
sites for visual monitoring after construction.

streambed

Figure 8.50: Instream habitat structure. Wing deflector habitat
structure.
Source: USDA-NRCS 1996a.
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Channel
Type

Low St.
Check Dam

Medium St.
Check Dam

Boulder
Placement

Bank Boulder
Placement

Single Wing
Deflector

Double Wing
Deflector

Channel
Constrictor

Bank
Cover

A1 N/A N/A N/A N/A N/A N/A N/A N/A

A2 N/A N/A N/A N/A N/A N/A N/A N/A

B1-1 Poor Poor Good Excellent Poor Poor Poor Good

B1 Excellent Excellent N/A N/A Excellent Excellent N/A Excellent

B2 Excellent Good Excellent Excellent Excellent Excellent Excellent Excellent
B3 Fair Poor Poor Good Poor Poor Poor Poor

B4 Fair Poor Poor Good Poor Poor Poor Poor

B5 Fair Poor Poor Good Poor Poor Poor Poor

C1-1 Poor Poor Fair Excellent Poor Poor Poor Good

C1 Good Fair Fair Excellent Good Good Fair Good

C2 Excellent Good Good Excellent Good Excellent Excellent Good

C3 Fair Poor Poor Good Fair Fair Fair Good

C4 Fair Poor Poor Good Poor Poor Poor Fair

C5 Fair Poor Poor Good Poor Poor Poor Poor

C6 N/A N/A N/A N/A N/A N/A N/A N/A

D1 Fair Poor Poor Fair Fair Fair Fair Poor

D2 Fair Poor Poor Fair Fair Fair Fair Poor

Submerged Shelter Gravel TrapsChannel
Type

Half Log
Cover

Floating
Log Cover Meander Straight

Migration
Barrier “V” Shaped Log

Gravel
Placement

A1 N/A N/A N/A N/A Excellent Good Poor Poor

A2 N/A N/A N/A N/A Excellent Excellent Excellent Poor

B1-1 Good Good Good Excellent Fair Good Good Fair

B1 Good Excellent Excellent Excellent Excellent Excellent Excellent Fair

B2 Excellent Excellent Good Excellent Good Good Good Good

B3 Poor Fair Fair Fair Poor Poor Poor Poor

B4 Poor Fair Fair Fair Poor Poor Poor Poor

B5 Poor Fair Fair Fair Poor Poor Poor Poor

C1-1 Good Good Good Excellent Poor Fair Fair Fair

C1 Good Good Good Excellent Poor Fair Good Fair

C2 Good Excellent Excellent Excellent Poor Good Excellent Excellent

C3 Fair Good Fair Good Poor N/A N/A N/A
C4 Poor Good Fair Good Poor Poor Poor Poor

C5 Poor Good Fair Good Poor Poor Poor Poor

C6 N/A N/A N/A N/A Poor Poor Fair Fair

D1 Poor Poor Poor Poor Poor Poor N/A Poor

D2 Poor Poor Poor Poor Poor N/A Poor Poor

Table 8.7: Fish habitat improvement structures—suitability for stream types. Source: Rosgen 1996.

Key:
Excellent - No limitation to location of structure placement or special modification in design.
Good - Under most conditions, very effective. Minor modification of design or placement required.
Fair - Serious limitation which can be overcome by placement location, design modification, or stabilization techniques.

  Generally not recommended due to difficulty of offsetting potential adverse consequences and high probability of reduced effectiveness.
Poor - Not recommended due to morphological character of stream type and very low probability of success.
Not Applicable - Generally not considered since habitat components are not limiting.
Note : A3, A3-a, A4, A4-a, A5, A5-a channel types are not evaluated due to limited fisheries value.

Select Materials
Materials used for aquatic habi-

tat structures include stone, fencing
wire, posts, and felled trees. Priority
should be given to materials that occur
on site under natural conditions. In
some cases, it may be possible to salva-

ge rock or logs generated from con-
struction of channels or other project
features.

Logs give long service if conti-
nuously submerged. Even logs not con-
tinuously wet can give several decades
of service if chosen from decay-resi-

stant species. Logs and timbers must
be firmly fastened together with bolts
or rebar and must be well anchored to
banks and bed. Stone size should be
selected based on design velocities or
shear stress.
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As discussed in Chapter 3, most
stream corridor degradation is directly
attributable to land use practices and/
or hydrologic modifications at the wa-
tershed level that cause fundamental
disruption of ecosystem functions (Be-
schta et al. 1994) (Figure 8.51). Ironi-
cally, land use practices, including
hydrologic modifications, can offer the
opportunity for restoring these same
degraded stream corridors. Where fea-
sible, the objective of the restoration
design should be to eliminate or mo-
derate disruptive influences sufficien-
tly to allow recovery of dynamic equili-
brium over time (NRC 1992).

If chronic land use impacts on
the stream or riparian system cannot
be controlled or moderated, or if some
elements of the stream network (e.g.,
headwaters) are not included in the
restoration design, it must be recogni-
zed that the restoration action may have
limited effectiveness in the long-term.

Restoration measures can be de-
signed to address particular, site-spe-
cific deficiencies (an eroding bank, ha-
bitat features), but if they do not resto-
re self-maintaining processes and the
functions of a stream corridor, they
must be regarded as a focused “fix”
rather than an ecosystem restoration.
In cases where land use practices are
the direct cause of stream corridor de-
gradation and there is a continuing
downward trend in landscape condi-
tion, there is little point in expending
resources to address symptoms of the
problem rather than the problem it-
self (DeBano and Schmidt 1989).

Design Approaches
for Common Effects

Agriculture, forestry, grazing,
mining, recreation, and urbanization
are some of the principal land uses
that can result in disturbance of stre-
am corridor structure and functions. A
watershed analysis will help prioritize
and coordinate restoration actions
(Platts and Rinne 1985, Swanson 1989)
and may indicate critical or chronic
land use activities causing disturban-

ce both inside and outside the stream
corridor. Addressing these in the re-
storation plan and design, may greatly
improve the effectiveness and success
of restoration work.

Restoration measures designed
in response to these effects may be
similar across land uses. Sediment and
nutrient management in urban, agri-
cultural, and forest settings, for instan-
ce, may require the use of buffer stri-
ps. Although the buffer strips have
many common design characteristics,
each setting has site-specific factors.

Dams
Dams alter the flow of water, se-

diment, organic matter, and nutrients,
resulting in both direct physical and
indirect biological effects in tailwaters
and downstream riparian and flood-
plain areas (see Chapter 3). Stream
corridors below dams can be partially
restored by modifying operation and
management approaches. Impacts from
the operation of dams on surface water
quality and aquatic and riparian habi-
tat should be assessed and the poten-
tial for improvement evaluated. The
modification of operation approaches,
where possible, in combination with
the application of properly designed
and applied best management practi-
ces, can reduce the impacts caused by
dams on downstream riparian and flo-
odplain habitats.

Best management practices can
be applied individually or in combina-
tion to protect and improve surface
water quality and aquatic habitat in
reservoirs as well as downstream. Se-
veral approaches have been designed
for improving or maintaining accepta-

ble levels of dissolved oxygen (DO),
temperature, and other constituents in
reservoirs and tailwaters. One design
approach uses pumps, air diffusers, or
air lifts to induce circulation and
mixing of the oxygen-poor but cold
hypolimnion with the oxygen-rich but
warm epilimnion, resulting in a more
thermally uniform reservoir with in-
creased DO. Another design approach
for improving water quality in tailwa-
ters for trout fisheries involves mixing
of air or oxygen with water passing
through the turbines at hydropower
dams to improve concentrations of DO.
Reservoir waters can also be aerated
by venting turbines to the atmosphere
or by injecting compressed air into the
turbine chamber (USEPA 1993).

Modification to the intakes, the
spillway, or the tailrace of a dam can
also be designed to improve tempera-
ture or DO levels in tailwaters. Instal-
ling various types of weirs downstream
of a dam achieves similar results. The-
se design practices rely on agitation
and turbulence to mix reservoir relea-
ses with atmospheric air to increase
levels of DO (USEPA 1993).

Adequate fish passage around
dams, diversions, and other obstruc-
tions may be a critically important com-
ponent of restoring healthy fish popu-
lations to previously degraded rivers
and streams. A fact sheet in Appendix
A shows an example for fish passages.
However, designing, installing, and
operating fish passage facilities at
dams are beyond the scope of this han-
dbook. Further, the type of fish passa-
ge facility and the flows necessary for
operation are generally site specific.
Further information on fish passage

8.H Land Use Scenarios

Figure 8.51: Sediment-laden stream.
Most stream corridor degradation can
be attributed to impacts resulting from
surrounding land uses.
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technology can be found in other refe-
rences, including Environmental Miti-
gation at Hydroelectric Projects - Volu-
me II. Benefits and Costs of Fish Passa-
ge and Protection (Francfort et al.,
1994); and Fish Passage Technologies:
Protection at Hydropower Facilities
(Office of Technology Assessment, Con-
gress of the United States, Washington
DC, OTA-ENV-641).

Adjusting operation procedures
at some dams can also result in impro-
ved quality of reservoir releases and
downstream conditions. Partial resto-
ration of stream corridors below dams
can be achieved by designing opera-
tion procedures that mimic the natu-
ral hydrograph, or desirable aspects of
the hydrograph. Modifications include
scheduling releases or the duration of
shutoff periods, instituting procedu-
res for the maintenance of minimum
flows, and making seasonal adjustments
in pool levels and in the timing and
variation of the rates of drawdowns
(USEPA 1993).

Modifying operation and mana-
gement approaches, in combination
with the application of properly desi-
gned best management practices, can
be an effective approach to partially
restoring stream corridors below dams.
However, dam removal is the only way
to begin to fully restore a stream to its
natural condition. It is important to
note, however, that unless accom-
plished very carefully, with sufficient
studies and modeling and at signifi-
cant cost, removing a dam can cause
more damage downstream (and upstre-
am) than the dam is currently causing
until a state of dynamic equilibrium is
reached. Dam removal lowers the base
level of upstream tributaries, which
can cause rejuvenation, bed and bank
instability, and increased sediment
loads. Dam removal can also result in
the loss of wetlands and habitat in the
reservoir and tributary deltas.

Three options should be consi-
dered— complete removal, partial re-
moval, and staged breaching. The op-
tion is selected based on the condition
of the dam and future maintenance
required if not completely removed,
and on the best way to deal with the
sediment now stored behind the dam.
The following elements must be consi-

dered in managing sediment:
• Removing features of dams neces-

sary to restore fish passage and en-
sure safety.

• Revegetation of the reservoir are-
as.

• Long-term monitoring of sediment
transport and river channel topog-
raphy, water quality, and aquatic
ecology.

• Long-term protection of municipal
and industrial water supplies.

• Mitigation of flood impacts caused
by long-term river aggradation.

• Quality of sediment, including iden-
tification of the lateral and vertical
occurrence of toxic or otherwise
poor-quality sediment.

Water quality issues are prima-
rily related to suspended sediment con-
centration and turbidity. These are
important to municipal, industrial,
and private water users, as well as to
aquatic communities. Water quality
will primarily be affected by any silt
and clay released from the reservoirs
and by reestablishment of the natural
sediment loads downstream. During
removal of the dam and draining of
the lake, the unvegetated reservoir
bottoms will be exposed. Lakebeds will
be expected to have large woody de-
bris and other organic material. A re-
vegetation program is necessary to con-
trol dust, surface runoff, and erosion
and to restore habitat and aesthetic
values. A comprehensive sediment
management plan is needed to address
the following:
• Sediment volume and physical

properties.
• Sediment quality and associated

disposal requirements.
• Hydraulic and biological character-

istics of the reservoir and down-
stream channel.

• Alternative measures for sediment
management.

• Impacts on downstream environ-
ment and channel hydraulics.

• Recommended measures to man-
age sediment properly and econom-
ically.

Objectives of sediment manage-
ment should include flood control, wa-
ter quality, wetlands, fisheries, habi-
tat, and riparian rights.

For hydropower dams, the sim-

plest decommissioning program is to
dismantle the turbine-generator and
seal the water passages, leaving the
dam and water-retaining structures in
place. No action is taken concerning
the sediments since they will remain
in the reservoir and the hydraulic and
physical characteristics of the river and
reservoir will remain essentially un-
changed. This approach is viable only
if there are no deficiencies in the wa-
ter-retaining structures (such as inade-
quate spillway capacity or inadequate
factors of safety for stability) and long-
term maintenance is ensured. In some
cases, decommissioning can include
partial removal of water-retaining
structures. Partial removal involves
demolition of a portion of the dam to
create a breach so that it no longer
functions as a water-retaining structu-
re.

For additional information, see
Guidelines for the Retirement of
Hydroelectric Facilities published by
the American Society of Civil Engine-
ers (ASCE) in 1997.

Channelization and Diversions
Channelization and flow diver-

sions represent forms of hydrologic
modification commonly associated with
most principal land uses, and their
effects should be considered in all re-
storation efforts (see Chapter 3). In some
cases, restoration design can include
the removal or redesign of channel
modifications to restore preexisting
ecological and flow characteristics.

Modifications of existing
projects, including operation and main-
tenance or management, can improve
some negative effects without changing
the existing benefits or creating addi-
tional problems. Levees may be set
back from the stream channel to better
define the stream corridor and reesta-
blish some or all of the natural flood-
plain functions. Setback levees can be
constructed to allow for overbank floo-
ding, which provides surface water con-
tact with stream-side areas such as flo-
odplains and wetlands.

Instream modifications such as
uniform cross sections or armoring as-
sociated with channelization or flow
diversions may be removed, and desi-
gn and placement of meanders can be
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Introduction
The Bear Creek Watershed in central Iowa is a small (26.8
mi2) drainage basin located within the Des Moines Lobe
subregion of the Western Corn Belt Plains ecoregion, one
of the youngest and flattest ecological subregions in Iowa.
In general, the land is level to gently rolling with a poorly
developed stream network. Soils of the region are prima-
rily developed in glacial till and alluvial, lacustrine, and
windblown deposits. Prior to European settlement of the
region (ca 1847) the watershed consisted of the vast
tallgrass prairie ecosystem, interspersed with wet prairie
marshes in topographic lows and gallery forests along
larger order streams and rivers. Native forest was limited
to the Skunk River corridor into which Bear Creek flows.
Subsequent conversion of the land, including the riparian
zone, from native vegetation to row crops, extensive sub-
surface drainage tile installation, dredge ditching, and
grazing of fenced riparian zones have resulted in sub-
stantial stream channel modification. Records suggest that
artificial drainage of marshes and low prairies in the upper
reaches of the Bear Creek watershed was completed about
1902, with ditch dredging completed shortly thereafter.
While the main stream pattern appears to have remained
about the same since that time, significant channelization
continued into the 1970s. Additional intermittent channels
have developed in association with new drainage tile and
grass waterway installation. Present land use in the Bear
Creek watershed is typical of the region, with over 87% of
the land area devoted to row crop agriculture.
Landscape modifications and present land-use practices
have produced nonpoint source pollution in the watershed,
which landowners have addressed by implementing soil
conservation practices (e.g. reduced tillage, terracing,
grass waterways) and better chemical input management
(e.g. more accurate and better timed applications). It has
only been recently that placement or enhancement of
riparian vegetation or “streamside filter strips” has been
recommended to reduce sediment and chemical load-
ing, modify flow regime by reducing discharge extremes,
improve structural habitat, and restore energy relation-
ships through the addition of organic matter and reduction
in temperature and dissolved oxygen extremes.
The Riparian Management System (RiMS)
The Agroecology Issue Team of the Leopold Center for
Sustainable Agriculture, Iowa State University, Ames, IA,
is conducting research on the design and establishment
of an integrated riparian management system (RiMS) to
demonstrate the benefits of properly functioning riparian
buffers in the heavily row-cropped landscape of the
midwestern U.S. The purpose of the RiMS is to restore the

The Multispecies Riparian Buffer System in the Bear
Creek, IA Watershed

essential ecological functions that riparian ecosystems
once provided. Specific objectives of such buffers are to
intercept eroding soil and agricultural chemicals from ad-
jacent crop fields, slow floodwaters, stabilize streambanks,
provide wildlife habitat, and improve the biological integ-
rity of aquatic ecosystems. The regionalization of this sys-
tem has been accomplished by designing it with several
components, each of which can be modified to fit local
landscape conditions and landowner objectives.
The Agroecology Issue Team is conducting detailed stud-
ies of important biological and physical processes at both
the field and watershed scale to provide the necessary
data to allow resource managers to make credible rec-
ommendations of buffer placement and design in a wide
variety of landscapes. In addition, socioeconomic data
collected from landowners in the watershed are being used
to identify landowner criteria for accepting RiMS. The team
also is quantifying the non-market value placed on the
improvement in surface and ground water quality.
The actual development and establishment of the RiMS
along Bear Creek was initiated in 1990 along a 0.6-mile
length of Bear Creek on the Ron and Sandy Risdal Farm.
The buffer strip system has subsequently been planted
along 3.5 miles of Bear Creek upstream from this original
site. The RiMS consists of three components: 1) a
multispecies riparian buffer (MRB), 2) soil bioengineering
technologies for streambank stabilization, and 3) con-
structed wetlands to intercept and process nonpoint source
pollutants in agricultural drainage tile water.

Multi-species Riparian Buffer (MRB)
The general MRB consists of three zones. The rapid growth
of this buffer community can change a heavily impacted
riparian zone into a functioning riparian ecosystem in a
few short years. The combinations of trees, shrubs, and
native grasses can be modified to fit site conditions (e.g.
soils, slope), major buffer biological and physical
function(s), owner objectives, and cost-share program re-
quirements.

Soil Bioengineering
It has been estimated that greater than 50% of the stream
sediment load in small watersheds in the Midwest is the
result of channel erosion. This problem has been wors-
ened by the increased erosive power of streams resulting
from stream channelization and loss of riparian vegeta-
tion. Several different soil bioengineering techniques have
been employed in the Bear Creek watershed. These in-
clude the use of willow posts and stakes driven into the
bank, live willow fascines, live willow brush mattresses,
and biodegradable geotextile anchored with willow stakes
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on bare slopes. Alternatives used to stabilize the base of
the streambank include rock and anchored dead plant
material such as cedar or bundled maple.

Constructed Wetlands
Small, constructed wetlands which are integrated into the
riparian buffer have considerable potential to remove ni-
trate and other chemicals from the extensive network of
drain tile in the Midwest. To demonstrate this technology, a
small (600yd2) wetland was constructed to process drain-
age tile water from a 12-acre cropped field. The wetland
was constructed by excavating a depressional area near
the creek and constructing a low berm. The subsurface
drainage tile was rerouted to enter the wetland at a point
that maximizes residence time of drainage tile water within
the wetland. A simple gated water level control structure at
the wetland outlet provides control of the water level main-
tained within the wetland. Cattail rhizomes (Typha glauca
Godr.) collected from a local marsh and road ditch were
planted within the wetland and native grasses and forbs
planted on the constructed berm. Future plans include the
construction of additional tile drainage wetlands within the
Bear Creek watershed.

System Effectiveness
Long-term monitoring has demonstrated the significant
capability of the RiMS to intercept eroding soil from adja-
cent cropland, intercept and process agricultural chemi-
cals moving in shallow subsurface water, stabilize stream
channel movement, and improve instream environments,
while also providing wildlife habitat and quality timber prod-
ucts. The buffer traps 70-80% of the sediment carried in
surface runoff and has reduced nitrate and atrazine mov-
ing in the soil solution to levels well below the maximum
contaminant levels specified by the USEPA. Streambank

bioengineering systems have virtually stopped bank ero-
sion along treated reaches and are now trapping channel
sediment. The constructed wetland has reduced nitrate in
the tile drainage water by as much as 80% depending on
the season of the year. Wildlife benefits have also ap-
peared in a very short time, with a nearly fivefold increase
in bird species diversity observed within the buffer strip
versus an adjacent, unprotected stream reach.
While the RiMS function is being assessed through ex-
perimental plot work with intensive process monitoring,
economic benefits and costs to landowners and society
also are being determined. Landowners surveys, focus
groups, and one-on-one interviews have identified the
concern that water quality should be improved by reduc-
ing chemical and sediment inputs by as much as 50%.
Landowners are willing to pay for this improved water qual-
ity as well as volunteer their time to help initiate the im-
provements.
While the RiMS can effectively intercept and treat nonpoint
source pollution from the uplands, it should be stressed
that a riparian management system cannot replace up-
land conservation practices. In a properly functioning ag-
ricultural landscape, both upland conservation practices
and an integrated riparian system contribute to achieving
environmental goals and improved ecosystem function-
ing.
Support for this work is from the Leopold Center for Sus-
tainable Agriculture, the Iowa Department of Natural Re-
sources through a grant from the USEPA under the Fed-
eral Nonpoint Source Management Program (Section 319
of the Clean Water Act), and the USDA (Cooperative State
Research Education and Extension Service), National Re-
search Initiative Competitive Grants Program, and the
Agriculture in Concert with the Environment Program.

used to reestablish more natural chan-
nel characteristics. In many cases, howe-
ver, existing land uses might limit or
prevent the removal of existing chan-
nel or floodplain modifications. In such
cases, restoration design must consi-
der the effects of existing channel mo-
difications or flow diversions, in the
corridor and the watershed.

Exotic Species
Exotic species are another com-

mon problem of stream corridor resto-
ration and management. Some land
uses have actually introduced exotics
that have become uncontrolled, while
others have merely created an oppor-
tunity for such exotics to spread. Again,
control of exotic species has some com-
mon aspects across land uses, but desi-
gn approaches are different for each

land use.
Control of exotics in some situa-

tions can be extremely difficult and
may be impractical if large acreages or
well-established populations are invol-
ved. Use of herbicides may be tightly
regulated or precluded in many
wetland and streamside environmen-
ts, and for some exotic species there
are no effective control measures that
can be easily implemented over large
areas (Rieger and Kreager 1990). Whe-
re aggressive exotics are present, eve-
ry effort should be made to avoid un-
necessary soil disturbance or disrup-
tion of intact native vegetation, and
newly established populations of exo-
tics should be eradicated.

Nonnative species such as salt
cedar (Tamarix spp.) and Russian olive
(Elaeagnus angustifolia) can outcompete

native plantings and negatively affect
their establishment and growth. The
likelihood of successful reestablish-
ment often increases when artificial
flows created by impoundments are
altered to favor native species and
when exotics such as salt cedar are
removed before revegetation is attemp-
ted (Briggs et al. 1994).

Salt cedar is an aggressive, exo-
tic colonizer in the West due to its long
period and high rate of seed produc-
tion, as well as its ability to withstand
long periods of inundation. Salt cedar
can be controlled either by clearing
with a bulldozer or by direct applica-
tion of herbicide (Sudbrock 1993);
however, improper treatments may ac-
tually increase the density of salt cedar
(Neill 1990).

Controlling exotics and weeds
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can be important because of potential
competition with established native
vegetation, colonized vegetation, and
artificially planted vegetation in resto-
ration work. Exotics compete for moi-
sture, nutrients, sunlight, and space
and can adversely influence establish-
ment rates of new plantings. To impro-
ve the effectiveness of revegetation
work, exotic vegetation should be clea-
red prior to planting; nonnative growth
must also be controlled after planting.
General techniques for control of exo-
tics and weeds are mechanical (e.g.,
scalping or tilling), chemical (herbici-
des), and fire. For a review of treat-
ment methods and equipment, see U.S.
Forest Service (1965) and Yoakum et
al. (1980).

Agriculture

America’s Private Land—A Geo-
graphy of Hope (USDA-NRCS 1996b)
challenges all of us to “regain our sen-
se of place and renew our commitment
to private landowners and the public.”
It suggests that as we learn more about
the complexity of our environment, har-
mony with ecological processes that
extend across all landscapes becomes
more of an imperative than an ideal.
Furthermore, conservation provisions
of the 1996 Farm Bill and accom-
panying endeavors such as the Natio-
nal Conservation Buffer Initiative
(USDA-NRCS 1997) offer flexibility to
care for the land as never before. The
following land use scenario attempts
to express this flexibility in the con-
text of comprehensive, locally led con-
servation work, including stream cor-
ridor restoration.

This scenario offers a brief glim-
pse into a hypothetical agricultural set-
ting where the potential results of stre-
am corridor restoration might begin to
take form. Computer-generated simu-
lations are used to graphically illustra-
te potential changes brought about by
restoration work and associated com-
prehensive, on-farm conservation plan-
ning. It focuses, conceptually, on vege-
tative clearing, instream modifications,
soil exposure and compaction, irriga-
tion and drainage, and sediment or
contaminants as the most disruptive

activities associated with agricultural
land use. Although an agricultural lan-
dscape typical of the Midwest was se-
lected for illustrative purposes, the con-
cepts shown can apply in different agri-
cultural settings.

Hypothetical Existing Conditions
Reminiscent of the highly disrup-

tive agricultural activities discussed
in Chapter 3, Figure 8.52 illustrates
hypothetical conditions that focus pri-

marily on production agriculture. Al-
though functionally isolated contour
terraces and a waterway have been in-
stalled in the nearby cropland, the sce-
ne depicts an ecologically deprived lan-
dscape. Many of the potential distur-
bance activities and subsequent chan-
ges outlined in Chapter 3 come to
mind.

Those hypothetically reflected in
the figure are highlighted in Table
8.8.

Landscape/
Watershed

Fragmentation
Homogenization
Contaminants
Exotic Invasion

Farmstead
Contaminants
Soil compaction
Hard Surfacing
Exotic Species

Grassed Waterway

Contour Terraces

Stream Corridor
Vegetative Clearing
Channelization
Soil Compaction
Soil Exposure
Drainage
Controlled Outlets
Exotic Species
Woody Debris Removal

Uplands
Vegetative Clearing
Soil Compaction
Soil Exposure
Drainage
Controlled Outlets
Exotic Species
Contaminants

Figure 8.52: Hypothetical conditions. Activities causing change in this agricultural setting.
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Hypothetical Restoration Response
Previous sections of this chapter

and earlier chapters identified connec-
tivity and dimension (width) as impor-
tant structural attributes of stream cor-
ridors. Nutrient and water flow, sedi-
ment trapping during floods, water sto-
rage, movement of flora and fauna, spe-
cies diversity, interior habitat condi-
tions, and provision of organic mate-
rials to aquatic communities were de-
scribed as just a few of the functional
conditions affected by these structural
attributes. Continuous indigenous ve-
getative cover across the widest possi-
ble stream corridor was generally iden-
tified as the most conducive to serving
the broadest range of functions. This
discussion went on to suggest that a
long, wide stream corridor with conti-
guous vegetative cover is a favored ove-
rall characteristic. A contiguous, wide
stream corridor may be unachievable,
however, where competing land uses
prevail. Furthermore, gaps caused by
disturbances (utility crossings, hi-
ghways and access lanes, floods, wind,
fire, etc.) are commonplace.

Restoration design should esta-
blish functional connections within
and external to stream corridors. Lan-
dscape elements such as remnant pa-
tches of riparian vegetation, prairie,
or forest exhibiting diverse or unique
vegetative communities; productive
land that can support ecological func-
tions; reserve or abandoned land; as-
sociated wetlands or meadows; nei-
ghboring springs and stream systems;
ecologically innovative residential are-
as; and movement corridors for flora
and fauna (field borders, windbreaks,
waterways, grassed terraces, etc.) offer
opportunities to establish these con-
nections. An edge (transition zone) that
gradually changes from one land use
into another will soften environmen-
tal gradients and minimize disturban-
ce.

With these and the broad design
guidelines presented in previous sec-
tions of this chapter in mind, Figure
8.53 presents a conceptual computer-
generated illustration of hypothetical
restoration results. Table 8.9 identi-
fies some of the restoration measures
hypothetically implemented and their
potential effects on restoring conditions

within the stream corridor and sur-
rounding landscape.

Forestry

Stream corridors are a source of
large volumes of timber. Timber har-
vesting and related forest management
practices in riparian corridors often
necessitate stream corridor restoration.

Forest management may be an on-going
land use and part of the restoration
effort. Regardless, accessing and har-
vesting timber affects streams in many
ways including:
• Alteration of soil conditions.
• Removal of the forest canopy.
• Reduction in the potential supply

of large organic (woody) debris (Belt
et al. 1992).

Introduced Vegetation
and Wetlands

Habitat (interior/edge)
Movement
Connectivity
Width (corridor)

Upland Corridor
Fencerow
Field Border

Farmstead Management
Vegetative Buffer (filter)
Wetland Buffer (filter)

Restored Wetland
Filter Runoff
Sink
Habitat

Channel Restoration
Re-instate Meander
Width/Depth
Aquatic Habitat
Remineant Channel ConnectionsNutrient Management

Windbreak/Shelterbelt
Upland Corridor
Habitat
Filter

Wetland Filter
Filter Runoff
Sediment Sink
Habitat

Restored Wetland and
Riparian Habitat

Filter Runoff
Sink
Habitat

Native Plant Recovery
Filter
Connectivity

Native Plant Cover
Habitat

Upland BMP’s for Agriculture
Conservation Cover Residue Management
Contour Farming Strip Cropping
Field Borders Tree/Shrub Planting
Forestland Erosion Control Water Spreading
Hedgerow Planting Wildlife Upland Habitat Management
Nutrient Management Windbreak/Shelterbelt Establishment and Renovation
Pest Management

Figure 8.53: Hypothetical restoration response. Possible results of stream corridor restora-
tion are presented in this computer-altered photograph.
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Activity has potential for direct impact Activity has potential for indirect impact

Table 8.8: Summary of  prominent agriculturally related
disturbance activities and potential effects.
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Decreased landscape diversity
Point source pollution
Nonpoint source pollution
Dense compacted soil
Increased upland surface runoff
Increased sheetflow with surface erosion rill and gully flow
Increased levels of fine sediment and contaminants in stream corridor
Increased soil salinity
Increased peak flood elevation
Increased flood energy
Decreased infiltration of surface runoff
Decreased interflow and subsurface flow to and within the stream corridor
Reduced ground water recharge and aquifer volumes
Increased depth to ground water
Decreased ground water inflow to stream
Increased flow velocities
Reduced stream meander
Increased or decreased stream stability
Increased stream migration
Channel widening and downcutting
Increased stream gradient and reduced energy dissipation
Increased flow frequency
Reduced flow duration
Decreased capacity of floodplain and upland
Increased sediment and contaminants
Decreased capacity of stream
Reduced stream capacity to assimilate nutrients/pesticides
Confined stream channel with little opportunity for habitat development
Increased streambank erosion and channel scour
Increased bank failure
Loss of instream organic matter and related decomposition
Increased instream sediment, salinity, or turbidity
Increased instream nutrient enrichment, sedimentation, and contaminants leading to eutrophication
Highly fragmented stream corridor with reduced linear distribution of habitat and edge effect
Loss of edge and interior habitat
Decreased connectivity and dimension (width) within corridor and to associated ecosystems
Decreased movement of flora and fauna species for seasonal migration, dispersal repopulation
Reduced stream capacity to assimilate nutrients/pesticides
Increase of opportunistic species, predators
Increased exposure to solar radiation, weather, and temperature
Magnified temperature and moisture extremes in corridor
Loss of riparian vegetation
Decreased source of instream shade, detritus, food, and cover
Loss of edge diversity
Increased water temperature
Impaired aquatic habitat
Reduced invertebrate population
Loss of wetland function
Reduced instream oxygen
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Measure contribute directly to resulting effect Measure contribute little to resulting effect

Table 8.9: Summary of prominent restora-
tion measures and potential resulting effects.
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Increased landscape diversity
Increased stream order
Reduced point source pollution
Reduced nonpoint source pollution
Increased soil friability
Decreased upland surface runoff
Decreased sheetflow, width, surface erosion, rill and gully flow
Decreased levels of fine sediment and contaminants in stream corridor
Decreased soil salinity
Decreased peak flood elevation
Decreased flood energy
Increased infiltration of surface runoff
Increased interflow and subsurface flow to and within stream corridor
Increased ground water recharge and aquifer volumes
Decreased depth to ground water
Increased ground water inflow to stream
Decreased flow velocities
Increased stream meander
Increased stream stability
Decreased stream migration
Reduced channel widening and downcutting
Decreased stream gradient and increased energy dissipation
Decreased flow frequency
Increased flow duration
Increased capacity of floodplain and upland
Decreased sediment and contaminants
Increased capacity of stream
Increased stream capacity to assimilate nutrients/pesticides
Enhanced stream channel with more opportunity for habitat development
Decreased streambank erosion and channel scour
Decreased bank failure
Gain of instream organic matter and related decomposition
Decreased instream sediment, salinity, or turbidity
Decreased instream nutrient enrichment, siltation, and contaminants leading to eutrophication
Connected stream corridor with increased linear distribution of habitat and edge effect
Gain of edge and interior habitat
Increased connectivity and dimension (width) within corridor and to associated ecosystems
Increased movement of flora and fauna species for seasonal migration, dispersal repopulation
Decrease of opportunistic species, predators
Decreased exposure to solar radiation, weather, and temperature
Decreased temperature and moisture extremes in corridor
Increased riparian vegetation
Increased source of in stream shade, detritus, food, and cover
Increase of edge diversity
Decreased water temperature
Enhanced aquatic habitat
Increased invertebrate population
Increased wetland function
Increased instream oxygen
Decrease of exotic species
Increased gene pool
Increased species diversity
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Forest Roads
The vast majority of the restora-

tion design necessary following timber
harvest is usually devoted to the road
system, where the greatest alteration
of soil conditions has taken place. Ina-
dequate drainage, poor location, im-
properly sized and maintained culver-
ts, and lack of erosion control measu-
res on road prisms, cut-and-fill slopes,
and ditches are problems common to a
poor road design (Stoner and McFall
1991). The most extreme road system
rehabilitation requires full road clo-
sure. Full road closure involves remo-
val of culverts and restoration of the
streams that were crossed. It can also
involve the ripping or tilling of road
surfaces to allow plant establishment.
If natural vegetation has not already
invaded areas of exposed soils, plan-
ting and seeding might be necessary.

Full closure might not be a via-
ble alternative if roads are needed to
provide access for other uses. In these
circumstances a design to restrict traf-
fic might be appropriate. Voluntary
traffic control usually cannot be relied
on, so traffic barriers like gates, fen-
ces, or earth berms could be necessary.
Even with traffic restriction, roads re-
quire regular inspection for existing
or potential maintenance needs. The
best time for inspection is during or
immediately after large storms or snow-
melt episodes so the effectiveness of
the culverts and road drainage featu-
res can be witnessed first-hand. Desi-
gn should address regular maintenan-
ce activities including road grading,
ditch cleaning, culvert cleaning, ero-
sion control vegetation establishment,
and vegetation management.

Buffer Strips in Forestry
Forested buffer strips are gene-

rally more effective in reducing sedi-
ment and chemical loadings in the stre-
am corridor than vegetated filter stri-
ps (VFS). However, they are suscepti-
ble to similar problems with concen-
trated flows. Buffers constructed as part
of a conservation system increase ef-
fectiveness. A stiff-stemmed grass hed-
ge could be planted upslope of either a
VFS or a woody riparian forest buffer.
The stiff-stemmed grass hedge keeps
sediment out of the buffer and increa-

ses shallow sheet flow through the buf-
fer.

Most state BMPs also have spe-
cial sections devoted to limitations for
forest management activities in ripa-
rian “buffer strips” (also referred to as
Streamside Management Zones or Stre-
amside Protection Zones).

Budd et al. (1987) developed a
procedure for determining buffer
widths for streams within a single wa-
tershed in the Pacific Northwest. They
focused their attention primarily on
maintenance of fish and wildlife habi-
tat quality (stream temperature, food
supply, stream structure, sediment con-
trol) and found that effective buffer
widths varied with the slope of adja-
cent uplands, the distribution of wetlan-
ds, soil and vegetation characteristics,
and land use. They concluded that prac-
tical determinations of stream buffer
width can be made using such analy-
ses, but it is clear that a generic buffer
width which would provide habitat
maintenance while satisfying human
demands does not exist. The determi-
nation of buffer widths involves a
broad perspective that integrates eco-
logical functions and land use. The
section on design approaches to com-
mon effects at the beginning of this
chapter also includes some discussion
on stream buffer width.

Stream corridors have varied di-
mensions, but stream buffer strips
have legal dimensions that vary by sta-
te (Table 8.10). The buffer may be only
part of the corridor or it may be all of
it. Unlike designing stream corridors
for recreation features or grazing use,
designing for timber harvest and rela-
ted forest management activities is
quite regimented by law and regula-
tion. Specific requirements vary from
state to state; the state Forester’s office

or local Extension Service can provide
guidance on regulatory issues. USDA
Natural Resource Conservation Servi-
ce offices and Soil and Water Conser-
vation District offices also are sources
of information. Refer to Belt et al.
(1992) and Welsch (1991) for guidance
on riparian buffer strip design, func-
tion, and management. Salo and Cun-
dy (1987) provide information on fore-
stry effects on fisheries.

Grazing

The closer an ecosystem is mana-
ged to allow for natural ecological pro-
cesses to function, the more successful
a restoration strategy will be. In stre-
am corridors that have been severely
degraded by grazing, rehabilitation
should begin with grazing management
to allow for vegetative recovery.

Vegetative recovery is often more
effective than installing a structure.
The vegetation maintains itself in per-
petuity, allows streams to function in
ways that artificial structures cannot
replicate, and provides resiliency that
allows riparian systems to withstand a
variety of environmental conditions
(Elmore and Beschta 1987)

Designs that promote vegetative
recovery after grazing are beneficial in
a number of ways. Woody species can
provide resistance to channel erosion
and improve channel stability so that
other species can become established.
As vegetation becomes established,
channel elevation will increase as se-
diment is deposited within and along
the banks of the channel (aggradation),
and water tables will rise and may rea-
ch the root zone of plants on former
terraces or floodplains. This aggrada-
tion of the channel and the rising wa-

BMP Implementation and Section 9 of the Clean Water Act
Section 319 of the Clean Water Act of 1987 required the states to identify and
submit BMPs for USEPA approval to help control nonpoint sources of pollu-
tion. As of 1993, 41 of 50 states had EPA-approved voluntary or regulatory
BMP programs dealing with silvicultural (forest management) activities. The
state BMPs are all similar; the majority deal with roads. Montana, for exam-
ple, has a total of 55 specifically addressed forest practices. Of those 55
practices, 35 deal with road planning and location, road design, road main-
tenance, road drainage, road construction, and stream crossings.
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State Stream Class Buffer Strip Requirements
Width Shade or Canopy Leave Trees

Class I* Fixed minimum (75 feet) 75% current shadea Yes, number per 1000 feet, dependent
on stream widthb

Idaho

Class II** Fixed minimum (5 feet) None None
Type 1, 2,
and 3*

Variable by stream width
(5 to 100 feet)

50%, 75% if
temperature > 60ºF

Yes, number per 1000 feet, dependent
on stream width and bed material

Washington

Type 4** None None 25 per 1000 feet, 6 inches diameter
Class I and
Class II*

Variable by slope and
stream class (50 to 200
feet)

50% overstory and/or
understory; dependent on
slope and stream class

Yes; number to be determined by
canopy density

California

Class III** Noneb 50% understorye Nonee

Class I** Variable, 3 times stream
width (25 to 100 feet)

50% existing canopy, 75%
existing shade

Yes; number per 1000 feet and basal
area per 1000 feet by stream width

Oregon

Class II special
protection**

Nonef 75% existing shade None

* Human water supply or fisheries use.
** Streams capable of sediment transport (CA) or other influences (ID and WA) or significant impact (OR) on downstream waters.
a In ID, the shade requirement is designed to maintain stream temperatures.
b In ID, the leave tree requirement is designed to provide for recruitment of large woody debris.
c May range as high as 300 feet for some types of timber harvest.
d To be determined by field inspection.
e Residual vegetation must be sufficient to prevent degradation of downstream beneficial uses.
f In eastern OR, operators are required to “leave stabilization strips of undergrowth... sufficient to prevent washing of sediment into Class I streams below.”

Table 8.10: Buffer strip requirements by state.

Warm winds, intense rainfall, and rapid snowmelt during
the winter of 1995-96 and again in the winter of 1996-97
caused major flooding, landslides, and related damage
throughout the Pacific Northwest (Figure 8.54). Such flood-
ing had not been seen for more than 30 years in hard-hit
areas. Damage to roads, campgrounds, trails, watersheds,
and aquatic resources was widespread on National For-
est Service lands. These events offered a unique opportu-
nity to investigate the effects of severe weather, examine
the influence and effectiveness of various forest manage-
ment techniques, and implement a repair strategy con-
sistent with ecosystem management principles.
The road network in the National Forests was heavily dam-
aged during the floods. Decisions about the need to re-
place roads are based on long-term access and travel
requirements. Relocation of roads to areas outside
floodplains is a measure being taken. Examination of road
crossings at streams concluded with design recommen-
dations to keep the water moving, align culverts horizon-
tally and longitudinally with the stream channel, and mini-
mize changes in stream channel cross section at inlet
basins to prevent debris plugs.
Many river systems were also damaged. In some sys-
tems, however, stable, well-vegetated slopes and
streambanks combined with fully functioning floodplains
buffered the effects of the floods. Restoration efforts will
focus on aiding natural processes in these systems.

Pacific Northwest Floods of 1996
Floods, Landslides, and Forest Management— ‘The Rest of The Story’

Figure 8.54: 1996
Landslides.
(a) April landslide: de-
bris took out the track
into the Greenwater
River and (b) July land-
slide: debris took out
the road and deposit-
ed debris into the river.

(a)

(b)

Streambank stabilization and riparian plantings will be
commonly used. Examination of instream structure dura-
bility concluded that structures are more likely to remain
in place if they are in fourth-order or smaller streams and
are situated in a manner that maintains a connection be-
tween the structure and the streambank. They will be most
durable in watersheds with low landslide/debris torrent
frequency.
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ter table allow more water to be stored
during wet seasons, thereby prolonging
flow even during periods of drought
(Elmore and Beschta 1987).

Kauffman et al. (1993) observed
that fencing livestock out of the ripa-
rian zone is the only grazing strategy
that consistently results in the greatest
rate of vegetative recovery and the gre-
atest improvement in riparian func-
tion. However, fencing is very expensi-
ve, requires considerable maintenan-
ce, and can limit wildlife access—a ne-
gative impact on habitat or conduit
functions.

Some specialized grazing strate-
gies hold promise for rehabilitating
less severely impacted riparian and

wetland areas without excluding live-
stock for long periods of time. The effi-
ciency of a number of grazing strate-
gies with respect to fishery needs are
summarized in Tables 8.11 and 8.12
(from Platts 1989). They summarize
the influence of grazing systems and
stream system characteristics on vege-
tation response, primarily from a we-
stern semiarid perspective. Some ge-
neral design recommendations for se-
lecting a strategy include the following
(Elmore and Kauffmann 1994):
• Each strategy must be tailored to a

particular stream or stream reach.
Management objectives and com-
ponents of the ecosystem that are
of critical value must be identified

(i.e., woody species recovery, stre-
ambank restoration, increased hab-
itat diversity, etc.). Other informa-
tion that should be identified in-
cludes present vegetation, poten-
tial of the site for recovery, the de-
sired future condition, and the cur-
rent factors causing habitat degra-
dation or limiting its recovery.

• The relationships between ecolog-
ical processes that must function
for riparian recovery should be de-
scribed. Factors affecting present
condition (i.e., management stress
vs. natural stress) and conditions
required for the stream to resume
natural functions need to be as-
sessed. Anthropogenic factors caus-

Strategya Level to Which
Riparian
Vegetation is
Commonly Used

Control of
Animal
Distribution
(Allotment)

Streambank
Stability

Brushy
Species
Condition

Seasonal
Plant
Regrowth

Stream
Riparian
Rehabilitation
Potential

Fishery
Needs
Ratingb

Continuous season-long
(cattle)

Heavy Poor Poor Poor Poor Poor 1

Holding (sheep or cattle) Heavy Excellent Poor Poor Fair Poor 1
Short duration-high
intensity (cattle)

Heavy Excellent Poor Poor Poor Poor 1

Three herd-four pasture
(cattle)

Heavy to
moderate

Good Poor Poor Poor Poor 2

Holistic (cattle or sheep) Heavy to light Good Poor to good Poor Good Poor to
excellent

2-9

Deferred (cattle) Moderate to heavy Fair Poor Poor Fair Fair 3
Seasonal suitability
(cattle)

Heavy Good Poor Poor Fair Fair 3

Deferred-rotation (cattle) Heavy to
moderate

Good Fair Fair Fair Fair 4

Stuttered deferred-
rotation (cattle)

Heavy to
moderate

Good Fair Fair Fair Fair 4

Winter (sheep or cattle) Moderate to heavy Fair Good Fair Fair to good Good 5
Rest-rotation (cattle) Heavy to

moderate
Good Fair to good Fair Fair to good Fair 5

Double rest-rotation
(cattle)

Moderate Good Good Fair good Good 6

Seasonal riparian
preference (cattle or
sheep)

Moderate to light Good Good Good Fair Fair 6

Riparian pasture (cattle
or sheep)

As prescribed Good Good Good Good Good 8

Corridor fencing (cattle
or sheep)

None Excellent Good to
excellent

Good to
excellent

Good Excellent 9

Rest-rotation with
seasonal preference
(sheep)

Light Good Good to
excellent

Good to
excellent

Good Excellent 9

Rest or closure (cattle or
sheep)

None Excellent Excellent Excellent Excellent Excellent 10

Table 8.11: Evaluation and rating of grazing strategies.

a Jacoby (1989) and Platts (1989) define these management strategies
b Rating scale based on 1 (poorly compatible) to 10 (highly compatible with fishery needs)
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Grazing System Steep
Low Sediment
Load

Steep
High Sediment
Load

Moderate
Low Sediment
Load

Moderate
High Sediment
Load

Flat
Low Sediment
Load

Flat
High Sediment
Load

No grazing Shrubs +
Herbs +
Banks 0

Shrubs +
Herbs +
Banks 0 to +

Shrubs +
Herbs +
Banks 0

Shrubs +
Herbs +
Banks +

Shrubs +
Herbs +
Banks +

Shrubs +
Herbs +
Banks +

Winter or
dormant season

Shrubs +
Herbs +
Banks 0

Shrubs +
Herbs +
Banks 0 to +

Shrubs +
Herbs +
Banks +

Shrubs +
Herbs +
Banks +

Shrubs +
Herbs +
Banks +

Shrubs +
Herbs +
Banks +

Early growing
season

Shrubs +
Herbs +
Banks 0

Shrubs +
Herbs +
Banks 0 to +

Shrubs +
Herbs +
Banks +

Shrubs +
Herbs +
Banks +

Shrubs +
Herbs +
Banks +

Shrubs +
Herbs +
Banks +

Deferred or late
season

Shrubs –
Herbs +
Banks 0 to –

Shrubs –
Herbs +
Banks 0 to –

Shrubs –
Herbs +
Banks 0 to +

Shrubs –
Herbs +
Banks +

Shrubs –
Herbs +
Banks +

Shrubs –
Herbs +
Banks +

Three-pasture
rest rotation

Shrubs –
Herbs +
Banks 0 to –

Shrubs –
Herbs +
Banks 0 to –

Shrubs –
Herbs +
Banks 0 to +

Shrubs –
Herbs +
Banks +

Shrubs –
Herbs +
Banks +

Shrubs –
Herbs +
Banks +

Deferred
rotation

Shrubs –
Herbs +
Banks 0 to –

Shrubs –
Herbs +
Banks 0 to –

Shrubs –
Herbs +
Banks + to 0

Shrubs –
Herbs +
Banks +

Shrubs –
Herbs +
Banks +

Shrubs +
Herbs +
Banks +

Early rotation Shrubs +
Herbs +
Banks 0 to –

Shrubs +
Herbs +
Banks 0 to +

Shrubs +
Herbs +
Banks + to 0

Shrubs +
Herbs +
Banks +

Shrubs +
Herbs +
Banks +

Shrubs +
Herbs +
Banks +

Rotation Shrubs –
Herbs +
Banks 0 to –

Shrubs –
Herbs +
Banks 0 to –

Shrubs –
Herbs +
Banks 0 to +

Shrubs –
Herbs +
Banks +

Shrubs –
Herbs +
Banks +

Shrubs –
Herbs +
Banks +

Season-long Shrubs –
Herbs –
Banks 0 to –

Shrubs –
Herbs –
Banks 0 to –

Shrubs –
Herbs –
Banks –

Shrubs –
Herbs –
Banks –

Shrubs –
Herbs –
Banks –

Shrubs –
Herbs –
Banks –

Spring and fall Shrubs –
Herbs –
Banks 0 to –

Shrubs –
Herbs –
Banks 0 to –

Shrubs –
Herbs –
Banks –

Shrubs –
Herbs –
Banks –

Shrubs –
Herbs –
Banks – to 0

Shrubs –
Herbs –
Banks 0 to +

Spring and
summer

Shrubs –
Herbs –
Banks 0 to –

Shrubs –
Herbs –
Banks 0 to –

Shrubs –
Herbs –
Banks –

Shrubs –
Herbs –
Banks – to 0

Shrubs –
Herbs –
Banks – to 0

Shrubs –
Herbs –
Banks 0 to +

Table 8.12: Generalized relationships between grazing systems, stream system characteristics, and riparian vegetation response.

Note: – = decrease; + = increase; 0 = no change. Stream gradient: 0 to 2% = flat; 2 to 4% = moderate; > 4% = steep. Banks refers to bank stability.

ing stream degradation must be
identified and changed.

• Design and implementation should
be driven by attainable goals, ob-
jectives, and management activities
that will achieve the desired struc-
ture and functions.

• Implementation should include a
monitoring plan that will evaluate
management, allowing for correc-
tions or modifications as necessary,
and a strong compliance and use
supervision program.

The main consideration for se-
lecting a grazing system is to have an
adequate vegetative growing season
between the period of grazing and ti-
ming of high-energy runoff. It is impos-
sible to provide a cookie-cutter grazing
strategy for every stream corridor; de-
signs have to be determined on the
ground, stream by stream, manager by

manager. Simply decreasing the num-
ber of livestock is not a solution to
degraded riparian conditions; rather,
restoring these degraded areas requi-
res fundamental changes in the ways
that livestock are grazed (Chaney et al.
1990).

Clearly, the continued use of gra-
zing systems that do not include the
functional requirements of riparian
vegetation communities will only per-
petuate riparian problems (Elmore and
Beschta 1987). Kinch (1989) and Clary
and Webster (1989) provide greater
detail on riparian grazing management
and designing alternative grazing stra-
tegies. Chaney et al. (1990) present
photo histories of a number of intere-
sting grazing restoration case studies,
and of the short-term results of some of
the available grazing strategies.

Mining

Post-mining reclamation of stre-
am corridors must begin with restora-
tion of a properly functioning channel.
Because many of the geologic and geo-
morphic controls associated with the
pre-disturbance channel may have
been obliterated by mining operations,
design of the post-mining channel of-
ten requires approaches other than
mimicking the pre-disturbance condi-
tion. Channel alignment, slope, and
size may be determined on the basis of
empirical relations developed from
other streams in the same hydrologic
and physiographic settings (e.g., Re-
chard and Schaefer 1984, Rosgen
1996). Others (e.g., Has-further 1985)
have used a combination of empirical
and theoretical approaches for design
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The effects of abandoned mines
draining into the surrounding lands
cause dramatic changes in the area
(Figure 8.55(a)). Runoff with high lev-
els of minerals and acidity can de-
nude the ground of vegetation, ex-
pose the soil, and allow erosion with
the sediment further stressing
streams and wetland. Any efforts to
restore streams in this environment
must deal with the problem if any
success is to be likely.
The Natural Resources Conserva-
tion Service, formerly known as the
Soil Conservation Service, has been
working on the Oven Run project
along with the Stonycreek
Conemaugh River Improvement
(SCRIP) to improve water quality in
a 4-mile reach above the Borough
of Hooversville. SCRIP is a group of
local and state government as well
as hundreds of individuals interested
in improving the water quality in an
area on Pennsylvania’s Degraded
Watersheds list.
The initial goal of improving water
quality resulted in improving habitat
and aesthetic qualities. The water
coming into Hooversville had higher-
than-desired levels of iron, manga-
nese, aluminum, sulfate, and acid-
ity. Six former strip mines, which had
a range of problems, were identified.

Oven Run, Pennsylvania

Figure 8.55: Stream corridor
(a) before and (b) after restoration.

(a)

(b)

They included deep mine openings that have large flows of acid mine drain-
age, acid mine seepage into streams, eroding spoil areas, areas of ponded
water that infiltrate into ground water (adding to the acid mine drainage), and
areas downhill of seepage and deep mine drainage that are denuded and
eroding.
Control efforts included grading and vegetating the abandoned mine to re-
duce infiltration through acid-bearing layers and reduce erosion and sedi-
mentation, surface water controls to carry water around the sites to safer out-
lets, and treating discharge flow with anoxic limestone drains and chambered
passive wetland treatments (Figure 8.55(b)). Additionally, 1,000 feet of trees
were planted along one of the site streams to shade the Stoneycreek River.
Average annual costs for the six sites were estimated to be $503,000 com-
pared to average annual benefits of $513,000.
The sites are being monitored on a monthly basis, and 4 years after work was
begun the treatments have had a measurable success. The acid influent has
been neutralized, and the effluent is now a net alkaline. Iron, aluminum, and
manganese levels have been reduced, with iron now at average levels of 0.5
mg/L from average levels of 35 mg/L.

of reclaimed channels. Total recon-
struction of stream channels is treated
at length in Section 8.E. Other sec-
tions of the chapter address stabiliza-
tion of streambanks, revegetation of
floodplains and terraces, and restora-
tion of aquatic and terrestrial habita-
ts. Additional guidance is available in
Interfluve, Inc. (1991).

Surface mining is usually asso-
ciated with large-scale disturbances in
the contributing watershed, therefore,
a rigorous hydrological analysis of pre-
and post-mining conditions is critical
for stream corridor restoration of di-
sturbed systems. The hydrologic analy-
sis should include a frequency analy-

sis of extreme high- and low-flow even-
ts to assess channel performance in
the post-mining landscape.

Hydrologic modeling may be re-
quired to generate runoff hydrographs
for the post-mining channel because
watershed geology, soils, vegetation,
and topography may be completely al-
tered by mining operations. Thus, chan-
nel design and stability assessments
will be based on modeled runoff rates
reflecting expected watershed condi-
tions. The hydrologic analysis for post-
mining restoration should also address
sediment production from the reclai-
med landscape. Sediment budgets (see
Chapter 7) will be needed for both the

period of vegetation establishment and
the final revegetated condition.

The hydrologic analyses will pro-
vide restoration practitioners with the
flow and sediment characteristics nee-
ded for restoration design. The analy-
ses may also indicate a need for at least
temporary runoff detention and sedi-
ment retention during the period of
vegetation establishment. However, the
post-mining channel should be desi-
gned for long-term equilibrium with
the fully reclaimed landscape. Water
quality issues (e.g., acid mine draina-
ge) often control the feasibility of stre-
am restoration in mined areas and
should be considered in design.
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Recreation

Both concentrated and dispersed
recreational use of stream corridors
can cause damage and ecological chan-
ge. Ecological damage primarily resul-
ts from the need for access for the re-
creational user. A trail often will deve-
lop along the shortest or easiest route
to the point of access on the stream.

Additional resource damage may
be a function of the mode of access to
the stream: motorcycles and horses cau-
se far more damage to vegetation and
trails than do pedestrians. Control of
streambank access in developed recre-
ation sites must be part of a restoration
design. On undeveloped or unmana-
ged sites, such control is more difficult
but still very necessary (Figure 8.56).

Rehabilitation of severely degra-
ded recreation areas may require at
least temporary use restrictions. Even
actively eroding trails, camp and pic-
nic sites, and stream access points can
be stabilized through temporary site
closure and combinations of soil and
vegetation restoration (Wenger 1984,
Marion and Merriam 1985, Hammitt
and Cole 1987). Closure will not provi-
de a long-term solution if access is re-
stored without addressing the cause of
the original problem. Rather, new trai-
ls and recreation sites should be loca-
ted and constructed based on an un-
derstanding of vegetation capabilities,
soil limitations, and other physical site
characteristics.

Basically, the keys to a successful
design are:
• Initially locating or moving use to

the most damage-resistant sites.
• Influencing visitor use.
• Hardening use areas to make them

more resistant.
• Rehabilitating closed sites.

Urbanization

Few land uses have the capacity
to alter water and sediment yield from
a drainage as much as the conversion
of a watershed from rural to urban
conditions; thus, few land uses have
greater potential to affect the natural
environment of a stream corridor.

As a first step in hydrologic analy-
ses, designers should characterize the
nature of existing hydrologic response
and the likelihood for future shifts in
water and sediment yield. Initially, con-
struction activities create excess sedi-
ment that can be deposited in down-
stream channels and floodplains. As
impervious cover increases, peak flows
increase. Water becomes cleaner as
more area is covered with landscaping
or impervious material. The increased
flows and cleaner water enlarge chan-
nels, which increases sediment loads
downstream.

Determine if the watershed is (a)
fully urbanized, (b) undergoing a new
phase of urbanization, or (c) is in the
beginning stages of urbanization (Ri-
ley, 1998).

An increase in the amount of
impervious cover in a watershed leads
to increased peak flows and resulting
channel enlargement (Figure 8.57).
Research has shown that impervious
cover of as little as 10 to 15 percent of
a watershed can have significant adver-
se effects on channel conditions (Schue-
ler 1996). Magnitudes of channel-for-
ming or bankfull flood events (typical-
ly 1- to 3-year recurrence intervals) are
increased significantly, and flood even-

ts that previously occurred once every
year or two may occur as often as one or
two times a month.

Enlargement of streams with su-
bsequent increases in downstream se-
diment loads in urbanized watersheds
should be expected and accommodated
in the design of restoration treatments.

Procedures for estimating peak
discharges are described in Chapter 7,
and effects of urbanization on magni-
tude of peak flows must be incorpora-
ted into the analysis. Sauer et al. (1983)
investigated the effect of urbanization
on peak flows by analyzing 199 urban
watersheds in 56 cities and 31 states.
The objective of the analysis was to
determine the increase in peak dischar-
ges due to urbanization and to develop
regression equations for estimating
design floods, such as the 100-year or
1 percent chance annual flood, for un-
gauged urban watersheds. Sauer et al.
(1983) developed regression equations
based on watershed, climatic, and ur-
ban characteristics that can be used to
estimate the 2, 5, 10, 25, 50, 100, and
500-year urban annual peak dischar-
ges for ungauged urban watersheds.
The equation for the 100-year flood in
cubic feet per second (UQ100) is provi-
ded as an example:

UQ100 = 2.50 A.29 SL.15 (RI2+3)1.26

(ST+8)–.52 (13–BDF)–.28 IA.06 RQ100.63

where the explanatory variables are
drainage area in square miles (A), chan-
nel slope in feet per mile (SL), the 2-
year, 2-hour rainfall in inches (RI2),
basin storage in percent (ST), basin
development factor (BDF), which is a
measure of the extent of development
of the drainage system (dimensionless,
ranging from 0 to 12), percent imper-
vious area (IA), and the equivalent ru-
ral peak discharge in cubic feet per

Figure 8.56: Controlled
access. Control of stre-
ambank access is an im-
portant part of the resto-
ration design.
Source: J. McShane.

Figure 8.57: Storm wa-
ter flow on a paved sur-
face. Impervious surfac-
es increase peak flows
and can result in chan-
nel enlargement.
Source: M. Corrigan.
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second (RQ100) in the example equa-
tion above.

Sauer et al. (1983) provide the
allowable range for each variable. The
two indices of urbanization in the equa-
tion are BDF and IA. They can be used
to adjust the rural peak discharge
RQ100 (either estimated or observed)
to urban conditions.

Sauer et al. (1983) provide equa-
tions like the one above and graphs
that relate the ratio of the urban to
rural peak discharge (UQx/RQx) for
recurrence intervals x = 2, 10, and 100
years. The 2- year peak ratio varies
from 1.3 to 4.3, depending on the va-
lues of BDF and IA; the 10-year ratio
varies from 1.2 to 3.1; and the 100-
year ratio varies from 1.1 to 2.6. These
ratios indicate that urbanization gene-
rally has a lesser effect on higher-recur-
rence-interval floods because watershed
soils are more saturated and floodplain
storage more fully depleted in large
floods, even in the rural condition.

More sophisticated hydrologic
analyses than the above are often used,
including use of computer models, re-
gional regression equations, and stati-
stical analyses of gauge data. Hydrolo-
gic models, such as HEC-1 or TR-20,
are often already developed for some
urban watersheds.

Once the flood characteristics of
the stream are adjusted for urbaniza-
tion, new equilibrium channel dimen-
sions can be estimated from hydraulic
geometry relationships developed
using data from stable, alluvial chan-
nels in similar (soils, slope, degree of
urbanization) watersheds, or other
analytical approaches. Additional gui-
dance for design of restored channels
is provided earlier in this chapter in
the section on channel reconstruction.

Changes in flooding caused by
urbanization of a watershed can be
mitigated during urban planning
through practices designed to control
storm runoff. These practices empha-
size the use of vegetation and biotech-
nical methods, as well as structural
methods, to maintain or restore water
quality and dampen peak runoff rates.
Strategies for controlling runoff inclu-
de the following:
• Increasing infiltration of rainfall

and streamflow to reduce runoff

and to remove pollutants.
• Increasing surface and subsurface

storage to reduce peak flows and
induce sediment deposition.

• Filtration and biological treatment
of suspended and soluble pollut-
ants (i.e., constructed wetlands).

• Establishment and/or enhance-
ment of forested riparian buffers.

• Management of drainage from the
transportation network.

• Introduction of trees, shrubs, etc.,
for various restoration purposes.

In addition to changes in water
yield, urbanization of a watershed fre-
quently generates changes in its sedi-
ment yield. In humid climates, vegeta-
tive cover prior to urbanization often
is adequate to protect soil resources
and minimize natural erosion, and the
combination of impervious area and
vegetation of a fully urban watershed
might be adequate to minimize sedi-
ment yield. During the period of urba-
nization, however, sediment yields in-
crease significantly as vegetation is cle-
ared and bare soil is exposed during
the construction process. In more arid
climates, sediment yield from an ur-
ban watershed may actually be lower
than the yield from a rural watershed
due to the increased impervious area
and vegetation associated with land-

scaping, but the period of urbaniza-
tion (i.e., construction) is still the time
of greatest sediment production.

The effect of urbanization on se-
diment discharge is illustrated in Fi-
gure 8.58, which contains data from
nine sub-basins in a 32-square-mile
area in the Rock Creek and Anacostia
River Basins north of Washington, DC
(Yorke and Herb 1978). During the
period of data collection (1963-74),
three subbasins remained virtually
rural while the others underwent ur-
ban development. In 1974, urban land
represented from 0 to 60 percent of
land use in the nine subbasins. These
data were used to develop a relation
between suspended sediment yield and
the percentage of land under construc-
tion. This relation indicated that su-
spended sediment yield increased
about 3.5 times for watersheds with 10
percent of the land area under con-
struction. However, suspended-sedi-
ment yields for watersheds where sedi-
ment controls (primarily sediment ba-
sins) were employed for 50 percent of
the construction area were only about
one-third of these for areas without
controls. The effect of controls is seen
in the figure. The three curves present
growing season data for three periods
of increasing sediment control: 1963-

Figure 8.58: Sediment-trans-
port curves for growing season
storms. The effect of urbaniza-
tion on sediment discharge is
illustrated from data collected
in a 32-square-mile area.
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67, when no controls were used on con-
struction sites; 1968-71, when controls
were mandatory; and 1972-74, when
controls were mandatory and subject
to inspection by county officials. It fur-
ther illustrates that storm runoff is not
the only factor affecting storm sedi-
ment discharge as evidenced by the
significant scatter about each relation.

In addition to sediment basins,
management practices for erosion and
sediment control focus on the following
objectives:
• Stabilizing critical areas along and

on highways, roads, and streets.
• Siting and placement of sediment

migration barriers.
• Design and location of measures to

divert or exclude flow from sensi-
tive areas.

• Protection of waterways and outlets.
• Stream and corridor protection and

enhancement.
All of these objectives emphasi-

ze the use of vegetation for sediment
control. Additional information on
BMPs for controlling runoff and sedi-
ment in urban watersheds can be found
in the Techniques Appendix.

In theory, a local watershed ma-
nagement plan might be the best tool
to protect a stream corridor from the
cumulative impact of urban develop-
ment; however, in practice, few such
plans have realized this goal (Schueler
1996). To succeed, such plans must
address the amount of bare ground
exposed during construction and the
amount of impervious area that will
exist during and after development of
the watershed. More importantly, suc-
cess will depend on using the water-
shed plan to guide development deci-
sions, and not merely archiving it as a
one-time study whose recommenda-
tions were read once but never imple-
mented (Schueler 1996).

Key Tools of Urban
Stream Restoration Design

Restoration design for streams
degraded by prior urbanization must
consider pre-existing controls and the-
ir effects on restoration objectives. Se-
ven restoration tools can be applied to
help restore urban streams. (Schere-
ler,1996) These tools are intended to
compensate for stream functions and

processes that have been diminished
or degraded by prior watershed urba-
nization. The best results are usually
obtained when the following tools are
applied together.
Tool 1. Partially restore the predevelop-
ment hydrological regime. The primary
objective is to reduce the frequency of
bankfull flows in the contributing wa-
tershed. This is often done by construc-
ting upstream storm water retrofit pon-
ds that capture and detain increased
storm water runoff for up to 24 hours
before release (i.e., extended deten-
tion). A common design storm for ex-
tended detention is the one-year, 24
hour storm event. Storm water retrofit
ponds are often critical in the restora-
tion of small and midsized streams,
but may be impractical in larger stre-
ams and rivers.
Tool 2. Reduce urban pollutant pulses. A
second need in urban stream restora-
tion is to reduce concentrations of nu-
trients, bacteria and toxics in the stre-
am, as well as trapping excess sedi-
ment loads. Generally, three tools can
be applied to reduce pollutant inputs
to an urban stream: storm water retro-
fit ponds or wetlands, watershed pol-
lution prevention programs, and the
elimination of illicit or illegal sanitary
connections to the storm sewer network
Tool 3. Stabilize channel morphology.
Over time, urban stream channels en-
large their dimensions, and are subject
to severe bank and bed erosion. There-
fore, it is important to stabilize the
channel, and if possible, restore equi-
librium channel geometry. In addition,
it is also useful to provide undercuts
or overhead cover to improve fish ha-
bitat. Depending on the stream order,
watershed impervious cover and the
height and angle of eroded banks, a
series of different tools can be applied
to stabilize the channel, and prevent
further erosion. Bank stabilization
measures include imbricated rip-rap,
brush bundles, soil bioengineering
methods such as willow stakes and bio-
logs, lunker structures and rootwads.
Grade stabilization measures are di-
scussed earlier in this chapter and in
Appendix A.
Tool 4. Restore Instream habitat struc-
ture. Most urban streams have poor
instream habitat structure, often typi-

fied by indistinct and shallow low flow
channels within a much larger and
unstable storm channel. The goal is to
restore instream habitat structure that
has been blown out by erosive floods.
Key restoration elements include the
creation of pools and riffles, confine-
ment and deepening of the low flow
channels, and the provision of greater
structural complexity across the stre-
ambed. Typical tools include the in-
stallation of log checkdams, stone wing
deflectors and boulder clusters along
the stream channel.
Tool 5. Reestablish Riparian Cover. Ri-
parian cover is an essential component
of the urban stream ecosystem. Ripa-
rian cover stabilizes banks, provides
large woody debris and detritus, and
shades the stream. Therefore, the fifth
tool involves reestablishing the ripa-
rian cover plant community along the
stream network. This can entail active
reforestation of native species, remo-
val of exotic species, or changes in
mowing operations to allow gradual
succession. It is often essential that the
riparian corridor be protected by a wide
urban stream buffer.
Tool 6. Protect critical stream substra-
tes. A stable, well sorted streambed is
often a critical requirement for fish
spawning and secondary production by
aquatic insects. The bed of urban stre-
ams, however, is often highly unstable
and clogged by fine sediment deposits.
It is often necessary to apply tools to
restore the quality of stream substra-
tes at points along the stream channel.
Often, the energy of urban storm water
can be used to create cleaner substra-
tes— through the use of tools such as
double wing deflectors and flow con-
centrators. If thick deposits of sediment
have accumulated on the bed, mechani-
cal sediment removal may be needed.
Tool 7. Allow for recolonization of the
stream community. It may be difficult
to reestablish the fish community in
an urban stream if downstream fish
barriers prevent natural recoloniza-
tion. Thus, the last urban stream resto-
ration tool involves the judgment of a
fishery biologist to determine if down-
stream fish barriers exist, whether they
can be removed, or whether selective
stocking of native fish are needed to
recolonize the stream reach.
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9.A Restoration Implementation
• What are passive forms of restoration and how are they “implemented”?
• What happens after the decision is made to proceed with an active rather than a passive restoration approach?
• What type of activities are involved when installing restoration measures?
• How can impact on the stream channel and corridor be minimized when installing restoration measures (e.g, water
quality, air quality, cultural resources, noise)?
• What types of equipment are needed for installing restoration measures?
• What are some important considerations regarding construction activities in the stream corridor?
• How do you inspect and evaluate the quality and impact of construction activities in the stream corridor?
• What types of maintenance measures are necessary to ensure the ongoing success of a restoration?

9.B Monitoring Techniques Appropriate for Evaluating Restoration
• What methods are available for monitoring biological attributes of streams?
• What can assessment of biological attributes tell you about the status of the stream restoration?
• What physical parameters should be included in a monitoring management plan?
• How are the physical aspects of the stream corridor evaluated?
• How is a restoration monitoring plan developed, and what issues should be addressed in the plan?
• What are the sampling plan design issues that must be addressed to adequately detect trends in stream corridor
conditions?
• How do you ensure that the monitoring information is properly collected, analyzed, and assessed (i.e., quality assurance
plans)?

9.C Restoration Management
• What are important management priorities with ongoing activities and resource uses within the stream corridor?
• What are some management decisions that can be made to support stream restoration?
• What are some example impacts and management options with various types of resource use within the stream corridor
(e.g., forest management, grazing, mining, fish and wildlife, urbanization)?
• When is restoration complete?

Figure 9.1: A re-
stored stream.
Stream corridor
restoration meas-
ures must be
properly in-
stalled, moni-
tored, and man-
aged to be suc-
cessful.

9 Restoration
Implementation,
Monitoring, and
Management
9A Restoration Implementation
9B Monitoring Techniques Appropriate for

Evaluating Restoration
9.C Restoration Management
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Completion of the restoration
design marks the beginning of several
important tasks for the stream restora-
tion practitioner. Emphasis must now
be placed on prescribing or implemen-
ting restoration measures, monitoring
and assessing the effectiveness of the
restoration, and managing the design
to achieve the desired stream corridor
conditions (Figure 9.1).

Implementation, management,
and monitoring/ evaluation may pro-
ceed as part of a larger setting, or they
may be considered components of a
corridor-specific restoration effort. In
either case, they require full planning
and commitment before the restora-
tion plan is implemented. The techni-
cal complexity of a project must be de-
termined by the restoration practitio-
ner based on available resources, tech-
nology, and what is necessary to achie-
ve restoration goals. There must be
reasonable assurance that there will
be continuing access for ongoing ins-
pection, maintenance, emergency re-
pairs, management, and monitoring
activities as well. All cooperators
should be aware that implementation,
monitoring, and management might
require unanticipated work, and that
plans and objectives might change over
time as knowledge improves or as chan-
ges occur.

This chapter builds on the di-
scussion of restoration implementa-
tion, monitoring, evaluation, and adap-

tive management presented in Chap-
ter 6. Specifically, it moves beyond the
planning components associated with
these key restoration activities and di-
scusses some of the technical issues
and elements that restoration practi-
tioners must consider when installing,
monitoring, and managing stream cor-
ridor restoration measures. The discus-
sion that follows is divided into three
major sections.

Section 9.A:
Restoration Implementation

This first section describes the im-
plementation of restoration measures
beyond just removing disturbance factors
and taking other passive approaches that
allow the stream corridor to restore itself
over time. Technical considerations rela-
ting to site preparation, site clearing, con-
struction, inspection, and maintenance are
discussed in this section.

Section 9.B:
Monitoring Techniques Appropri-
ate for Evaluating Restoration

The purpose of restoration monito-
ring is to gather data that will help to
determine the success of the restoration
effort. This section presents some of the
monitoring techniques appropriate for
evaluating restoration.

Section 9.C:
Restoration Management

Management of the restoration be-

gins with the implementation of the plan.
The “adaptive management” approach
was presented in Chapter 6 as an impor-
tant part of the planning process. It provi-
des the flexibility to detect when changes
are needed to achieve success and to be
able to make the necessary midcourse, short-
term corrections.

Ideally, the long-term management
of a successful restoration will involve only
periodic monitoring to check that the sy-
stem is sustaining itself through natural
processes.However, this is rarely the case
for stream corridors in human-inhabited
landscapes.

New crops, markets, and govern-
ment programs can rapidly and signifi-
cantly alter the physical, chemical, and
biological characteristics of stream corri-
dors and their watersheds, destroying re-
storation efforts. Conversion of rural lan-
ds and wildlands to urban uses and exploi-
tation of natural resources can change the
landscape and cause natural processes to
become unbalanced, leaving the stream
corridor with no way to sustain itself.

Additionally, natural imbalances
can occur due to local and regional clima-
tic changes, predation, disease, fire, gene-
tic changes, and catastrophes like ear-
thquakes, hurricanes, tornadoes, volcanic
eruptions, land-slides, and floods. Long-
term management of the restored stream
corridor will therefore require vigilance,
anticipation, and reaction to future chan-
ges.

9.A Restoration Implementation

Implementation of stream corri-
dor restoration must be preceded by
careful planning. Such planning should
include the following (at a minimum):
• Determining a schedule.
• Obtaining necessary permits.
• Conducting preimplementation

meetings.
• Informing and involving property

owners.
• Securing site access and easements.
• Locating existing utilities.
• Confirming sources of materials

and ensuring standards of materi-
als.

The careful execution of each
planning step will help ensure the suc-
cess of the restoration implementation.
Full restoration implementation, howe-
ver, involves several actions that re-
quire careful execution as well as the
cooperation of several participants. See
Chapters 4 and 5 for specific guidance
on planning a stream corridor initiati-
ve.

Site Preparation

Site preparation is the first step

in the implementation of restoration
measures. Preparing the site requires
that the following actions be taken.

Delineating Work Zones
The area in which restoration

occurs is defined by many disparate
factors. This area is determined most
fundamentally by the features of the
landscape that must be affected to
achieve restoration goals. Boundaries
of property ownership, restrictions im-
posed by permit requirements, and
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natural or cultural features that might
have special significance can also de-
termine the work zone. A heavy-equip-
ment operator or crew supervisor can-
not be expected to be aware of the
multiple requirements that govern
where work can occur. Thus, delinea-
tion of those zones in the field should
be the first activity conducted on the
site. The zones should be marked by
visible stakes and more preferably by
temporary fencing (usually a bright-
colored sturdy plastic netting). This
delineation should conform to any spe-
cial restrictions noted or temporary
stakes placed during the preconstruc-
tion meeting between the project ma-
nager and field inspector.

Preparing Access
and Staging Areas

A site is often accessed from a
public road in an upland portion of
the site. Ideally, for convenience, a sta-
ging area for crew, equipment, and
materials can be located near an ac-
cess road close to the restoration site
but out of the stream corridor and away
from wetlands or areas with highly ero-
dible soils. The staging area should
also be out of view from public thorou-
ghfares, if possible, to increase securi-
ty.

Although property ownership,
topography, and preexisting roads
make access to every site unique, seve-
ral principles should guide design, pla-
cement, and construction of site access:
• Avoid any sensitive wildlife habi-

tat or plant areas or threatened and
endangered species and their des-
ignated critical habitat.

• Avoid crossing the stream if at all
possible; where crossing is unavoid-
able, a bridge is almost mandatory.

• Minimize slope disturbance since
effective erosion control is difficult
on a sloped roadway that will be
heavily used.

• Construct roadways with low gradi-
ents; ensure that storm water run-
off drains to outlets; install an ade-
quate roadbed; and, if possible, set
up a truck-washing station at the
entrance of the construction site to
reduce off- site transport of mud
and sediment by vehicles.

• In the event of damage to any pri-

vate or public access roads used to
transport equipment or heavy ma-
terials to and from the site, those
responsible should be identified
and appropriate repairs should be
made.

Taking Precautions to
Minimize Disturbance

Every effort should be made to
minimize and, where possible, avoid
site disturbance. Emphasis should be
placed on addressing protection of exi-
sting vegetation and sensitive habitat,
erosion and sediment control, protec-
ting air and water quality, protecting
cultural resources, minimizing noise,
and providing for solid waste disposal
and worksite sanitation.

Protection of Existing Vegetation
and Sensitive Habitat

Fencing can be an effective way
to ensure protection of areas within
the construction site that are to remain
undisturbed (e.g., vegetation designa-
ted to be preserved, sensitive terre-
strial habitat, or sensitive wetland ha-
bitat).

As in delineating work zones, fen-
cing should be placed around all pro-

tected areas during initial site prepa-
ration, even before the access road is
fully constructed, if possible, but cer-
tainly before wholesale earthmoving
begins. Fencing material should be easy
to see, and areas should be labeled as
protection areas. Caution should always
be exercised when grading is planned
adjacent to a protected area.

Erosion
Many well-established principles

of effective erosion and sediment con-
trol can be readily applied to stream
corridor restoration (Goldman et al.
1986). Every effort should be made to
prevent erosion because prevention is
always more effective than having to
trap already- eroded sediment parti-
cles in runoff. Erosion and sediment
controls should be installed during
initial site preparation.

The most basic method of con-
trol is physical screening of areas to
remain undisturbed. Properly chosen,
installed, and maintained sediment
control measures can provide a signifi-
cant degree of filtration for sediment-
bearing runoff (Figure 9.2).

Where undisturbed areas lie
downslope of implementation activi-
ties, one method of controlling sedi-
ment is the use of a silt fence, which is
normally made of filter fabric. Silt fen-
ces can provide a significant degree of
filtration for sediment-bearing runoff,
but only if correctly chosen, installed,
and maintained. Design guidelines for
silt fences include the following:
• Drainage area of 1 acre or less.
• Maximum contributing slope gra-

dient of 2 horizontal to 1 vertical.
• Maximum upslope distance of 100

ft.
• Maximum flow velocity of 1 ft./sec.

Installation is even more critical

Major Elements of Res-
toration Implementation
• Review of Plans
• Site Preparation
• Site Clearing
• Installation and Construction
• Site Reclamation/Cleanup
• Inspection
• Maintenance

Figure 9.2: Silt fence at a construction
site. Properly chosen and installed silt
fences can provide a significant degree
of off-site sediment control.
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than material type; most fabric fences
fail because either runoff carves a chan-
nel beneath them or sediment accu-
mulates against them, causing them to
collapse. To help prevent failure, the
lower edge of the fabric should be pla-
ced in a 4- to 12-inch-deep trench, whi-
ch is then backfilled with native soil or
gravel, and wire fencing should be used
to support the fabric.

Figure 9.3 presents example silt
fence installation guidelines. Properly
installed silt fences commonly fail due
to lack of maintenance. One rainfall
event can deposit enough sediment that
failure will occur during the next rain-
fall event if the sediment against the
fence is not removed.

Straw bales are also common se-
diment control measures. Bales should
be placed in trenches about 4 inches
deep, staked into the ground, and pla-
ced with their ends (not just corners)
abutting each other. Figure 9.4 pre-
sents example straw bale installation
guidelines. The limitations on siting
are the same as for silt fences, but
straw bales are typically less durable
and might need to be replaced.

Where the scope of a project is so
small that no official erosion control
plans have been prepared, control
measures should be appropriate to the
site, installed promptly, and maintai-
ned appropriately.

Proper restoration implementa-
tion requires managers to prepare for
“unexpected” failure of erosion con-
trol measures. By the time moderate to

heavy rains can be expected, the fol-
lowing preparations should have been
made:
• Additional erosion control materi-

als should be stockpiled on site,
including straw bales, filter fabric
and wire backing, posts, sand and
burlap bags, and channel lining
materials (rock, geotextile fabric or
grids, jute netting, coconut fabric
material, etc.).

• Inspection of the construction site
should occur during or immediate-
ly after a rain storm or other signif-
icant runoff event to determine the
effectiveness of sediment control
measures.

• A telephone number for the site
superintendent or project manag-
er should be made available to
neighboring residents if they wit-
ness any problems on or coming
from the site. Residents should be
educated on what to watch for, such
as sediment-laden runoff or failed
structures.

Water Quality
Although sediment is the major

source of water quality impairment on
construction sites, it is not the only
source. Motorized vehicles and equip-
ment or improperly stored containers

can leak petroleum products. Vehicles
should be steam-cleaned off site on a
regular basis and checked for antifree-
ze leaks and repaired. (Wildlife can be
attracted to the sweet taste of most an-
tifreeze and poisoned.) Various other
chemicals such as fertilizers and pesti-
cides can be washed off by rain. Most of
these problems can be minimized or
avoided entirely by thoughtful siting
storage areas for chemicals and equip-
ment and staging areas. Gradients
should not favor rapid overland flow
from these areas into adjacent streams
and wetlands. Distances should be as
great as possible and the intervening
vegetation as dense as site traffic will
allow.

Occasionally, implementation
activities will require the entry or cros-
sing of heavy equipment into the stre-
am channel (Figure 9.5). Construction
site planning and layout should always
seek to avoid these intrusions. When
these intrusions are absolutely neces-
sary, they should be infrequent. Gra-
velly streambeds are best able to rece-
ive traffic; finer substrates should be
reinforced with a geoweb network back-

Figure 9.3: Silt fence installation guidelines. Erosion control measures must be installed
properly. Source: King County, Washington.

Erosion and sediment controls
should be installed during initial
site preparation.

Figure 9.4: Straw bale installation guide-
lines. Straw bales are common sediment con-
trol measures.
Source: King County, Washington.
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filled with gravel. In addition, any equi-
pment used in these activities should
be thoroughly steam-cleaned prior to
stream entry.

Application of fertilizers and
pesticides can also be a source of pol-
lution into water bodies, and their use
may be closely regulated in restoration
settings. Where their use is permitted,
the site manager should closely moni-
tor the quantity applied, the local wind
conditions, and the likelihood of rain-
fall. Potential water quality impacts
are a function of the characteristics of
the selected pesticide, its form, mode
of application, and soil conditions. Pe-
sticides and fertilizers must be stored
in a locked and protected storage unit
that provides adequate protection from
leaks and spills. Pesticides must be
prepared or mixed far from streams
and, where possible, off site. All con-
tainers should be rinsed and disposed
of properly.

Air Quality
Air quality in the vicinity of a

restoration site can be affected by vehi-
cle emissions and dust. Rarely, howe-
ver, will either be a major concern du-
ring implementation activities. Vehi-
cle emissions are regulated at the sour-
ce (the vehicle), and dust is usually
associated primarily with haul roads
or major earthmoving during dry pe-
riods. The need for dust control should
be evaluated during initial restoration
implementation and road planning (if
not previously determined during the
planning phase of the restoration ini-
tiative). Site conditions, duration of
construction activities, prevailing win-
ds, and proximity to neighbors should
be considered when making decisions
on dust control. Temporary road surfa-
ces or periodic water spraying of the

road surface are both effective in con-
trolling dust. Covered loads and speed
limits on all temporary roads will also
reduce the potential for construction-
related dust and debris leaving the
site (Hunt 1993). Where appropriate,
use of volunteer labor in lieu of diesel-
powered equipment will help to pro-
tect air quality in and surrounding the
site. Due to safety concerns, it is recom-
mended that volunteers not be used
on a site where heavy equipment will
also be used.

Cultural Resources
Since stream corridors have been

a powerful magnet for human settle-
ment throughout history, it is not un-
common for historic and prehistoric
resources to be buried by sediment or
obscured by vegetation along stream
corridors. It is quite possible to disco-
ver cultural resources during restora-
tion implementation (particularly du-
ring restoration that requires earth-
disturbing activities). (See Figure 9.6.)

Prior to implementation, any po-
tential cultural resources should be
identified in compliance with section
106 of the National Historic Preserva-

tion Act. An archaeological record se-
arch should be conducted during the
planning process in accordance with
the State Historic Preservation Officer
(SHPO). If a site is uncovered unex-
pectedly, all activity that might adver-
sely affect the historic property must
cease, and the responsible agency offi-
cial must notify the U.S. Department
of the Interior (USDI) National Park
Service and the SHPO. Upon notifica-
tion, the SHPO determines whether
the activity will cause an irreparable
loss or degradation of significant data.
This might require on-site consulta-
tion with a 48-hour response time for
determining significance and appro-
priate mitigation actions so as not to
delay implementation activities inor-
dinately.

If the property is determined not
to be significant or the action will not
be adverse, implementation activities
may continue after documenting con-
sultation findings. If the resource is
significant and the on-site activity is
determined to be an adverse action
that cannot be avoided, implementa-
tion activities are delayed until appro-
priate actions can be taken (i.e., detai-
led survey, recovery, protection, or pre-
servation of the cultural resources).
Under the Historical and Archaeologi-
cal Data Preservation Act of 1974,
USDI may assume liability for delays
in implementation.

Noise
Noise from restoration sites is

regulated at the state or local level.
Although criteria can vary widely, most
establish reasonable and fairly consi-

Figure 9.5: Heavy equipment. Avoid
heavy equipment in stream channels
unless absolutely necessary.

Figure 9.6: Archaeological site.
Cultural resources, such as
those at this site in South Dako-
ta, are commonly found near
streams.
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stent standards.
The U.S. Housing and Urban

Development (HUD) agency has set a
maximum acceptable construction no-
ise emission of 65 A-weighted decibels
(dBA) at the property line. Numerous
studies conducted since the late 1960s
suggest that community complaints rise
dramatically above 55 dBA (Thumann
and Miller 1986). Meeting the HUD
standard (65 dBA) requires that typi-
cal construction equipment be over
300 feet away from the listener; avoi-
ding the chance of any significant com-
plaints requires about 500 feet of se-
paration or more. The project manager
should contact surrounding neighbors
prior to restoration implementation.
Public awareness of and appreciation
for the project goals help improve tole-
rance for off-site noise impacts. (Im-
pacts from noise on equipment opera-
tors is usually not significant since most
construction equipment meets the noi-
se standards imposed by the U.S. Ge-
neral Services Administration of 75
dBA at 50 feet.)

High noise levels might be a con-
cern to wildlife as well, particularly
during the breeding season. Any sensi-
tive species that inhabit the project
vicinity should be identified and ap-
propriate actions taken to reduce noi-
se levels that could adversely affect
these species.

Solid Waste Disposal
Debris is an inevitable by-pro-

duct of implementation activities. The
management of debris is a matter of
job site safety, function, and aestheti-
cs. From the first day, the locations of
equipment storage, vehicle unloading,
stockpiled materials, and waste should
be identified. At the end of each
workday, all scattered construction de-
bris, plant materials, soil, and tools
should be gathered up and brought to
their respective holding areas. The site
should be left as neat and well organi-
zed as possible at the end of each day.
Even during the workday, sites in close
proximity to business or residential
districts should be kept as well organi-
zed and “sightly” as possible to avoid
complaints and delays initiated by
unhappy neighbors.

The importance of these measu-

res to the safety and efficiency of the
restoration effort as a whole is someti-
mes evident only to the project mana-
ger. Under such conditions, achieving
adequate job site cleanliness is almost
impossible because the manager alo-
ne does not have time to tidy up trash
and debris. Meetings with work crews
to emphasize this element of the work
should occur early in the construction
process and be repeated as often as
required. People working on site,
whether contractors, volunteers, or go-
vernment personnel, need to be re-
minded of these needs as an unavoida-
ble part of doing their jobs.

Worksite Sanitation
Sanitation facilities for work

crews should be identified before con-
struction begins. Particularly in remo-
te areas, the temptation to allow ad hoc
arrangements will be high. In urban
areas, the existing facilities of a nei-
ghboring business might be offered.
In most settings, however, one or more
portable toilets should be provided
and might be required by local buil-
ding or grading permits. Although nor-
mally self-contained, any facilities
should be located to minimize the risk
of contamination of surface water bo-
dies by leakage or overflow.

Obtaining Appropriate Equipment
Standard earthmoving and plan-

ting equipment is appropriate for most
restoration work. Small channels or
wetland pool areas can be excavated
with backhoes or track-mounted exca-
vators or trackhoes. Trackhoes are mo-
bile over rough or steep terrain (Figu-
re 9.7). They have adequate reach and
power to work at a distance from the
stream channel; with an opposing
“thumb” on the bucket, they can ma-
neuver individual rocks and logs with
remarkable precision. Logs can also
be placed by a helicopter’s cable. Al-
though the hourly rate is about that of
the daily cost of ground-based equip-
ment, the ability to reach a stream chan-
nel without use of an access road is
sometimes indispensable.

Where access is good but the ri-
parian corridor is intact, instream mo-
difications can be made with a telesco-
ping crane. This equipment comes in a

variety of sizes. A fairly large, fully
mobile unit can extend across a ripa-
rian zone 100 feet wide to deliver con-
struction materials to a waiting crew
without disturbing the intervening
ground or vegetation. Where operatio-
nal constraints permit their use, bull-
dozers and scrapers can be very useful,
particularly for earthmoving activities
that are absolutely necessary to get the
job done. In addition, loaders are excel-
lent tools for transporting rocks, tran-
splanting large plants, and digging and
placing sod.

For planting, standard farm equi-
pment, such as tractors with mounted
disks or harrows, are generally suita-
ble unless the ground is extremely wet
and soft. Under these circumstances,
light-tracking equipment with low-pres-
sure tires or rubber tracks might work.
Seeds planted on restoration sites are
commonly broadcast by hydroseeding,
requiring a special tank truck with a
pump and nozzle for spraying the mix-
ture of seeds, fertilizer, binder, and
water (Figure 9.8). A wider range of
seed species can be planted more ef-
fectively with a seed drill towed behind
a tractor (e.g., Haferkamp et al. 1985).

Figure 9.7: Backhoe in operation at a resto-
ration site. Backhoes are mobile in rough
terrain and can move rocks and logs with
remarkable precision.
Source: M. Landin.



RESTORATION IMPLEMENTATION, MONITORING, AND MANAGEMENT310

Biologia Ambientale, 16 (n. 2, 2002)

Where access is limited, hand plan-
ting or aerial spreading of seeds might
be feasible.

Site Clearing

Once the appropriate construc-
tion equipment has been acquired and
site preparation has been completed,
any necessary site clearing can begin.
Site clearing involves setting the geo-
graphic limits, removing undesirable
plant species, addressing site draina-
ge issues, and protecting and mana-
ging desirable existing vegetation.

Geographic Limits
Site clearing should not proceed

unless the limits of activity have been
clearly marked in the field. Where lar-
ge trees are present, each should be
marked with colored and labeled flag-
ging to ensure that the field crew un-
derstands what is to be cut and what is
to remain and be protected from da-
mage.

Removal of Undesirable
Plant Species

Undesirable plant species inclu-
de non-native and invasive species that
might threaten the survival of native
species. Undesirable plants are nor-
mally removed by mechanical means,
but the specific method should be tai-
lored to the species of concern if possi-
ble. For example, simply cutting the
top growth might be adequate mana-
gement for some plants, but others
might resprout rapidly. Where herbi-
cides are selected (and permitted), the-
ir use might need to precede clearing

of the top growth by up to 2 weeks to
allow full absorption of certain chemi-
cals used for this purpose.

For initial brush removal, a va-
riety of track-mounted and towed equi-
pment is available. Bulldozers are most
commonly used because of their ready
availability, but other equipment can
often work more rapidly or more effec-
tively with minimal site disturbance.

Hand clearing with portable to-
ols might be the only appropriate
method in some sensitive or difficult
areas.

Drainage
Sites that are very wet and poor-

ly drained might require extra prepa-
ration. However, many of the traditio-
nal efforts to improve drainage are in
partial or direct conflict with wetland-
protection regulations and might con-
flict with the restoration goals of the
project as a whole. Standard enginee-
ring approaches should be reviewed
for appropriateness, as well as the ti-
ming and schedule of the restoration
activities.

Specific techniques for impro-
ving the workability of a wet construc-
tion site depend on the particular ac-
cess, storage needs, and site characte-
ristics. Load-bearing mats can provide
stable areas for equipment and the
unloading of plant materials. Surface
water may be intercepted above the
working area by a shallow ditch and
temporarily routed around the con-
struction area. Subsurface water can
sometimes be intercepted by a perfo-
rated pipe set in a shallow trench, such
as a French drain, but the topography
must be favorable to allow positive drai-
nage of the pipe to a surface outlet.

Protection and Management
of Existing Vegetation

Protecting existing vegetation on
a restoration site requires a certain
degree of attention and advanced plan-
ning. An area on a site plan that is far
from all earthmoving activity might
appear to the site foreman as the ideal
location for parking idle equipment or
stockpiling excess soil. Only a careless
minute with heavy equipment, howe-
ver, can reduce a vegetated area to
churned earth (Figure 9.9). Vegetation
designed for a protection zone should
be clearly marked in the field.

Existing vegetation might also
require temporary protection if it oc-
cupies a part of the site that will be
worked, but only late in the implemen-
tation sequence. Before that time, it is
best left undisturbed to improve the
level of overall erosion control. To save
mobilization costs, most earthmoving
contractors normally begin construc-
tion by clearing every part of the site

Figure 9.8: Hydroseeding of a
streambank. Special tank trucks
carrying seed, water, and fertiliz-
er can be used in revegetation
efforts.

Figure 9.9: Lessons to
be learned. Heavy
equipment can quickly
reduce a vegetated
area to churned earth.
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that will eventually require it. If clea-
ring is to be phased instead, this re-
quirement must be specified in the
contract documents and discussed at a
preimplementation meeting.

When identifying and marking
vegetation protection zones, the roo-
ting extent of the vegetation should be
respected. Fencing and flagging of pro-
tected vegetation should be sturdy and
maintained. Despite the cool shade and
fencing, vegetation protection zones are
neither a picnic area nor a storage/
staging area. They are zones of no di-
sturbance.

When working in riparian corri-
dors with mature conifers, it is espe-
cially important to protect them from
mechanical operations which can cau-
se severe damage.

Installation and
Construction

Following site preparation and
clearing, restoration installation acti-
vities such as earthmoving, diversion
of flow, and the installation of plant
materials can proceed.

Earthmoving

Fill Placement and Disposal
How and where fill is placed on

a site should be determined by the
final placement of restoration measu-
res. Fills adjacent to retaining walls or
similar structures need to meet the
criteria for structural fill.

Where plants will be the final
treatment of a fill slope, the require-
ments for soil materials and compac-
tion are not as severe. Loose soil on a
steep slope is still prone to erosion or
landsliding, however. Where fill is to
be placed on slopes steeper than about
2:1, a soils engineer should determine
whether any special measures are ap-
propriate (Figure 9.10). Even on gent-
ler slopes, surface runoff from above
should not be allowed to saturate the
new material since the stability of non-
compacted fills is generally quite low.

To reduce grading expenses, the
cut and fill should be balanced so no
material needs to be transported to or
from the site. If the volume of material

resulting from cuts exceeds that from
fills, some of the soil must be disposed
of off-site. Disposal sites can be diffi-
cult to locate and might require an
additional grading permit from the lo-
cal jurisdiction. These possibilities
should be planned for far enough in
advance to avoid unanticipated delays
during implementation.

As a general rule, topsoil remo-
ved from the site should be properly
stockpiled for reuse during the final
stages of implementation. Even if un-
desirable species are present, the top-
soil will provide a growth medium sui-
table for the plant community appro-
priate to the site. It will also be a sour-
ce of native species that can reesta-
blish the desired diversity most rapi-
dly (Liebrand and Sykora 1992).
Stockpiled soil also can be vegetated
with species that will be used at the
restoration site to protect the soil from
erosion and noxious weeds.

Contouring
The erosive power of water

flowing down a slope should be reco-
gnized during earthmoving. The stee-
pest direction down a hillside is also
the direction of greatest erosion by
overland or channelized flow. The ove-
rall topography of the graded surface
should be designed to minimize the
uncontrolled flow of runoff in this di-
rection. Channelized flow should be
diverted to ditches cut into the soil
that more closely follow the level con-
tours of the land. Dispersed sheet flow

should be broken up by terraces or
benches along the slope that also fol-
low topographic contours. On a fine
scale, the ground surface can be rou-
ghened by the tracks of a bulldozer
driven up and down the slope, or by a
rake or harrow pulled perpendicularly
to the slope. In either case, the result is
a set of parallel ridges, spaced only a
few inches apart, that follow the con-
tours of the land surface and greatly
reduce on-site erosion.

Final Grading
Earthmoving should result in a

slope that is stable, minimizes surface
erosion by virtue of length and gra-
dient, and provides a favorable envi-
ronment for plant growth. The first
two criteria are generally determined
by plans and can be modified only mi-
nimally by variations in grading tech-
niques. Where plans specify a final
slope gradient steeper than about 1:1,
however, vegetation reestablishment
will be very difficult, and a combina-
tion of stabilization structures, soil bio-
engineering, and geotechnical metho-
ds will probably be necessary. The sha-
pe at the top of the slope is also impor-

Figure 9.10: Treatment of cuts and fills. Slope gradient is an important factor in determining
appropriate restoration measures.

Earthmoving should result in a
slope that is stable, minimizes
surface erosion by virtue of length
and gradient, and provides a
favorable environment for
plant growth.
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tant: if it forms a straight abrupt edge,
plant regrowth will be nearly impossi-
ble. A rounded edge that forms a gra-
dual transition between upland and
slope will be much more suitable for
growth (Animoto 1978).

Providing a favorable environ-
ment for plant growth requires atten-
tion to the small-scale features of the
slope. Rough-textured slopes, resulting
from vehicle tracks or serrated blades,
provide a much better environment
for seedlings than do smooth-packed
surfaces (Figure 9.11). Small terraces
should be cut into slopes steeper than
about 3:1 to create sites of moisture
accumulation and enhanced plant
growth. Compaction by excessive
reworking from earthmoving equip-
ment can result in a lower rate of rain-
fall infiltrating the soil and, consequen-
tly, a higher rate of erosive surface
runoff. The result is a loss of the top-
soil needed to support plant growth
and less moisture available for the
plants that remain.

Diversion of Flow
Channelized flow (from stream

channels, ditches, ravines, or swales)
might need to be diverted, impoun-
ded, or otherwise controlled during
implementation of restoration measu-
res. In some cases, this need might be
temporary, until final grading is com-
plete or plantings have become esta-
blished. In other cases, the diversion
is a permanent part of the restoration.
Permanent facilities frequently repla-
ce temporary measures at the same lo-
cation but are often constructed of dif-
ferent materials.

Temporary dikes, lined or gras-
sed water-ways, or pipes can be used to

divert channelized flow. Runoff can also
be impounded in ponds or sediment
basins to allow sediment to settle out.

Most temporary measures are not
engineered and are constructed from
materials at hand. Dikes (ridges of soil
up to a few feet high) are compacted to
achieve some stability and are someti-
mes armored to resist erosion. They
are used to keep water from washing
over a newly graded or planted slope
where erosion is otherwise likely, and
to divert runoff into a natural or artifi-
cial channel. The loosened soil from
swales can be readily compacted into
an adjacent dike, improving the effi-
ciency and capacity of the runoff diver-
sion. Pipes or rock-lined ditches can
carry channelized water down a slope
that is steep enough to otherwise suf-
fer erosion; they can also be used to
halt erosion that has already occurred
from uncontrolled discharges. Flexi-
ble plastic pipe is most commonly used
in these situations, although the outlet
must be carefully located or well armo-
red with rocks or sandbags to avoid
merely shifting the point of erosion
farther down-slope.

Sediment ponds and traps are
basins either dug into the soil with a
rock-armored overflow or impounded
by an embankment with an outlet. A
fraction of the sediment carried by the
site runoff will settle out in the trap,
depending on the ratio of surface area
or storage volume to inflow rate. The
utility of sediment ponds may be limi-
ted depending on the sediment-trap-
ping efficiency. A sediment pond can
also release nearly as much sediment as
is ultimately trapped if the pond is not
built to handle maximum surface water
flows or is not maintained properly.

Several techniques are available
where the active streamflow must be
temporarily isolated from installation
activities. Most common are temporary
dams, constructed of sandbags, geotex-
tile fences, water control structures, or
sheet piles. All may be suitable in cer-
tain situations, but have drawbacks.
Sandbags are inexpensive, but submer-
ged burlap sacks rot quickly and the
sand used to fill them might not be
appropriate for the stream. Fabric fen-
ces can be used in conjunction with
sand-bags, but they will not withstand
high flows. Water control structures,
such as long water-filled tubes availa-
ble commercially, can be very effecti-
ve, but need ample lateral space and
carry a high initial cost. They also can
be swept away by high flows. Sheet
piles are effective if heavy equipment
is already on site, but their installa-
tion and removal can mobilize much
fine sediment.

Alternatively, water can be di-
verted into a bypass pipe, normally
made of large flexible plastic (unless
anticipated discharges are very great),
and the construction area can be kept
totally and reliably dry. A dam must be
constructed at the pipe inlet to shunt
the water, and an adequate apron of
nonerosive material must be provided
at the discharge. Both of these structu-
res can themselves lead to instream
damage, but with care the problems
are only temporary. Since fish passage
and migration are generally precluded
with such a diversion, its applicability
is limited.

In some situations unexpectedly
erosive conditions will demand better
outlet or channel protection than that
originally specified in the plans. Ero-
sion control in these settings might
require a thick blanket of angular rocks
and geotextiles (cloth, plastic grids, or
netting) used with plantings. New types
of geotextiles are becoming widely avai-
lable and can serve a wide range of
flow conditions. Where possible, chan-
nels and spillways should be stabili-
zed using soil bioengineering or other
appropriate techniques.

Installation of Plant Materials
Plant establishment is an impor-

tant part of most restoration initiati-

Figure 9.11: Track-roughened
area. Rough-textured slopes
provide a much better environ-
ment for seedlings than do
smooth-packed surfaces.
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ves that require active restoration.
Detailed local standards and specifi-
cations that describe planting techni-
ques and establishment procedures
should be developed. Native species
should be used where possible to achie-
ve the restoration goals. Vegetation can
be installed by seeding; planting vege-
tative cuttings; or using nursery-grown
bare-rooted, potted, and burlap-wrap-
ped specimens. If natural colonization
and succession is appropriate, techni-
ques may include controlling exotic
species and establishing an initial
plant community to hasten succession.

Timing
The optimum conditions for suc-

cessful plant installations are broad
and vary from region to region. As a
general rule, temperature, moisture,
and sunlight must be adequate for ger-
mination and establishment. In the
eastern and mid-western United Sta-
tes, these conditions are met begin-
ning in late winter or early spring, af-
ter ground thawing, and continuing
through mid-autumn. In the West, the
typical summertime dryness normally
limits successful seedings to late sum-
mer or early autumn. Where arid con-
ditions persist through most of the year,
plants and seedings must take advan-
tage of whatever rainfall occurs, typi-
cally in late autumn or winter, or sup-
plemental irrigation must be provided.
Because the requirements can vary so
much for different species, the local
supplier or a comprehensive referen-
ce text (e.g., Schopmeyer 1974, For-
dham and Spraker 1977, Hartmann
and Kester 1983, Dirr and Heuser
1987) should be consulted early in the
restoration design phase. If rooted stock
is to be propagated from seed before it
is planted at the restoration site, 1 to 2
years (including seed-collection time)
should be allowed.

Plants should be installed when
dormant for the highest rate of survi-
val. Survival is further influenced by

species used and how well they are
matched to site conditions, available
moisture, and time of installation. In
mild climates, the growth of roots oc-
curs throughout the winter, improving
survival of fall plantings. Where high
wintertime flows are anticipated, howe-
ver, first-season cuttings might not sur-
vive unless given some physical pro-
tection from scour. Alternatively, plan-
ting can occur in the spring before dor-
mancy ends, but supplemental irriga-
tion might be needed even in areas of
abundant summertime rainfall. Irri-
gation might be necessary in some re-
gions of the country to ensure succes-
sful establishment of vegetation.

Acquisition
Native plant species are prefer-

red over exotic ones, which might re-
sult in un-foreseen problems. Some
plant materials can be obtained from
commercial sources, but many will need
to be collected. When attempting to
restore native plant communities, it is
desirable to use appropriate ge-
notypes. This requires the collection
of seeds and plants from local sources.
Early contact with selected sources of
rooted stock and seed can ensure that
appropriate species in adequate quan-
tities will be available when needed.

The site itself might also be a
good source of salvageable plants. Live
cuttings can be collected from healthy
native vegetation at the donor site.
Sharp, clean equipment must be used
to harvest the plant material. Vegeta-
tion is normally cut at a 40 to 50 de-
gree angle using loppers, pruners, or
saws. If the whole plant is being used,
the cut is made about 10 inches above
the ground, which encourages rapid
regeneration in most species. Cuttings
typically range from 0.4 to 2 inches in
diameter and 2 to 7 feet long.

After harvesting, the donor site
should be left in a clean condition.
This will avoid the potential for lan-
downer complaints and facilitate po-
tential reuse of the site at some time in
the future. Large unused material can
be cut for firewood, piled for wildlife
cover, or scattered to hasten decompo-
sition. Any diseased material should
be burned, per local ordinances.

Transportation and Storage
The requirements for the tran-

sport and storage of plant materials
vary, depending on the type of mate-
rial being used. Depending on spe-
cies, seeds may require a minimum
period of dormancy of several weeks or
months, with specific temperature re-
quirements during that time. Some
seeds may also require scarifying or
other special treatment. Nurseries that
specialize in native plants are recom-
mended because they should be cogni-
zant of any special requirements. Al-
though the necessary information for
any chosen species should be readily
available from local seed sources or
agricultural extension offices, this in-
terval must be recognized and accoun-
ted for in the overall implementation
schedule.

Live cuttings present rather se-
vere limitations on holding time. In
most cases, they should be installed on
the day they are harvested, unless re-
frigerated storage areas are secured.
Thus, donor sites must be close to the
restoration site, and access and tran-
sportation must be orchestrated to coin-
cide with the correct stage of construc-
tion. Live cuttings should be tied in
manageable bundles, with the cut ends
all lying in the same direction. Since
drying is the major threat to survival at
this stage, cuttings should be covered
with damp burlap during transport
and storage (Figure 9.12). They should
always be shaded from direct sun. On
days with low humidity and tempera-
tures above 60 degrees Fahrenheit, the
need for care and speed is particularly
great. Where temperatures are below
this level, “day-after” installation is
acceptable, although not optimal. Any
greater delay in installation will re-
quire refrigeration, reliably cold wea-
ther on site, or storage in water.

Rooted stock is also prone to
drying, particularly if pots or burlap-
wrapped roots are exposed to direct
sun. Submergence of the roots in water
is not recommended for long periods,
but 1 to 2 hours of immersion imme-
diately prior to planting is a common
practice to ensure the plant begins its
in-place growth without a moisture de-
ficit. On-site storage areas should be
chosen with ample shade for pots. Bare-

Plant establishment is an impor-
tant part of most restoration ini-
tiatives that require active resto-
ration.
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rooted or burlap-wrapped stock should
be heeled into damp ground or mulch
while awaiting final installation.

Planting Principles
The specific types of plants and

plant installations are generally speci-
fied in the construction plans and the-
refore will have been determined long
before implementation. A project ma-
nager or site foreman should also know
the basic installation principles and
techniques for the area.

The type of soil used should be
determined by the types of plants to be
supported. Ideally, the plants have been
chosen to match existing site condi-
tions, so stockpiled topsoil can be used
to cover the plant material following
layout. However, part of the rehabili-
tation of a severely disturbed site mi-
ght require the removal of unsuitable
topsoil or the import of new topsoil. In
these situations, the requirements of
the chosen plant species should be de-
termined carefully and the soil procu-
red from suitable commercial or field
sites that have no residual chemicals
and undesirable plant species.

When using seeds, planting
should be preceded by elimination of
competing plants and by preparation
of the seedbed (McGinnies 1984). The
most common methods of seeding in a
restoration setting are hand broadca-
sting and hydroseeding. Hydroseeding
and other methods of mechanical see-
ding might be limited by vehicular ac-
cess to the restoration site.

When using either cuttings or
rooted stock, the soil and the roots must
make good contact. This requires com-
paction of the soil, either by foot or by

equipment, to avoid air pockets. It also
requires that the soil be at the right
moisture content. If it is too dry (a rare
condition), the soil particles cannot
“slip” past each other to fill in voids. If
it is too wet (far more common, espe-
cially in wetland or riparian environ-
ments), the water cannot squeeze out
of the soil rapidly enough to allow com-
paction to occur.

Another aspect to consider is that
quite frequently after planting, the re-
sulting soil is too rough and loose to
support vigorous seed growth. The rou-
ghness promotes rapid drying, and the
looseness yields poor seed-to-soil con-
tact and also erratic planting depths
where mechanical seed drills are used.
As a result, some means of compaction
should be employed to return the soil
to an acceptable state for planting.

Special problems may be en-
countered in arid or semiarid areas
(Anderson et al. 1984). The salt con-
tent of the soil in these settings is criti-
cal and should be tested before plan-
ting. Deep tillage is advisable, with
holes augured for saplings extended
to the water table if at all possible.
First-year irrigation is mandatory; on-
going fertilization and weeding will
also improve survival.

Competing Plants
Although a well-chosen and esta-

blished plant community should re-
quire no human assistance to main-
tain vigor and function, competition
from other plants during establishment
might be a problem. Competing plants
commonly do not provide the same
long-term benefits for stability, erosion
control, wildlife habitat, or food sup-

ply. The restoration plan therefore
must include some means to suppress
or eliminate them during the first year
or two after construction.

Competing plants may be con-
trolled adequately by mechanical me-
ans. Cutting the top growth of compe-
ting plants can slow their development
long enough for the desired plants to
become established. Hand weeding is
also very effective, although it is usual-
ly feasible only for small sites or those
with an ongoing source of volunteer
labor.

Unfortunately, some species can
survive even the most extreme mecha-
nical treatment. They will continue to
reemerge until heavily shaded or
crowded out by dense competing stan-
ds. In such cases the alternatives are
limited. The soil containing the roots
of the undesired vegetation can be exca-
vated and screened or removed from
the site, relatively mature trees can be
planted to achieve near-instantaneous
shading, or chemical fertilizers or her-
bicides can be applied.

Use of Chemicals
In situations where mechanical

controls are not enough, the applica-
tion of fertilizers and the use of herbi-
cides to suppress undesirable compe-
ting species may be necessary.

Herbicides can eliminate unde-
sirable species more reliably, but they
may eliminate desirable species. The-
ir use near watercourses may also be
severely curtailed by local, state, and
federal permit requirements. Several
herbicides are approved for near-stre-
am use and degrade quickly, but their
use should be considered a last resort
and the effects of excessive spray or
overspray carefully controlled.

If herbicide use is both advisa-
ble and permitted, the specific choice
is based first on whether the herbicide
is absorbed by the leaves or by the
roots (e.g., Jacoby 1987). The most com-
mon foliar-absorbed herbicide is 2,4-
D, manufactured by numerous compa-
nies and particularly effective on broa-
dleaf weeds and some shrubs. Other
foliar herbicides have become availa-
ble more recently and are commonly
mixed with 2,4-D for broad-spectrum
control. Root-absorbed herbicides are

Figure 9.12: Live cuttings
covered with damp burlap
to prevent drying during
transport. Drying is a major
threat to survival of live cut-
tings during transport and
storage.
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either sprayed (commonly mixed with
dye to show the area of application) or
spread in granular form. They persist
longer than most foliar herbicides, and
some are formulated to kill newly sprou-
ted weeds for some time after applica-
tion. Since herbicides and fertilizers
may be problematic near surface wa-
ter, they should be used only if other
alternatives are not available.

Mulches
Mulching limits surface erosion,

suppresses weeds, retains soil moistu-
re, and can add some organic material
to the soil following decomposition. A
variety of mulches are available with
different benefits and limitations, as
shown in Table 9.1.

Organic mulches, particularly
those based on wood (chips or sawdust),
have a high nitrogen demand because
of the chemical reactions of decompo-
sition. If nitrogen is not supplied by
fertilizers, it will be extracted from the
soil, which can have detrimental ef-
fects on the vegetation that is mulched.
Certain species of wood, such as red-
wood and cedar, are toxic to certain
species of seedlings and should not be
used for mulch.

Straw is a common mulch applied
on construction and revegetation sites
because it is inexpensive, available,
and effective for erosion control. Ap-
propriate application rates range from
about 3,000 to 8,000 lb/acre. Straw
can be spread by hand or broadcast by
machine, although uniform application
is difficult in windy conditions. Straw
must be anchored for the same reason:
it is easily transported by wind. It can

be punched or crimped into the soil
mechanically, which is rapid and
inexpensive, but requires high appli-
cation rates. It can be covered with jute
or plastic netting, or it can be covered
with a sprayed tackifier (usually asphalt
emulsion at rates of about 400 gal/
acre).

Straw or hay can also be a source
of undesirable weed seed and should
be inspected prior to application.

Wood fibers provide the primary
mechanical protection in hydraulic
mulches (usually applied during hydro-
seeding). Rates of 1 to 1.5 tons/acre
are most effective. They can also be
applied as the tackifier over straw at
about one-third the above rate. Hydrau-
lic mulches are adequate, but not as
effective as straw, for controlling ero-
sion in most settings. However, they
can be applied on slopes steeper than
2:1, at distances of 100 feet or more,

and in the wind. On typical earthmo-
ving and construction projects, they are
favored because of the speed at which
they can be applied and the appearan-
ce of the resulting slope—tidy, smooth,
and faintly green. The potential draw-
backs—introducing fertilizers and fo-
reign grasses that are frequently mixed
into hydraulic mulches—should be ca-
refully evaluated.

An appropriate mulch in many
restoration settings is a combination
of straw and organic netting, such as
jute or coconut fibers (Figure 9.13). It
is the most costly of the commonly used
systems, but erosion control and moi-
sture retention are highly effective, and
the problems with undesirable seeds
and excess fertilizers are reduced. The
value of an effective mulch to the final
success of an initiative is generally well
in excess of its cost, even when the
most expensive treatment is used.

Mulch Benefits Limitations
Chipped
wood

Readily available; inexpensive;
judged attractive by most

High nitrogen demand; may inhibit
seedlings; may float offsite in surface
runoff

Rock May be locally available and
inexpensive

Can inhibit plant growth; adds no
nutrients; suppresses diverse plant
community; high cost where locally
unsuitable or unavailable

Straw or
hay

Available and inexpensive; may
add undesirable seeds

May need anchoring; may include
undesirable seeds

Hydraulic
mulches

Blankets soil rapidly and
inexpensively

Provides only shallow-rooted grasses,
but may out compete woody
vegetation

Fabric mats Relatively (organic) or very
(inorganic) durable; works on
steep slopes

High costs; suppresses most plant
growth; inorganic materials harmful to
wildlife

Commercial
compost

Excellent soil amendment at
moderate cost

Limited erosion-control effectiveness;
expensive over large areas

Table 9.1: Types of mulches.
Since herbicides and fertilizers
may be problematic near sur-
face-water, they should be used
only if other alternatives are not
available.

Figure 9.13: A well-
mulched site. Mulching is
an effective method for im-
proving the final outcome
of stream corridor restora-
tion.

The value of an effective mulch to
the final success of an initiative
is generally well in excess of its
cost, even when the most expen-
sive treatment is used.
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Irrigation
In any restoration that involves

replanting, the need for irrigation
should be carefully evaluated. Irriga-
tion might not be needed in wetland
and near-stream riparian sites or whe-
re rainfall is well distributed throu-
ghout the year. Irrigation may be es-
sential to ensure success on upland
sites, in riparian zones where seasonal
construction periods limit installation
to dry months, or where a wet-weather
planting may have to endure a first-
year drought. Initial costs are lowest
with a simple overhead spraying sy-
stem. Spray systems, however, have
inefficient water delivery and have
heightened potential for vandalism.
Drip-irrigation systems are therefore
more suitable at many sites (Goldner
1984). There is also a greater poten-
tial for undesirable species with spray
irrigation since the area between indi-
vidual plants receives moisture.

Fencing
If the plant species chosen for

the site are suitable, little or no spe-
cial effort will be necessary for survi-
val and establishment. During the ini-
tial construction and postconstruction
phases, however, plants will commonly
need some measure of physical protec-
tion. Construction equipment, work
crews, onlookers, grazing horses and
cattle, and browsing deer and other
herbivores can reduce a new plant in-
stallation to barren or crushed twigs in
very short order. Vandalism is also a
potential problem in populated areas.
Fencing is an effective, low-cost method
to provide physical protection from the-
se types of hazards and should be in-
cluded in virtually any restoration.

The type of fencing should be
chosen for the type of hazard anticipa-
ted. Inexpensive, fluorescent orange
plastic fencing is very effective for con-
trolling people and equipment during
construction, but it rarely makes a sui-
table long-term barrier. Domestic catt-
le can be controlled by a variety of
wood and wire fences (Figure 9.14).
Depending on the density of grazing
animals, these fences are best assu-
med to be permanent installations and
their design chosen accordingly.
Electric fences can also be effective,
and the higher cost of the electrifica-
tion equipment can be offset by lower
costs for materials and installation.
Where deer are a known problem, fen-
cing must be robust, but it probably
will not need to remain in place per-
manently after well-chosen plants have
matured. Damage from small mammals
may be halted with chicken wire alone,
surrounding individual saplings, or
below-ground collars. Individual wire
cages or other control devices might be
necessary to protect trees.

Inspection

Frequent, periodic inspection of
work, whether done by a landowner,
contractor, volunteer group, or govern-
ment personnel, is mandatory. Defects
such as poor planting methods, stres-
sed plant materials, inadequate soil
compaction, or sloppy erosion control,
may become evident only weeks or
months after completion of work un-
less the activities on the site are regu-
larly reviewed. Some of those activi-
ties may require specialized testing,
such as the degree of compaction of a

fill slope. Most require little more than
observations by an inspector familiar
with all elements of the design.

In the case of contracted work, it
is the responsibility of the construc-
tion inspector to monitor installation
activities to ensure that the contractor
completes work according to the con-
tract plans and specifications. At key
points during construction, the ins-
pector should consult with clients and
design team(s) for assistance. The ins-
pector should create comprehensive
documentation of the construction hi-
story in anticipation of any future au-
dit or quantity dispute. All inspections
should result in a written record that
includes at least the information shown
in Figure 9.15.

Daily and weekly reports are in-
valuable to maintain clear communi-
cation about billable days, progress,
and anticipated problems. These writ-
ten reports establish the authority to
release payment to the contractor and
provide the main documentation in
case of a dispute between the client
and contractor. Completeness, timeli-
ness, and clarity of documentation are
critical.

Inspection of restoration elemen-
ts that involve management actions
(i.e., land-use controls, grazing restric-
tions, etc.) require follow-up communi-
cation with the resource manager or
landowner. A review of the action again-

Figure 9.14: A permanent
livestock fence. Fencing is
an effective, low-cost meth-
od of providing physical
protection to restoration
sites.

Figure 9.15: Sample of an inspector’s daily
report. Frequent, periodic inspection is a
mandatory part of restoration implementa-
tion.
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st the plan and applicable standards
should be conducted. For example, ro-
tational grazing may be a critical plan
element to achieve restoration of the
stream corridor. Inspection of this plan
element would involve a review of the
rotation scheme, condition of indivi-
dual pastures or ranges, and condition
of fencing and related watering devi-
ces.

Keep in mind that although plans
and specifications should be specific
to the conditions of the site, they might
have been developed from generic sets
or from those implemented elsewhere.

On-Site Inspection
Following Installation

The final inspection after instal-
lation determines the conditions un-
der which the contractor(s) can be paid
and the contract finalized. It must oc-
cur promptly and should determine
whether all elements of the contract
have been fulfilled satisfactorily. Be-
fore scheduling this final inspection,
the project manager and inspector, to-
gether with any other necessary mem-
bers of the restoration team, inspect
the work and prepare a list of all items
requiring completion by the contractor.
This “pre-final” inspection is in fact
the most comprehensive review of the
work that will occur, so it must be con-
ducted with care and after nearly all of
the work has been completed. The fi-
nal inspection should occur with re-
presentatives of both the client and
the contractor present after comple-
tion of all required work and after site
cleanup, but before equipment is re-
moved from the site to facilitate addi-
tional work if necessary. It must ad-
dress removal of protection measures
no longer needed, such as silt fences.

These are an eyesore and might inhi-
bit restoration. A written report should
state the complete or provisional ac-
ceptance of the work, the basis on whi-
ch that judgment has been made, and
any additional work that is needed
prior to final acceptance and payment.

Follow-up Inspections
Planning for successful imple-

mentation should always look beyond
the period of installation to the much
longer interval of plant establishment.
Twelve or more additional site visits
are advisable over a period of many
months or years. Such inspections will
generally require a separate budget
item that must be anticipated during
restoration planning. If they are inclu-
ded in the specifications, they may be
the responsibility of the contractor. A
sample inspection schedule is shown
in Table 9.2. Although this level of
activity after installation might seem
beyond the scope of a project, any re-
storation work that depends on the
growth of vegetation will benefit grea-
tly from periodic review, particularly
during the first two years.

Documentation of follow-up ins-
pections is important, both to justify
recommendations and to provide a re-
cord from which chronic problems can
be identified. Documentation can in-
clude standard checklists, survey data,
cross sections, data sheets, data sum-
maries, and field notes. Sketches, maps,
and permanent photo points can be
used to document vegetation develop-
ment. Videotape can be particularly
useful to document the performance of
structures during various flows, to il-
lustrate wildlife use and floodplain sto-
rage of floodwaters, and otherwise to
record the performance and functions

of the corridor system.
Inspection reports are primarily

intended to address maintenance is-
sues. Problems discovered in the ins-
pection process should be documen-
ted in a report that details deficien-
cies, recommends specific maintenan-
ce, and explains the consequences of
not addressing the problems. Postplan-
ting inspections to ensure survival re-
quire documentation and immediate
action. Consequently, the reporting and
response loop should be simple and
direct so that inspections indicating
the need for emergency structural re-
pairs can be reported and resolved
without delay.

General Inspection
To the extent feasible, the entire

stream corridor should be inspected
annually to detect areas of rapid bank
erosion or debris accumulation (Figu-
re 9.16). A general inspection can also
identify inappropriate land uses, such
as encroachments of roads near banks
or uncontrolled irrigation water retur-
ns, that might jeopardize restoration
measures, affect water quality, or othe-
rwise interfere with restoration objec-
tives. The integrity of fences, water ac-
cess, crossings, and other livestock con-
trol measures should be inspected (Fi-
gure 9.17). Lack of compliance with
agreed-upon best management practi-
ces should be noted as well. Aerial
photos are particularly useful in the

Time Since
Installation

Inspection
Interval

2 Months 2 weeks (4 total)
6 Months 1 month (5 total)
2 Years 6 months (3 total)

Table 9.2: Sample inspection schedule.

Figure 9.16: Flood de-
bris. The entire corri-
dor should be inspect-
ed annually to detect
areas of debris accu-
mulation from flood
flows.

Figure 9.17: Fencing.
The integrity of fenc-
ing should be inspect-
ed periodically.
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overview inspection, but inspections
by boat or on foot can be more informa-
tive in many cases.

Bank and Channel Structures
Special inspections should be

conducted following high flows, parti-
cularly after the first flood event fol-
lowing installation. Soil bioenginee-
ring measures should be assessed du-
ring prolonged drought and immedia-
tely after high flows during the first
few years following installation until
the system is well established.

Most routine inspections of bank
and channel measures should be con-
ducted during low-water conditions to
allow viewing of the measure as well as
channel bed changes that might threa-
ten its future integrity. This is particu-
larly true of bank stabilization works
where the principal mechanism of
bank failure is undermining at the toe.
A low water inspection should involve
looking for displaced rock, settling or
tilting, undermining, and similar pro-
blems (Johnson and Stypula 1993).

In the past, bank stabilization
measures were routinely cleared of ve-
getation to facilitate inspection and
prevent damage such as displacement
of rock by trees uprooted from a revet-
ment during a flood. However, eviden-
ce that vegetation compromises revet-
ment integrity has not been documen-
ted (Shields 1987, 1988). Leaving ve-
getation in place or planting vegeta-
tion through rock blankets has been
encouraged to realize the environmen-
tal benefits of vegetated streambanks.
Consequently, agencies have modified
inspection and maintenance guideli-
nes accordingly in some areas.

Vegetation
Streambanks that have been sta-

bilized using plantings alone or soil
bioengineering techniques require in-
spections, especially in the first year or
two after planting (Figure 9.18). It is
important that the planted material
be checked frequently to ensure that
the material is alive and growing sati-
sfactorily. Any dead material should
be replaced and the cause of mortality
determined and corrected if possible.
If the site requires watering, rodent
control, or other remedial actions, the
problem must be detected and resol-
ved immediately or the damage may
become severe enough to require ex-
tensive or complete replanting. Com-
petition from weeds should be noted if
it is likely to suppress new plantings. If
nonnative plants capable of invading
and outcompeting native species are
known to be present in the area, both
plantings and existing native vegeta-
tion should be inspected. Any newly
established nonnative populations
should be eradicated quickly.

After the first growing season,
semi-annual to annual evaluations
should be sufficient in most cases. At
the end of a 2-year period, 50 percent
or more of the originally installed plant
material should be healthy and growing
well (Figure 9.19). If not, determining
the cause of die-off and subsequent
replanting will probably be necessary.
If the installation itself is determined
to have been improper, any warranty
or dispute- resolution clauses in the
plant installation contract might need
to be invoked.

The effectiveness of bank pro-
tection is based largely on the develop-
ment of the plants and their ability to
bind soils at moderate flow velocities.
The bank protection measures should
be inspected immediately after high-
flow events in the first few years, parti-

cularly if the plantings have not fully
established. Washouts, slumping of
geogrids, and similar problems requi-
re detection and correction, since they
might become the sites of further dete-
rioration and complete failure if left
uncorrected.

Floodplain and other off-chan-
nel plantings might be important com-
ponents of the corridor restoration plan
as well. Inspection requirements are
similar to those on streambank sites
but are less critical to the integrity of
the project in terms of preventing ad-
ditional damage. Nevertheless, seve-
ral site visits are appropriate during
the first growing season to detect pro-
blems due to browsing, insects, too
much or too little water, and other cau-
ses. Inspection of plantings that requi-
re irrigation during establishment, as
well as of the irrigation system, may be
needed on a weekly or more frequent
basis.

Techniques for inspecting vege-
tation survival are fairly strai-
ghtforward. Satisfactory survival rates
may be determined using stem counts
within sample plots or estimates of co-
ver percentages, depending on the
purpose of the plantings. For example,
Johnson and Stypula (1993) suggest
that woody plantings established for
streambank protection should not in-
clude open spaces more than 2 feet in
dimension. In most cases, such criteria
can be established in advance based
on common-sense decisions regarding
the adequacy of establishment relati-
ve to the objectives. Where more detai-
led monitoring is appropriate to docu-
ment development of habitat quality
or similar objectives, more rigorous
monitoring techniques can be used.
(See Section 9.B).

Figure 9.18: Revegetation
project. It is important that the
planted material be inspected fre-
quently to ensure that it is alive
and growing satisfactorily.

Figure 9.19: Revegetation
project, 1 to 2 years postcon-
struction. At the end of a 2-year
period, 50 percent or more of
the original plantings should be
healthy and growing well.
Source: King County, Wash-
ington.
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Urban Features
Stream corridor objectives may

require periodic inspections of featu-
res other than the stream, streambank,
and corridor vegetation. In urban are-
as, these features may be a major focus
of the inspection program. Facilities,
nest boxes, trails, roads, storm water
systems, and similar features must be
inspected to ensure they are in sati-
sfactory condition and are not contri-
buting to degradation of the stream
corridor. Access points required to ac-
complish maintenance and emergency
repairs should be checked for service-
ability. Popular public use areas, par-
ticularly stream access points, should
be evaluated to determine whether
measures are being damaged, erosion
is being initiated, or project objectives
are otherwise being impeded. Inspec-
tion should reveal whether signs, trail
closures, and other traffic-control mea-
sures are in place and effective. Trash
and debris dumping, off-road vehicle
damage, vandalism, and a wide variety
of other detrimental occurrences may
be noted during routine inspections.

Maintenance

Maintenance encompasses those
repairs to restoration measures which
are based on problems noted in an-
nual inspections, are part of regularly
scheduled upkeep, or arise on an emer-
gency basis.
• Remedial maintenance is triggered

by the results of the annual inspec-
tion (Figure 9.20). The inspection
report should identify and priori-
tize maintenance needs that are not
emergencies, but that are unlikely

to be addressed through normal
scheduled maintenance.

• Scheduled maintenance is per-
formed at intervals that are prees-
tablished during the design phase
or based on project-specific needs.
Such maintenance activities as
clearing culverts or regrading roads
can be anticipated, scheduled, and
funded well in advance. In many
instances, the scheduled mainte-
nance fund can be a tempting source
for emergency funds, but this can
result in neglect of routine mainte-
nance, which may eventually pro-
duce a new, more costly, emergen-
cy.

• Emergency maintenance requires
immediate mobilization to repair
or prevent damage. It may include
measures such as replacement of
plants that fail to establish in a soil
bioengineered bank stabilization,
or repair of a failing revetment.
Where there is a reasonable proba-
bility that repair or replacement
might be required (e.g., anything
that depends on vegetation estab-
lishment), sources of funding, la-
bor, and materials should be iden-
tified in advance as part of the con-
tingency planning process. Howev-
er, there should be some general
strategy for allowing rapid response
to any emergency.

Many maintenance actions will
require permits, and such requiremen-

ts should be identified well in advance
to accommodate permitting delays. Si-
milarly, access to areas likely to requi-
re maintenance (e.g., bank stabiliza-
tion structures) should be guaranteed
at the time of construction, and the
serviceability of access roads verified
periodically.

Various agencies and utilities
may have maintenance responsibilities
that involve portions of the stream cor-
ridor, such as road and transmission
line crossings. This work should be
coordinated as necessary to ensure the-
re are no conflicts with corridor objec-
tives.

Channels and Floodplains
Corridor restoration that inclu-

des reconfiguration of the channel and
floodplain may require remedial ac-
tion if the system does not perform as
expected in the first few years after
work has been completed. Any repairs
or redesign, however, should be based
on a careful analysis of the failure.
Some readjustment is to be expected,
and a continuing dynamic behavior is
fundamental to successful restoration.
Because establishment of a dynamic
equilibrium condition is usually the
intent, maintenance should be limited
to actions that promote self-sustaina-
bility.

Many traditional channel main-
tenance actions may be inappropriate
in the context of stream corridor resto-
ration. In particular, removal of woody
debris may be contrary to restoration
objectives (Figure 9.21). Appropriate
levels of woody debris loading should
be a design specification of the project,
and the decision to remove or reposi-
tion particular pieces should be based

Figure 9.20: Remedi-
al maintenance. Soil
bio-engineering used
to repair failing revet-
ment.

FAST FORWARD
Preview Section 9.B, Monitoring
Techniques Appropriate for Evalu-
ation Restoration.

Figure 9.21: Accu-
mulated woody de-
bris. Removal of
woody debris may
be contrary to resto-
ration objectives.
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on specific concerns, such as unaccep-
tably accelerated bank erosion due to
flow deflection, creation of ice jams
causing an increased chance for floo-
ding, or concerns about safety in stre-
ams with high recreational use. In ca-
ses where woody debris sources have
been depleted, periodic addition of
debris may be a prescribed mainte-
nance activity. (See next page for story
on engineered log jams.)

Protection/Enhancement
Measures

Measures intended to enhance
fish habitat, deflect flows, or protect
banks are likely to require periodic
maintenance. If failure occurs soon af-
ter installation, the purpose and desi-
gn of the measure should be reevalua-
ted before it is repaired, and the mecha-
nism of failure should be identified.
Early failure is an inherent risk of soil-
bioengineered systems that are not fully
effective until the plants are well roo-
ted and the stems reach a particular
size and density. Although a design
weakness may be identifiable and
should be corrected, more often the
mechanism of failure will be that the
measure has not yet developed full re-
sistance to high-flow velocities or satu-
ration of bank soils. Replanting should
be an anticipated potential maintenan-
ce need in this situation.

In many stream corridor restora-
tion areas, the intent of streambank
and channel measures is to provide
temporary stabilization until riparian
vegetation develops and assumes tho-
se functions. In such cases, maintenan-
ce of some structures might become
less important over time, and they mi-
ght eventually be allowed to deteriora-
te. They can be wholly or partially re-
moved if they represent impediments
to natural patterns of channel migra-
tion and configuration, or if some com-
ponents (cables, stone, geofabrics) be-
come hazards.

Vegetation
Routine maintenance of vegeta-

tion includes removal of hazardous tre-
es and branches that threaten safety,
buildings, fences, and other structu-
res, as well as maintenance of vegeta-
tion along road shoulders, trails, and

similar features.
Planted vegetation may require

irrigation, fertilization, pest control,
and similar measures during the first
few years of establishment. In large-
scale planting efforts, such as flood-
plain reforestation efforts, maintenan-
ce may be precluded. Occasionally, re-
planting will be needed because of
theft.

Maintenance plans should anti-
cipate the need to replant in case soil-
bioengineered bank protection struc-
tures are subjected to prolonged high
water or drought before the plants are
fully established. Techniques using
numerous cuttings establish successful-
ly, it might be desirable to thin the
dense brush that develops to allow par-
ticular trees to grow more rapidly, es-
pecially if channel shading is a resto-
ration objective. Often, bank protec-
tion measures become popular points
for people to access the stream (for
fishing, etc.). Plantings can be physi-
cally removed or trampled. Replanting,
fencing, posting signs, or taking other
measures might be needed.

Other Features
A wide variety of other restora-

tion features will require regular main-
tenance or repair. Rural restoration
efforts might require regular mainte-
nance and periodic major repair or re-
placement of fences and access roads
for management and fire control. Pu-
blic use areas and recreational facili-
ties require up-keep of roads, trails,
drainage systems, signs, and so forth
(Figure 9.22). Maintenance of urban
corridors may be intensive, requiring

trash removal, lighting, and other ste-
ps. An administrative contact should
be readily available to address pro-
blems as they develop. As the level of
public use increases, contracting of
maintenance services might become
necessary, and administration of main-
tenance duties will become an increa-
singly important component of corri-
dor management.

Restoration measures placed to
benefit fish and wildlife (e.g., nest bo-
xes and platforms, waterers) need an-
nual cleaning and repair. These main-
tenance activities can be as time-con-
suming as the original installation, and
structures that are in bad condition
might draw public attention and criti-
cism. The maintenance commitment
should be recognized before such struc-
tures are installed. Special wildlife
management units, such as moist-soil-
management impoundments and gre-
en-tree reservoirs, require close atten-
tion to be managed effectively.

Flooding and drawdown schedu-
les must be fine-tuned based on site-
specific conditions (Fredrickson and
Taylor 1982). Special equipment mi-
ght be needed to maintain levees, to
work on soft ground, to repair draina-
ge structures, and to pump out facili-
ties, all of which might incur substan-
tial fuel costs. The maintenance needs
in these kinds of situations require
that professional resource managers
be on site regularly. Not operating the
restoration attentively can create nui-
sance or hazardous conditions, have
severe detrimental effects on existing
resources, and fail to produce the desi-
red results.

Figure 9.22: Streamside trail.
Public use areas and recreation-
al facilities require upkeep of
roads, trails, and signs.
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Mosquito control may also be a
maintenance concern near inhabited
areas, particularly if the restoration
encourages the development of slack-

water areas, such as beaver ponds,
backwaters, and floodplain depres-
sions. In some cases, control techni-
ques may directly interfere with resto-

ration objectives, but threats to people
and livestock might make them neces-
sary.

9.B Monitoring Techniques Appropriate for Evaluating Restoration

As discussed in Chapter 6, the
completion of implementation does not
mark the end of the restoration pro-
cess. Restoration practitioners must
plan for and invest in the monitoring
of stream corridor restoration. The type
and extent of monitoring will depend
on specific management objectives de-
veloped as a result of stream corridor
characterization and condition analy-
sis. Monitoring may be conducted for a
number of different purposes inclu-
ding:
• Performance evaluation: Assessed in

terms of project implementation
and ecological effectiveness. Eco-
logical relationships used in moni-
toring and assessment are validat-
ed through collection of field data.

• Trend assessment: Includes longer
term sampling to evaluate chang-
ing ecological conditions at vari-
ous spatial and temporal scales.

• Risk assessment: Used to identify
causes and sources of impairment
within ecosystems.

• Baseline characterization: Used to
quantify ecological processes oper-
ating in a particular area.

This section examines monito-
ring from the perspective of evalua-
ting the performance of a restoration
initiative. Such initiatives seek to re-
store the structure and functions di-
scussed in earlier chapters. Designing
a monitoring program that directly re-
lates to those valued functions requi-
res careful planning to ensure that a
sufficient amount of information is col-
lected. Such monitoring uses measure-
ments of physical, biological, and che-
mical parameters to evaluate the effec-

tiveness of the restoration and to faci-
litate adaptive management where ne-
eded. Sampling locations, measure-
ments to be made, techniques to be
used, and how the results will be analy-
zed are important considerations in
monitoring.

Adaptive Management

The implementation, effective-
ness, and validation components of
performance monitoring provide a vehi-
cle to determine the need for adaptive
management. Adaptive management is
the process of establishing checkpoin-
ts to determine whether proper actions
have been taken and are effective in
providing desired results. Adaptive
management provides the opportunity
for course correction through evalua-
tion and action.

Implementation Monitoring

Implementation monitoring an-
swers the question, “Were restoration
measures done and done correctly?”
Evaluating the effectiveness of resto-
ration through physical, biological,
and/or chemical monitoring can be
time-consuming, expensive, and tech-
nically challenging. Time and partner-
ships are needed to build the capabili-
ty for evaluating project effectiveness
based on changes in ecological condi-
tion. Therefore, an important interim
step to this goal is implementation
monitoring. This comparatively sim-
ple process of documenting what was
done and whether or not it was done
properly can yield valuable informa-

tion that promotes refinement of resto-
ration practices.

Effectiveness Monitoring

Effective monitoring answers the
question “Did restoration measures
achieve the desired results?” or more
simply “Did the restoration initiative
work?” Effectiveness monitoring eva-
luates success by determining whether
the restoration had the desired effect
on the ecosystem. Monitoring variables
focus on indicators that document
achievement of desired conditions and
are closely linked with project goals. It
is important that indicators selected
for effectiveness monitoring are sensi-
tive enough to show change, are mea-
surable, are detectable and have stati-
stical validity. This level of monito-
ring is more time-consuming than im-
plementation monitoring, making it
more costly. To save time and money,
monitoring at this level is usually per-
formed on a sample population or por-
tion of a project with results extrapola-
ted to the whole population.

Validation Monitoring

Validation monitoring answers
the question “Are the assumptions
used in restoration design and cause-
effect relationships correct?” Valida-
tion monitoring considers assumptions
made during planning and execution
of restoration measures. This level of
monitoring is performed in response
to nonachievement of desired results
once proper implementation is confir-
med. A restoration initiative that fails
to achieve intended results could be
the result of improper assumptions
relative to ecological conditions or se-
lection of invalid monitoring indica-
tors. This level of monitoring is always
costly and requires scientific expertise.

REVERSE
Review previous chapters for an
introduction to the restoration of
stream corridor structure and func-
tions.

Adaptive management provides
the opportunity or course correc-
tion through valuation and action.
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Most riverbank protection measures are not designed to
improve aquatic or riparian habitat, and many restoration
initiatives lack sufficient engineering and geomorphic
analysis to effectively restore natural functions of riparian
and aquatic ecosystems. The ecological importance of
instream woody debris (WD) has been well documented.
Woody debris within a stream can often influence the
instream channel structure by increasing the occurrence
of pools and riffles. As a result, streams with WD typically
have less erosion, slower routing of organic detritus (the
main food source for aquatic invertebrates), and greater
habitat diversity than straight, even-gradient streams with
no debris. Woody debris also provides habitat cover for
aquatic species and characteristics ideally suited for fish
spawning.
Reintroduction of WD (or log jams) in many parts of the
United States has been extensive, but limited understand-
ing of WD stability has hampered many of these efforts.
Engineered log jams (ELJs) can restore riverine habitat
and in some situations can provide effective bank protec-
tion (Figure 9.23). Although WD is often considered a haz-
ard because of its apparent mobility, research in Olympic
National Park has documented that stable WD jams can
occur throughout a drainage basin (Abbe et al. 1997).
Even in large alluvial channels that migrate at rates of 30 ft./
yr, jams can persist for centuries, creating a mosaic of sta-
ble sites that in turn host the large trees necessary to initiate
stable jams. Engineered log jams are designed to emulate
natural jams and can meet management or restoration
objectives such as bank protection and debris retention.
After learning about the uncertainty and potential risks of
creating man-made log jams, landowners near Packwood,
Washington, decided the potential environmental, eco-
nomic, and aesthetic benefits outweighed the risks. An
experimental project consisting of three ELJs was imple-
mented to control severe erosion along 1,400 ft. of the
upper Cowlitz River. The channel at the site was 645 ft.
wide and had an average bank erosion rate of 50 ft./yr
from 1990 to 1995. Five weeks after constructing the log
jams, the project experienced a 20-year recurrence flow

(30,000 ft.3 /s). Each ELJ remained intact and met design
objectives by transforming an eroding shoreline into a
local depositional environment (i.e., accreting shoreline).
Approximately 93 tons of WD that was in transport during
the flood was trapped by the ELJs, alleviating downstream
hazards and enhancing structure stability. Improvements
in physical habitat included creation of complex scour
pools at each ELJ (Abbe et al. 1997).
Landowners have been delighted by the experiment. The
ELJs have remained intact, increased in size, and re-
claimed some of the formerly eroded property even after
being subjected to major floods in February 1996 and
March 1997. When compared to traditional bank
stabilization methods, which typically employ the exten-
sive use of exotic materials such as rock rarely found in
low-gradient alluvial channels, ELJs can offer an effective
and low-cost alternative for erosion control, flood control,
and habitat enhancement. The cumulative effect of most
traditional bank stabilization methods over time results in
progressive channel confinement and detachment of the
riparian environment from the channel (e.g., loss of
streamside vegetation). In stark contrast, the cumulative
effects of using ELJs include long-term protection of a sig-
nificant floodplain, improvement of instream and riparian
habitat, and bank stabilization (Abbe et al. 1997).
Comprehensive geomorphic and hydraulic engineering
analysis is required to determine the type of WD needed
and the appropriate size, position, spacing, and type of
ELJ structure for the particular site(s) and project objec-
tives. Inappropriate design and application of ELJs can
result in negative impacts such as local accelerated bank
erosion, unstable debris, or channel avulsion. Acknowl-
edging the potential risks and uncertainties of ELJs, their
use should be limited to well-documented experimental
situations. Continued research and development of ELJs
involving field application in a variety of physiographic
and climatic conditions is needed. ELJs can provide a
means to meet numerous objectives in the management
and restoration of rivers and riparian corridors throughout
the United States.

Engineered Log Jams for Bank Protection
and Habitat Restoration

Fig. 9.23: Engineered log jams. Engineered log jams (ELJs) can restore riverine habitat and in some situations provide effective bank protection.
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Evaluation Parameters

Physical Parameters
A variety of channel measure-

ments are appropriate for performan-
ce evaluation (Figure 9.24). The para-
meters presented in Table 9.3 should
be considered for measurement of phy-
sical performance and stability. Stre-
am pattern and morphology are a result
of the interaction of eight measurable
parameters— width, depth, channel slo-
pe, roughness of channel materials, di-
scharge, velocity, sediment loads, and
sediment size (Leopold et al. 1964).

These parameters and several
other dimensionless ratios (including
entrenchment, width/depth ratio, si-
nuosity, and meander/width ratio) can
be used to group stream systems with
similar form and pattern. They have
been used as delineative criteria in
stream classification (Rosgen 1996).
Natural streams are not random in the-
ir variation.

A change in any of the primary
stream variables results in a series of
channel adjustments, resulting in alte-
rations of channel pattern and form,
and attendant changes in riparian and
aquatic habitat.

Biological Parameters
Biological monitoring can cover

a broad range of organisms, riparian
conditions, and sampling techniques.
In most cases, budget and staff will
limit the diversity and intensity of eva-
luation methods chosen. Analytical
methods for evaluating biological at-
tributes are discussed in Section 7.D
of this document.

Table 9.4 provides examples of
the biological attributes of stream eco-
systems that may be related to restora-
tion goals. Biological aspects of the stre-
am corridor that may be monitored as
part of performance goals include pri-
mary productivity, invertebrate and

fish communities, riparian/terrestrial
wildlife, and riparian vegetation. This
may involve monitoring habitat or fau-
na to determine the degree of success
of revegetation efforts or instream ha-
bitat improvements.

Biological monitoring programs
can include the use of chemical measu-
res. For example, if specific stressors
within the stream system, such as high
water temperatures and low dissolved
oxygen, limit biological communities,
direct monitoring of these attributes
can provide an evaluation of the per-
formance of more intensive remedial
practices, including point source pol-
lution reduction.

Chemical Parameters
Monitoring is necessary to deter-

mine if a restoration initiative has had
the desired effect on water chemistry.
The type and extent of chemical moni-
toring depends upon the goal of the
monitoring program. Major chemical
parameters of water and their sampling
are discussed in Chapters 2 and 7.

A factor in designing a chemical
monitoring approach is the amount of
change expected in a system. If the
restoration goal, for example, is to re-
duce the salinity in a stream by 5 per-
cent, it would be much more difficult

to detect than a goal of reducing salini-
ty by 50 percent.

Chemical monitoring can often
be used in conjunction with biological
monitoring. There are pros and cons
for using chemical and biological pa-
rameters when monitoring. Biological
parameters are often good integrators
of several water quality parameters.
Biological indicators are especially use-
ful when determining the bioaccumu-
lation of a chemical.

Water chemistry samples are
typically easier to replicate, can disclo-
se slow changes over time, and be used
to prevent catastrophic events when
chemical characteristics are near toxic
levels. For example, water quality mo-
nitoring might detect a slow decrease
in pH over a period of time. Some
aquatic organisms, such as trout, mi-
ght not respond to this gradual change
until the water becomes toxic. Howe-
ver, water quality monitoring could
detect the change and thereby avoid a
catastrophic event. An ideal monito-
ring program would include both bio-
logical and chemical parameters.

Important chemical and physi-
cal parameters that might have a signi-
ficant influence on biological systems
include the following:
• Temperature
• Turbidity
• Dissolved oxygen
• pH
• Natural toxics (mercury) and man-

ufactured toxics
• Flow
• Nutrients
• Organic loading (BOD, TOC, etc.)
• Alkalinity/Acidity
• Hardness
• Dissolved and suspended solids
• Channel characteristics
• Spawning gravel
• Instream cover
• Shade
• Pool/riffle ratio

REVERSE
Review Chapter 7D’s section on
analytical methods for evaluating
biological attributes.

Figure 9.24: Measurement of a stream cor-
ridor. Monitoring the physical aspects of the
stream corridor system is important in evalu-
ating the success of any restoration effort.

REVERSE
Review Chapters 2 and 7 for infor-
mation on chemical water param-
eters and their sampling.
Also, review Chapter 8’s section on
reference reaches.
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• Springs and ground water seeps
• Bed material load
• Amount and size distribution of

large woody debris (i.e., fallen trees)
These parameters may be stu-

died independently or in conjunction
with biological measurements of the
ecological community.

Reference Sites

Understanding the process of
change requires periodic monitoring
and measurement and scientific inter-
pretation of the information as it rela-

tes to the stream corridor. In turn, an
evaluation of the amount of change
attributed to restoration must be ba-
sed on established reference condi-
tions developed by the monitoring of
reference sites. The following are im-
portant considerations in reference site
selection:
• What do we want to know about the

stream corridor?
• Are identified sites minimally-dis-

turbed?
• Are the identified sites represent-

ative of a given ecological region,
and do they reflect the range of
natural variability associated with

Plan view Sinuosity, width, bars, riffles, pools, boulders, logs
Sketch of full cross section
Bank response angle
Depth bankfull
Width

Cross sectional profiles —
by reach and features

Width/depth ratio
Bed particle size distribution
Water surface slope
Bed slope
Pool size/shape/profile
Riffle size/shape/profile

Longitudinal profile

Bar features
Classification of existing
streams (all reaches)

Varies with classification system

2-, 5-, 10-year storm hydrographsAssessment of hydrologic
flow regimes through
monitoring

Discharge and velocity of base flow

Decreased or increased runoff, flash flood flows
Incisement/degradation
Overwidening/aggradation
Sinuosity trend—evolutionary state, lateral migration
Increasing or decreasing sinuosity

Channel evolutionary track
determination

Bank erosion patterns
Saturated or ponded riparian terraces
Alluvium terraces and fluvial levees
upland/well-drained/sloped or terraced
geomorphology

Corresponding riparian
conditions

Riparian vegetation composition, community patterns
and successional changes
Land use/land cover
Land management
Soil types
Topography

Corresponding watershed
trends–past 20 years and
future 20 years

Regional climate/weather

Table 9.3: Physical parameters to be considered in establishing evaluation criteria for meas-
urement of physical performance and stability.

Biological
Attribute

Parameter

Periphyton
Plankton

Primary
productivity

Vascular and nonvascular
macrophytes

Zooplankton/diatoms
Species
Numbers
Diversity
Biomass
Macro/micro

Invertebrate
community

Aquatic/terrestrial
Anadromous and resident
species
Specific populations or life
stages
Number of outmigrating smolts

Fish
community

Number of returning adults
Amphibians/reptiles
Mammals

Riparian
wildlife/terre
strial
community Birds

Structure
Composition
Condition
Function

Riparian
vegetation

Changes in time (succession,
colonization, extirpation, etc.)

Table 9.4: Examples of biological attributes
and corresponding parameters that may be
related to restoration goals and monitored
as part of performance evaluation.

a given stream class?
• What is the least number of sites

required to establish reference con-
ditions?

• What are the impediments to ref-
erence site access?

Reference sites provide exam-
ples of a properly functioning ecosy-
stem. It is from these reference sites
that desired conditions are determi-
ned and levels of environmental indi-
cators identified. Environmental indi-
cators become the performance criteria
to monitor the success of a initiative.

Human Interest Factors

Human activities requiring use
of a healthy environment may often be
important factors for evaluating stre-
am corridor restorations (Figure 9.25).
In these cases, the ability of the stream
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Fish barrier modifications provide a good example of a
technically difficult performance evaluation. The goal of
the restoration is easily understood and stated. Barrier
modification provides one of two options—to increase
populations (increase upstream and downstream move-
ment) or to decrease populations (restrict movement).
In all cases, the specific target species should be identi-
fied. If the goal is to restore historic runs of commercial
fishes, data for commercial landings may be available to
provide guidance. Habitat models are available for spe-
cies such as Atlantic salmon and can provide insight into
expected carrying capacities of nursery habitat. Existing
runs in adjacent or nearby river(s) may be examined for
population levels and trends that can provide insight into
realistic goals. Barriers may be planned for only short-
term protection of some species (e.g., protection against
cannibalism) or for longer term exclusion of problematic
or undesirable species.
Methodologies to evaluate the success of fish barrier modi-
fications can use a variety of field methods to count the
number of adult spawners, to determine the abundance
of fry, to estimate the size of the outmigrating juvenile popu-
lation, or to monitor the travel time between specific points
within a watershed (Table 9.5). However, consideration
needs to be given to factors that may influence the suc-
cess of the population outside the study area. Commer-
cial fishing, disease, predation, limited food supply, or car-
rying capacity of juvenile or adult habitat may be more
important controlling factors than access to spawning and
nursery habitat.
The performance evaluation must allow ample time for
the species to complete its life cycle. Many anadromous
species have life spans of 4 to 7 years; sturgeon live for
decades. Adequate homing to natal areas may require
several generations to build a significant migrating popu-
lation and to fill all year classes. Floods or droughts can
impact fry and juvenile life stages and do not become
apparent in adult spawning populations until several years
have elapsed. Restoration and monitoring goals need to
be formulated to take these non-restoration- limiting fac-
tors into account. Examination of year-class structure of
returning adults might be useful, or investigations that
average the size of spawning runs for multiple years might
be appropriate.

Performance evaluation study methodologies must use
appropriate monitoring techniques. Collecting techniques
need to be relatively nondestructive. Collecting weirs, traps,
or nets need to be designed to limit injury or predation
and should function over a wide range of flow and debris
levels. Monitoring techniques should not extensively limit
movement. Weirs and traps should not cause excessive
delays in migration, and fish tags should not encumber
movement. Techniques are often species- and life stage-
specific. Fish tags, including radio tags, may be appropri-
ate for older, larger individuals, whereas chemical marks,
dyes, fin clips, or internal microtags may be appropriate
for smaller organisms. Certain fish, such as alosids (Ameri-
can shad and river herring), may be more difficult to han-
dle than others, such as salmonids (trout and salmon),
and appropriate handling techniques need to be used.
Avoiding extreme environmental conditions (excessively
high or low water temperature or flow) may be important.
Nondestructive techniques, such as hydroacousitics and
radio tags, have several advantages, but care needs to
be taken to differentiate between background noise (me-
chanical, debris, entrained air, nonlaminar flow), other
species, and target species.

Performance Evaluation of Fish Barrier Modifications

Modification Method
Observation windows
Hydroacoustics
Fish traps/weirs

Fishway
counts

Netting
Mark and recapture
Snorkel counts
Redd counts
Creel census

Population
estimates

Direct counts of spawning
adults
Radio tagging
Pit tags
Dyes and other external
marks

Timing of
migration
between
observation
points

Computer-coded tags

Table 9.5: Methods to evaluate effectiveness of
fish barrier modifications.

corridor to support the activity indica-
tes benefits drawn from the stream cor-
ridor as well as adding insight into
stream ecosystem condition. Many hu-
man interest- oriented criteria used in
performance evaluations can serve the
dual function of evaluating elements
of human use and ecological condition

together:
• Human health (disease, toxic/fish

consumption advisories)
• Aesthetics (odor, views, sound, lit-

ter)
• Non-consumptive recreation (hik-

ing, birding, whitewater rafting, ca-
noeing, outdoor photography)

Many human interest-oriented cri-
teria used in performance
valuations can serve the dual func-
tion of valuating elements of hu-
man use and ecological condition
together.



RESTORATION IMPLEMENTATION, MONITORING, AND MANAGEMENT326

Biologia Ambientale, 16 (n. 2, 2002)

• Consumptive recreation (fishing,
hunting)

• Research and educational uses
• Protection of property (erosion con-

trol, floodwater retention)
Use surveys, which determine

the success of the restoration in terms
of human use, can provide additional
biological data. Angler survey, creel
census, birding questionnaires, and
sign-in trail boxes that request obser-
vations of specific species can also pro-
vide biological data. Citizens’ groups
can participate effectively, providing
valuable assistance at minimal cost.

Additional References for Monitoring
Averett, R.C., and L.J. Schroder. 1993. A guide to the design of surface-
water-quality studies: US Geological Survey Open-File Report 93-105, U.S.
Geological Survey.
Karr, J.R., and W. Chu. 1997. Biological monitoring and assessment: Using
Multimetric Indexes Effectively. USEPA 235-R97-001. University of Wash-
ington, Seattle.
Kerchner, J.L. 1997. Setting Riparian/Aquatic Restoration Objectives Within
a Watershed Context. In Restoration Ecology Vol. 5, No. 45.
Manley, P.A., et al. 1995. Sustaining Ecosystems: A Conceptual Framework.
USDA Forest Service, Pacific Southwest Region, San Francisco, CA. 216 pp.
McDonald, L.H., et al. 1991. Monitoring Guidelines to Evaluate Effects of
Forestry Activities on Streams in the Pacific Northwest and Alaska. USEPA,
Region 10, Seattle, WA. 166 pp.
Sanders, T.G., R.C. Ward, J.C. Loftis, T.D. Steele, D.D. Adrian, and V. Yevjevich.
1983, Design of networks for monitoring water quality. Water Resources Pub-
lications, Littleton, CO., 328 p.
Stednick, J.D. 1991. Wildland water quality sampling and analysis. Aca-
demic Press, San Diego.
Ward, R.C., J.C. Loftis, and G.B. McBride. 1990. Design of water quality moni-
toring systems. Van Nostrand Reinhold, New York.

9.C Restoration Management

Management is the long-term ma-
nipulation and protection of restora-
tion resources to achieve objectives.
Management priorities for the stream
corridor ecosystem are set during the

planning phase and refined during
design. These priorities should also
be subject to ongoing revision based
on regular monitoring and analysis.
Management needs can range from re-

latively passive approaches that invol-
ve removal of acute impacts to intensi-
ve efforts designed to restore ecosy-
stem functions through active inter-
vention. Whereas a preceding section
described the need to provide adequa-
te maintenance for the restoration ele-
ments, restoration management is the
collective set of decisions made to gui-
de the entire restoration effort to suc-
cess.

The restoration setting and the
priorities of participants can make
management a fairly straightforward
process or a complex process that in-
volves numerous agencies, landowners,
and interested citizens. Development
of a management plan is less difficult
when the corridor and watershed are
under the control of a single owner or
agency that can clearly state objectives
and priorities. Some stream corridor

Management needs can range
from relatively passive ap-
proaches that involve removal of
acute impacts to intensive efforts
designed to restore ecosystem
functions through active interven-
tion.

Figure 9.25: Human interest in the stream corridor. Aesthetics are a highly valued benefit
associated with a healthy stream corridor.
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restorations have, in fact, involved ex-
tensive land acquisition to achieve suf-
ficient management control to make
restoration feasible. Even then, com-
peting interests can exist. Decisions
must be made regarding which resour-
ce uses are compatible with the defi-
ned objectives.

More commonly, stream corridor
management decisions will be made
in an environment of conflicting inte-
rests, overlapping mandates and regu-
latory jurisdictions, and complex ow-
nership patterns, both in the corridor
and in the surrounding watershed. For
example, in a Charles River corridor
project in Massachusetts, the complex
ownership pattern along the river re-
quires direct active management in
some areas and easements in others.
In the remainder, management is lar-
gely a matter of encouraging appro-
priate use (Barron 1989). Many smal-
ler restorations might be similarly di-
versified with management decisions
involving a variety of participants. Par-
ticipation and adherence to restora-
tion best management practices (BMPs)
may be encouraged through various
programs, such as the NRCS’s Conser-
vation Reserve Program, multi-agency
riparian buffer restoration initiatives,
and cost-sharing opportunities availa-
ble under the EPA Section 319 Pro-
gram.

Programs intended to reduce
nonpoint source pollution of waterways
often encourage the use of practices to
address problems such as agricultural
runoff or sediment generated by tim-
ber harvest operations. Because many
practices focus on activities within the
stream corridor, existing practices

should be reviewed to determine their
applicability to the stream corridor re-
storation plan (Figure 9.26). Although
the ecological restoration objectives for
the corridor might require more re-
strictive management, existing practi-
ces can provide a good starting point
and establish a rationale for minimum
management prescriptions. In stream
corridor restoration efforts involving
numerous landowners, it might be ap-
propriate to develop a revised set of
practices specific to the restoration
area. Participants should have the op-
portunity to participate in developing
the practices and should be willing to
commit to compliance before the resto-
ration is implemented.

Regulatory controls influencing
management options are increasingly
complex and require regular review as
management plans evolve and adapt.
In some areas, regulatory oversight of
activities in streamside areas and in
the vicinity of wetlands involves fairly
rigid rules that may conflict with speci-
fic proposed management actions (e.g.,
selective tree removals). Implementa-
tion of management actions in such
cases will require coordination and
approval from the regulating agencies.
Many state and local jurisdictions vary
their restrictions according to classifi-
cation systems reflecting the condition
of the streamside area or wetland in
terms of “naturalness”; for example,
sites with large trees might receive a
higher level of protection than sites
that have been heavily disturbed.

Restoration is intended specifi-
cally to improve the condition of the
stream corridor; however, an activity
that is allowable initially might be re-

gulated as the corridor condition im-
proves. These changes should be anti-
cipated to the extent possible in deve-
loping long-term management and use
plans.

Streams

In effect, stream corridor resto-
ration and ongoing monitoring consti-
tute stream management. Many pro-
blems detected during monitoring can
be resolved by manipulation of the stre-
am corridor vegetation (Figure 9.27),
land uses, where possible, and only
occasionally, by direct physical mani-
pulation of the channel. If “resetting”
of the channel system is necessary, it
essentially becomes a redesign pro-
blem.

Where lateral erosion occurs in
unanticipated areas and poses an unac-
ceptable threat to function, property,
or infrastructure, another restoration
approach might have to be initiated.

In cases where streamflow con-
trol is an option, it likely will be a
significant component of the manage-
ment plan to maintain baseflows, wa-
ter temperatures, and other attribu-
tes. However, appropriate flow patter-
ns should have been defined during
the design phase, with components of
corridor management prescribed ac-
cordingly. If hydrologic patterns chan-
ge after the restoration is established,
significant redesign or management
changes might be required for the en-
tire corridor. Ultimately, a well-plan-
ned, prepared stream corridor restora-
tion design predicts and addresses the
potential for hydrologic change.

Figure 9.26: Livestock
fences used as a BMP.
Reviewing existing
BMPs can be useful in
establishing manage-
ment prescriptions.

Figure 9.27: Pruning
streamside vegetation.
Monitoring might de-
tect the need for manip-
ulation of streamside
vegetation.
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Forests

In forested environments, the
planning and design phases of stream
corridor restoration should set speci-
fic objectives for forest structure and
composition within the corridor. If exi-
sting forests are developing in the de-
sired direction, action may not be nee-
ded. In this case, forest management
consists of protection rather than in-
tervention. In degraded stream corri-
dor forests, achieving desired goals
requires active forest management. In
many corridors economic return to pri-
vate and public landowners is an im-
portant objective of the restoration
plan. Stream corridor restoration may
accommodate economic returns from
forest management, but management
within the stream corridor should be
driven primarily by ecological objecti-
ves. If the basic goal is to restore and
maintain ecological functions, silvicul-
ture should imitate natural processes
that normally occur in the corridor.

Numerous forest management
activities can promote ecological objec-
tives. For example, some corridor fo-
rest types might benefit from prescri-
bed fire or wildfire management pro-
grams that maintain natural patterns
of structural and compositional diver-
sity and regeneration. In other systems,
fire might be inappropriate or might
be precluded if the stream corridor is
in an urban setting. In the latter case,
silvicultural treatments might be nee-
ded to emulate the effects of fire.

Recovery of degraded streamsi-
de forests can be encouraged and acce-
lerated through silvicultural efforts.
Active intervention and management
may be essential to maintain the cha-
racter of native plant communities
where river regulation has contribu-
ted to hydrology and sedimentation
patterns that result in isolation from
seed sources (Klimas 1991, Johnson
1994). Streamside forests used as buf-
fers to prevent nutrients from reaching
streams may require periodic harvests
to remove biomass and maintain net
uptake (Lowrance et al. 1984, Welsch
1991). However, buffers intended to
intercept and degrade herbicides mi-
ght be most effective if they are mana-

ged to achieve old-growth conditions
(Entry et al. 1995).

Management of corridor forests
should not proceed in isolation from
management of adjacent upland sy-
stems (Figure 9.28). Upland harvests
can result in raised water tables and
tree mortality in riparian zones. Coor-
dinated silvicultural activities can re-
duce timber losses as well as minimize
the need for roads (Oliver and Hinck-
ley 1987).

Forests managed by government
agencies are usually subject to esta-
blished restrictions on activities in ri-
parian areas. Elsewhere, BMPs for fo-
restry practices are designed to mini-
mize non-point source pollution and
protect water quality. BMPs typically
include restrictions on road placement,
equipment use, timber removal prac-
tices, and other similar considerations.
Existing state BMP guidelines may be
appropriate for application within the
restoration area but often require some

modification to reflect the objectives
of the restoration or other pre-identi-
fied constraints on activities in the vi-
cinity of streams and wetlands.

Grazed Lands

Livestock grazing is a very im-
portant stream corridor management
issue in most nonforested rangelands
and in many forested areas. Uncontrol-
led livestock grazing can have severe
detrimental effects on streambanks,
riparian vegetation, and water quality,
particularly in arid and semiarid envi-
ronments (Behnke and Raleigh 1978,
Elmore and Beschta 1987, Chaney et
al. 1990) (Figure 9.29). Livestock natu-
rally concentrate in the vicinity of stre-
ams; therefore, special efforts must be
made to control or prevent access if
stream corridor restoration is to be
achieved.

In some cases, livestock may act

Figure 9.29: Live-
stock in stream. Un-
controlled livestock
grazing can have se-
vere detrimental ef-
fects on streambanks,
riparian vegetation,
and water quality.

Figure 9.28: Streamside forests and adjacent uplands. Management of streamside forests
should not proceed in isolation from management of adjacent upland systems.
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as an agent in restoration. Management
of livestock access is critical to ensure
their role is a positive one. Existing
state BMPs might be sufficient to pro-
mote proper grazing, but might not be
innovative or adaptive enough to meet
the restoration objectives of a corridor
management program.

Complete exclusion of livestock
is an effective approach to restore and
maintain riparian zones that have been
badly degraded by grazing. In some
cases, exclusion may be sufficient to
reverse the damage without additio-
nal intervention. In some degraded sy-
stems, removal of livestock for a pe-
riod of years followed by a planned
management program may allow reco-
very without permanent livestock
exclusion (Elmore and Beschta 1987).
Systems not badly damaged might re-
spond to grazing management invol-
ving seasonal and herd size restric-
tions, off-channel or restricted-access
watering, use of riparian pastures, her-
ding, and similar techniques (Chaney
et al. 1990). Response to grazing is
specific to channel types and season.

In off-channel areas of the stre-
am corridor, grazing may require less
intensive management. Grazing might
have limited potential to be used as a
habitat manipulation tool in certain

ecosystems, such as the Northern
Plains, where native grazing animals
formerly controlled ecosystem structu-
re (Severson 1990). However, where
grazing occurs within the stream corri-
dor, it might conflict directly with eco-
system restoration objectives if not pro-
perly managed. Corridors that include
grazing or have livestock in adjacent
areas require vigilance to ensure that
fences are maintained and herd mana-
gement BMPs are followed.

Fish and Wildlife

Stream and vegetation care are
the focus of many fish and wildlife
management activities in the stream
corridor. Hunting and fishing activi-
ties (Figure 9.31), nuisance animal con-
trol, and protection of particular spe-
cies may be addressed in some restora-
tion plans. Special management units,
such as seasonally flooded impound-
ments specifically designed to benefit
particular groups of species (Fredrick-
son and Taylor 1982), might be appro-
priate components of the stream corri-
dor, requiring special maintenance and
management. Numerous fish and wil-
dlife management tools and techniques
that address temporary deficiencies in

habitat availability are available (e.g.,
Martin 1986). Inappropriate or hapha-
zard use of some techniques can have
unintended detrimental effects (for
example, placing wood duck nest bo-
xes in areas that lack brood habitat).
Programs intended to manipulate fish
and wildlife populations or habitats
should be undertaken in consultation
with the responsible state or federal
resource agencies.

Restoration of a functional stre-
am corridor can be expected to attract
beaver in many areas. Where beaver
control is warranted because of possi-
ble damage to private timberlands or
roads, increased mosquito problems,
and other concerns, controls should be
placed as soon as possible and not af-
ter the damage is done. Techniques
are available to prevent beaver from
blocking culverts or drain pipes and
destroying trees. In some cases, effecti-
ve beaver control requires removal of
problem animals (Olson and Hubert
1994).

The Big Spring Creek watershed occupies a diverse, pri-
marily agricultural landscape in central Montana, where
the nation’s third largest freshwater spring (Big Springs)
provides untreated drinking water for the 7,000 residents
of Lewistown and is the source of one of Montana’s best
trout streams, Big Spring Creek.
Conservation work by federal, state, and local agencies,
private organizations, and citizens in the 255,000-acre
Big Spring Creek watershed is not new. Actually, various
projects and developments have occurred over the last
several decades. For example, the flood control project
that protects the city of Lewistown has its roots in the 1960s
when, after experiencing a series of floods, the city of
Lewistown and community leaders decided to take ac-
tion. The Fergus County Conservation District, Fergus
County Commissioners, City of Lewistown, U.S. Natural
Resources Conservation Service, and many community
leaders all worked together on this project. The Big Spring

Creek Flood Control Project now protects the city of
Lewistown from recurrent flooding.
Conservation work now, though, goes beyond flood con-
trol. It involves working to solve resource problems on a
watershed basis, recognizing that what happens upstream
has an effect on the downstream resources. We should
look beyond property boundaries at the whole watershed,
considering the “cumulative effects” of all our actions. With
that in mind, the Fergus County Conservation District, with
assistance from its citizen committee, has been working
the last few years to improve and protect the watershed.
With funding from the Montana Department of Environ-
mental Quality (Section 319), the Big Spring Creek Water-
shed Partnership was formed.
This project helps agricultural producers and other land-
owners to plan and install conservation practices to pre-
vent erosion and keep sediment and other pollutants out
of streams and lakes. Area landowners are implementing

Partners Working for the Big Spring Creek Watershed

Corridors that include grazing or
have livestock in adjacent areas
require vigilance to ensure that
fences are maintained and herd
management BMPs are followed.
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conservation practices such as improving the riparian veg-
etation (Figure 9.30), treating streambank erosion, and
developing water sources off the stream for livestock. Be-
cause the project has been well received by the agricul-
tural producers, it has been possible for cooperating agen-
cies to participate in additional watershed improvements.
The U.S. Fish and Wildlife Service Partners for Wildlife
program has provided funding for several stream restora-
tion and riparian improvement projects. In addition, the
Montana Department of Fish, Wildlife and Parks is ac-
tively participating in fisheries habitat projects, including
the Brewery Flats Stream Restoration.
Implementation of the Big Spring Creek Watershed Part-
nership has brought many positive changes to the pre-
dominantly agricultural Big Spring Creek watershed. Since
most of the agricultural operations are livestock or grain,
the major emphasis is on riparian/stream improvement
and grazing management. Thus far, more than 30 land-
owners have participated in the project by installing con-
servation practices that include over 8 miles of fencing,
and 13 off-stream water developments, with more than 10
miles of stream/riparian area protected.
Studies show that stream characteristics and water quality
are the best indicators of watershed vitality. Thus, an ac-
tive monitoring strategy in the watershed provides feed-
back to measure any improvements. Preproject and
postproject fisheries (trout) surveys are conducted in co-
operation with the Montana Department of Fish, Wildlife
and Parks on selected streams. On East Fork Spring
Creek, fencing and off-stream water development were
implemented on a riparian/stream reach that was severely
degraded from livestock use. Fish populations and size
structure changed dramatically from preproject to
postproject work. Salmonid numbers increased from 12
to 32 per 1,000 feet, and average size increased by 50
percent. In addition to fisheries surveys, benthic
macroinvertebrate communities are collected and
analyzed on a number of streams. This analysis relates to
the stream’s biological health or integrity. Community struc-
ture, function, and sensitivity to impact are compared to
baseline data. Habitat conditions on three of six monitor-
ing sites on Big Spring Creek from 1990 to 1997 have
shown improved conditions from a sub-optimal to an op-
timal rating. Monitoring will continue on major streams in
the watershed, which will help to provide important feed-
back as to the project’s effectiveness.
Although the major emphasis is on improving and pro-
tecting the riparian areas and streams in the watershed,
other ongoing efforts include participating in the “Manag-
ing Community Growth” initiative, preserving agriculture
and open space, and developing recreational and envi-
ronmental resources. An active committee of the group is
involved in one of the largest stream restoration initiatives
ever to be undertaken in Montana, planned for 1998. In-
cluded in this project is an environmental education trial

site being developed with the local schools.
Working with watersheds is a dynamic process, and as a
result new activities and partners are continually incorpo-
rated into the Big Spring Creek Watershed Partnership.
The following agencies and organizations are currently
working together with the citizens of the watershed to pro-
tect this “very special place.”

Fergus County Conservation District
M.S.U.-Extension Service, Fergus County
U.S. Natural Resources Conservation Service
U.S. Fish and Wildlife Service
Montana Department of Fish, Wildlife and Parks
Montana Department of Environmental Quality
Montana Department of Natural Resources and Conser-
vation
U.S. Forest Service
City Of Lewistown
Fergus County Commissioners
Snowy Mountain Chapter Trout Unlimited
Central Montana Pheasants Forever
Lewistown School District No.1
Lewistown Visioning Group
Lewistown Area Chamber of Commerce

Figure 9.30: The Big Spring Creek watershed. (a) A heav-
ily impacted tributary within the Big Spring Creek water-
shed and (b) the same tributary after restoration.

(b)

(a)
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Human Use

Stream corridors in urban areas
are usually used heavily by people and
require much attention to minimize,
control, or repair human impacts. In
some cases, human disturbance pre-
vents some stream corridor functions
from being restored. For example, de-
pending on the amount of degradation
that has occurred, urban streams mi-
ght support relatively few, if any, nati-
ve wildlife species. Other concerns,
such as improved water quality, might
be addressed effectively through pro-
per restoration efforts. Addressing im-
pacts from surrounding developed are-
as (such as uncontrolled storm water
runoff and predation by pets) requires
coordination with community agencies
and citizen groups to minimize, pre-
vent, or reverse damage. Management
of urban corridors might tend to em-
phasize recreation, educational oppor-
tunities, and community activities

more than ecosystem functions. Admi-
nistrative concerns may focus heavily
on local ordinances, zoning, and con-
struction permit standards and limita-
tions.

Community involvement can be
an important aspect of urban stream
corridor restoration and management.

Figure 9.31: Local
fisherman. Fishing
and other recreation-
al activities must be
considered in restora-
tion management.

Portland, Oregon, sprang up along the Willamette River.
As time went on and the city grew, it came to occupy a
sequestered spot between the Willamette and Columbia
Rivers and the higher reaches of the Sylvan Hills. But be-
fore the city expanded to this point, a creek ran through
it—Tanner Creek.

The Tanner Creek watershed, comprising approximately
1,600 acres, extended from the forested hills through a
canyon and across the valley floor to the Willamette River.
During summer months, the creek was placid if not dry.
But during the heavy winter rains, the creek became a
raging torrent.

As the city of Portland expanded, the creek was diverted
into the sewer system and the creek floodway was filled in
to make way for development. These combined sewers
drained directly to the Willamette River and the Columbia
Slough until a series of interceptor pipes and a municipal
sewage treatment plant were constructed in the 1940s and
1950s.

However, this new system did not have sufficient capacity
to handle the combined sewage and storm water flows
during periods of heavy rain, which frequently occur dur-
ing the winter months. As a result, rather than flowing to
the treatment plant for processing and disinfection, the

combined sewage and storm water overflowed to outfalls
along the Willamette River and the Columbia Slough.
Tanner Creek became a part of the cause of combined
sewer overflows (CSOs).
In the early 1990s, the city of Portland began to develop a
plan to eliminate CSOs. The Tanner Creek Stream Diver-
sion Project was identified early in the CSO planning proc-
ess as a corner-stone project, a relatively inexpensive
method of removing clean storm water from the combined
system, thereby reducing CSOs. Nearly 10 miles of pipe
ranging from 84 inches to 60 inches in diameter will be
constructed to once again carry storm water directly to the
river. In addition, best management practices for storm
water management will be included. Finally, opportunities
for water feature enhancements and educational and cul-
tural opportunities will be explored in partnership with the
community and other agencies.
Principal among these opportunities is daylighting a por-
tion of the stream in the city’s River District. In partnership
with community leaders, special interest groups, a private
developer, and other agencies, the city’s Bureau of Envi-
ronmental Services is leading a study of possible design
alternatives. For more information contact: Nea Lynn
Robinson, Project Manager, Tanner Creek Stream Diver-
sion Project, City of Portland, Oregon.

A Creek Ran Through It

Community groups often initiate re-
storation and maintain a feeling of
ownership that translates into monito-
ring input, management oversight, and
volunteer labor to conduct maintenan-
ce and management activities. It is es-
sential that community groups be pro-
vided with professional technical gui-
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dance including assistance in transla-
ting regulatory requirements. It is also
important that proposed management
actions in urban corridors be discus-
sed in advance with interested groups
affected by tree cutting or trail closu-
res.

In nonurban areas, recreation
can usually be accommodated without
impairing ecological functions if all
concerned parties consider ecosystem
integrity to be the priority objective
(Johnson and Carothers 1982). Strate-
gies can be devised and techniques
are available to minimize impacts from
activities such as camping, hiking (trail

Figure 9.32: Off-road vehicle. Low- and high-
impact use areas hould be clearly marked
within public tream corridors.

erosion), and even the use of off-road
vehicles (Cole and Marion 1988) (Figu-
re 9.32). Recreationists should be edu-
cated on methods to minimize impacts
on the ecosystem and on restoration
structures and vegetation. Location of
areas designated for low-impact use
and areas off-limits to certain high-
impact activities (such as off-road vehi-
cles, biking, horse-back riding, etc.)
should be clearly marked. Access
should be restricted to areas where
new vegetation has not yet been fully
established or where vegetation could
be damaged beyond the point of survi-
val.

All the flowers of all the
tomorrows are in the
seeds of today.
—Chinese proverb

There will come a time when you
believe everything is finished.
That will be the beginning.
—Louis L’Amour
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INDEX

Adaptive management, 178, 321
Aggradation

regression functions, 214
Agriculture

vegetative clearing, 102
hypothetical condition and restoration response, 291
instream modifications, 102
irrigation and drainage, 102
restoration, 295
sediment and contaminants, 103
soil exposure and clearing, 102

Alternatives
design, 144
restoration alternatives, 144
supporting analyses, 148

Aquatic habitat, 72
subsystems, 72

Aquatic vegetation, 75
algae, 229

Backwater
computation, 196
effects, 196

Bank stability, 215
bank erosion, 272
bank stability check, 269
charts, 217
critical bank heights, 218
protection measures, 271
qualitative assessment, 215
quantitative assessment, 216

Bank stabilization, 260, 279
anchored cutting systems, 280
geotextile systems, 280
trees and logs, 280

Bank restoration, 277
inspections, 318

Bankfull discharge, 27, 187
field indicators, 188

Benthic invertebrates, 76
benthic rapid bioassessment, 229

Beaver
ecosystem impacts,  257
impact of dams, 72
transplanting, 256

Biological diversity
complexity, 227
evaluating indices, 231
in developing goals and objectives, 139
Index of Biotic Integrity, 228
measures of diversity, 228
spacial scale, 228
standard of comparison, 230
subsets of concern, 227

Buffers, 246
multispecies riparian buffer system, 289
urban stream buffers, 248

Channel, 24
equilibrium, 25

scarp, 25
size, 25
thalweg, 25

Channel form, 31
anastomosed streams, 32
braided streams, 32
predicting stable type, 258

Channel incision, 29
Channel slope, 50

longitudinal profiles, 50
Channel cross section, 50

composite and compound cross sections, 196
field procedures, 196
site/reach selection, 50, 196

Channel evolution models, 201
advantages of, 202
applications of geomorphic analysis, 203
limitations of, 203

Channel-forming (or dominant) discharge, 27, 183, 186
determining from recurrence interval, 184, 188
determining from watershed variables, 190
mean annual flow, 191

Channel models, 265
computer models, 266
physical models, 265

Channel restoration, 255
dimensions, 260, 263
inspection, 318
maintenance, 319
moving beds, known slope, 264
moving beds, known sediment concentration, 265
reconstruction procedures, 257
reference reach, 260
shape, 266

Channel roughness, 50
formation of aquatic habitat, 51
in meandering streams, 51

Channel stability
bank, 215
bed, 212
local, 212
systemwide, 212

Channel widening, 217
predictions, 218

Channelization and diversions, 98
restoration design, 288

CompMech (compensatory mechanisms), 235
use with PHABSIM, 235

Conditions in stream corridor, 126
causes of impairment, 127
condition continuum, 127
management influence, 129

Conduit function, 86
Connectivity and width, 83, 243

reference stream corridor, 244
restoration design, 250

Conservation easements, 160
Cost components and analysis, 148
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benefits evaluation, 153
cost-effectiveness analysis, 152
data requirements, 148
decision making, 152
estimations, 174
incremental cost analysis, 152

Cross section surveys, 196
Dams as a disturbance, 97

best management practices, 287
Glen Canyon Dam spiked flow experiment, 99
removal, 288

Data analysis and management, 224
costs, 171
data analysis and interpretation, 175

Degradation
regression functions, 214

Design, 241
Discharge, 25

continuity equation, 191
design discharge for restoration, 260
measurement, 197

Dynamic equilibrium, 88
Disturbance, 89, 93

Arnold, MO flood, 95
biological, 98, 227
broad scale, 94
causal chain of events, 93
chemical, 96
natural disturbances, 94
physical, 97

Ecosystem
internal/external movement model, 18
stream-riparian, 73
relationship between terrestrial and
aquatic ecosystems,  72
river floodplain, 74

Effective discharge, 27, 189
Erosion, 46

control of, 306
Environmental impact analysis, 154
Eutrophication, 81
Evaluation, 177, 180

fish barrier modifications, 325
human interest, 324
monitoring techniques, 321
parameters, 323
reference sites, 324

Evaporation, 40
Evapotranspiration, 40
Exotic species, 98

control, 290
salt cedar, 100

Western U.S., 100
Fauna

aquatic fauna, 75
beaver (see Beaver above)
benthic invertebrates, 76
birds, 71
fish, 76, 77
habitat features, 73
mammals, 72
mussels, 77
reptiles and amphibians, 71

Filter and barrier functions, 87

edges, 87
Fish, 76

bioindicators, 230
feeding and reproduction strategies, 76
managing restoration, 329
species richness, 76

Floodplain, 23
hydrologic floodplain, 27
topographic floodplain, 27
flood storage, 27
lag time, 25
lateral accretion, 52
stability, 49
vertical accretion, 52

Floodplain landforms and deposits, 28
backswamps, 28
chute, 28
clay plug, 28
meander scroll, 28
natural levees, 28
oxbow, 28
oxbow lake, 28
restoration of microrelief, 244
splays, 28

Flood-pulse concept, 29
Flow

allowable velocity check, 269, 271
allowable stress check, 271, 273
baseflow, 25, 44
daily mean streamflow, 185
ecological impacts, 45
ephemeral streams, 25
effluent or gaining reaches, 25
impact on fauna, 78
influent or “losing” reaches, 25
intermittent streams, 25
mean annual flow, 191
peak flow, 185
perennial streams, 25
stormflow, 25
sources of data, 185
uniform flow, 194

Flow duration, 45
flow duration curve, 184

Flow frequency, 45, 184
flood frequency analysis, 184
low-flow frequency analysis, 185

Food patches, 255
Forests and forestry

buffer strips, 295
managing restoration, 328
site preparation, 104
transportation, 103, 295
tree removal, 103

Functions, 83
barrier, 83
conduit, 22, 83
filter, 83, 253
habitat, 83
sink, 83
source, 83

Funding,
organization, 119
restoration implementation, 157
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Geomorphic assessment, 197
Geomorphology, 46
Goals and Objectives, 141, 143

desired future conditions, 137, 142
responsiveness, 144
restoration constraints and issues, 140
restoration goals, 141
restoration objectives, 143
scale considerations, 137
self-sustainability, 144
tolerance, 144
value, 144
vulnerability, 144

Grazing
loss of vegetative cover, 104
physical impacts, 105
restoration, 295, 328

Greentree reservoirs, 254
Ground water

aquifer, 43
aquitards, 43
capillary fringe, 43
confined aquifer, 43
pellicular water, 43
phreatic zone, 43
recharge area, 43
springs, seeps, 43
unconfined aquifer, 43
vadose zone, 43

Habitat Evaluation Procedures (HEP), 233
Habitat functions, 84

edge and interior, 85, 252
Habitat Recovery (instream), 283

procedures, 283
Hydraulic geometry

channel planform, 210
hydraulic geometry curves Salmon River, 207
hydraulic geometry theory, 206, 264
hydraulic geometry formulas, 264
meander geometry, 210, 211
regime formulas, 208
regime theory, 206
regional curves, 209
relations based on mean annual discharge, 206, 207
stability assessment, 208

Hydrologic cycle, 39
Hydrologic unit cataloging, 22
Indicator species, 226

aquatic invertebrates, 227
habitat evaluation procedures, 226
riparian response guilds, 227
selecting indicators, 226

Infiltration, 41
infiltration capacity, 41
infiltration rate,  41
porosity, 41

Implementing restoration
construction, 311
flow diversion, 312
maintenance, 319
minimizing disturbance, 306
plant establishment, 312
site preparation, 305, 310

Instream Flow Incremental Methodology (IFIM), 150, 233

Instream structures, 284
design, 284
engineered log jams, 322
inspection, 316

Interception, 39
precipitation pathways, 39

Landscape scale, 20
in goals and objective development, 137

Land use
design approaches for common effects, 287
developing goals and objectives, 138
summary of disturbance activities, 109

Longitudinal zones, 30
Longitudinal profile, 50, 266

adjustments, 50
Managing restoration, 326
Manning’s equation, 191

direct solution for Manning’s n, 192
Froude number, 193

indirect solution for Manning’s n, 192
Manning’s n in relation to bedforms, 193
Monitoring, 169

acting on results, 178
dissemination of results, 179
documenting and reporting, 179
inspection, 316
monitoring plan, 171, 172, 174, 176
performance criteria, 171
level of effort, 175
parameters, and methods, 172
target conditions, 172
types of data, 175

Montgomery and Buffington classification system, 200
Mining

altered hydrology, 106
contaminants, 106
reclamation, 298
soil disturbance, 105
vegetative clearing, 105

Nest structures, 255
Oak Ridge Chinook salmon model (ORCM), 236
Organic material, 80

autochthonous, 80, 34
allochthonous, 81, 33
heterotrophic, 33

Organizing restoration
advisory group, 115
boundary setting, 115
commitments, 162
contractors, 161
characteristics of success, 166
decision maker, 116
decision structure, 119
dividing responsibilities, 158
documentation, 122
information sharing, 119
permits, 163
schedules, 163
scoping process, 114
sponsor, 116
technical teams, 116, 160
tools, 159
volunteers, 161

Overland flow, 44
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depression storage, 44
Horton overland flow, 44

surface detention, 44
Physical Habitat Simulation Model (PHABSIM), 233

time series simulations, 235
use with CompMech, 235

Physical structure
corridor, 19
patch, 19
matrix, 19, 21
mosaic, 19

Pools and riffles, 32, 50
riffle spacing, 266

Problem/opportunities identification, 122
baseline data, 124
community mapping, 124
data analysis, 125
data collection, 124
historical data, 124
problem/oppotunity statements, 133
reference condition, 125
reference reach, 126
reference site, 126
statements, 133

Proper Functioning Condition (PFC), 205
Public outreach, 121

tools, 121
Quality assurance and quality control

costs, 174
restoration planning, 140
sampling, 224

Rapid bioassessment, 228
Reach file/National Hydrography Dataset, 22
Reach scale, 22

in developing goals and objectives, 140
Recovery, 89
Recreation, 106

restoration design, 300
Regional hydrological analysis, 191
Regional scale, 19
Resistance, 89
Resilience, 89

in Eastern upland forests, 95
Riffles (see Pools and riffles)
Risk assessment, 144, 180
River continuum concept, 33
Riverine Community Habitat Assessment and

Restoration Concept Model (RCHARC), 235
Rosgen stream classification system, 200
Runoff, 43
Quick return flow, 44
Salmonid population model (SALMOD), 236
Sampling

automatic, 220
chain of custody, 222
discrete versus composite, 220
field analysis, 221
field sampling plan, 174
frequency, 219, 175
grab, 219
labeling, 222
laboratory sample analysis, 175
manual, 219
packaging and shipping, 222

preparation and handling, 222
preservation, 222
site selection, 219
timing and duration, 6-34

Saturated overland flow, 44
Scarp, 24
Schumm

classification system, 200
equation, 49

Sediment
ecological and water quality impacts, 52

Sediment deposition, 46
Sediment sampling

analysis, 223
collection techniques, 223

Sediment transport, 47, 273
bed load, 47
bed-material load, 47, 48
budget, 273
discharge functions, 274

HEC-6, 273
impact on habitat, 55
impact on water quality, 55
measured load, 47
particle movement, 47
processes, 215
saltation, 47
sediment load, 47
sediment rating curve, 189, 260
stream competence, 47
stream discharge, 48
stream power, 48, 272
suspended bed material load, 47
suspended load, 47, 48
suspended sediment discharge, 47
tractive (shear) stress, 47, 266, 271, 273
unmeasured load, 47
wash load, 47, 48

Single-thread streams, 32
Sinuosity, 32

affecting slope, 50
meander design, 262, 263

Site access, 165, 306
access easement, 165
drainage easement, 165
fee acquisition, 166
implementation easement, 165
right of entry, 165

Species requirements, 232, 244
Specific gauge analysis, 212
Soil

compaction, 245
ecological role of, 67
depleted matrix, 66
functions, 63
hydric soils, 65, 66
microbiology, 64, 245
salinity, 246
soil surveys, 245
topographic position, 65
type, 64
wetland, 65

Soil bioengineering, 254, 277
Soil moisture, 42
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evaporation, 39
deep percolation, 42
field capacity, 42
permanent wilting point, 42
relationship with temperature, 65

Source and sink functions, 88
Spatial scale, 19

landscapes, 20
region, 19
reach, 22
watershed, 21

Stability (in stream and floodplain), 49, 89
assessment, 267
controls, 277

Storm hydrograph, 25
after urbanization, 26
recession limb, 25
rising limb, 25

Stream classification,  198, 231
applications of geomorphic analysis, 203
advantages, 198
alluvial vs. non-alluvial, 198
limitations, 199
use in restoring biological conditions, 232

Stream corridor, 17
adjustments, 49
common features, 24

Stream corridor scale, 22
in developing goals and objectives, 139

Stream health
visual assessment, 226

Stream instability, 211
bed instability, 212
local, 212
systemwide, 212

Stream order, 30
as a classification system, 199
stream continuum concept, 33

Stream scale, 22
Stream stability (balance), 24, 49
Stream system dynamics, 211
Substrate, 80

bed material particle size distribution, 197, 259
hyphorheic zone, 80
pebble count, 197
vertical (bed) stability

Subsurface flow, 44
Temporal scale, 22
Terrace, 28

formation, 28
numbering, 29

Thalweg, 24
profiles, 213
surveys, 213

Transitional upland fringe, 23, 28
Transpiration, 40
Two-dimensional flow modeling, 235
Urbanization, 107

altered channels, 107, 300
altered hydrology, 107, 300
design tools, 302
habitat and aquatic life, 108
inspection program, 316

runoff controls, 301
sediment controls, 301
sedimentation and contaminants, 108

Valley form, 242
Vegetation

across the stream corridor, 29
along the stream corridor, 33
canyon effect, 69
distribution and characteristics, 29, 33, 68
flooding tolerances, 238, 253
horizontal complexity, 70, 250
internal complexity (diversity), 70
landscape scale, 69
structure, 70
stream corridor scale, 69
vertical complexity (diversity), 70, 252
zonation, 238

Vegetation-hydroperiod modeling, 236
use in restoration, 254

Vegetation restoration, 249
existing vegetation,  247
inspection, 318
maintenance, 320
restoration species, 248
revegetation, 251, 312

Water surface
energy equation, 193
profile, 192
slope survey, 196

Water temperature, 53
effects of cover, 78
impacts of surface versus ground water pathways, 53
impacts on fauna, 78
sampling, 78
thermal loading, 54

Water quality
acidity, 55
alkalinity, 55
biochemical oxygen demand (BOD), 56
dissolved oxygen, 55, 79
(sampling) 222
iron, 54
metals, 63
nitrogen, 57
pH, 55, 79
(sampling) 221
phosphorus, 57
restoration implementation, 307
salinity, 54
toxic organic chemicals, 59

Watershed, 30
designing for drainage and topography, 244
drainage patterns, 31
watershed scale, 21

Wetlands, 73
functions, 74
hydrogeomorphic approach, 74
National Wetlands Inventory, 74
palustrine wetlands, 74
plant adaptation, 70
USFWS Classification of Wetlands and
Deepwater Habitats of the United States, 74

Width (see Connectivity and width)
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The following are presented as
examples of the many techniques that
are being used in support of stream
corridor restoration. Only a limited
number of techniques by broad cate-
gory are shown as examples. Neither
the number of examples nor their de-
scriptions are intended to be exhausti-
ve. The examples are conceptual and
contain little design guidance. All re-
storation techniques, however, should
be designed; often through an interdi-
sciplinary approach discussed in Part
II of this document. Limited guidance
is provided on applications, but local
standards, criteria, and specifications
should always be used.

These and other techniques have
specific ranges of applicability in ter-
ms of physical and climate adaptation,
as well as for different physiographic
regions of the country. Techniques that
are selected must be components of a
system designed to restore specific fun-
ctions and values to the stream corri-
dor.

The use of any single technique,
without consideration of system func-
tions and values, may become a short-
lived, ineffective fix laid on a system-
wide problem. All restoration techni-
ques are most effective when included
as an integral part of a restoration plan.
Typically a combination of techniques
are prescribed to address prevailing

conditions and desired goals.
Effective restoration will re-

spond to goals and objectives that are
determined locally through the plan-
ning process described in Chapters 4
though 6.

The restoration plan may pre-
scribe a variety of approaches depen-
ding on the condition of the stream
corridor and the restoration goals:
• No action. Simply remove distur-

bance factors and “let nature heal
itself.”

• Management. Modify disturbance
factors to allow continued use of
the corridor, while the system re-
covers.

• Manipulation. Change watershed,
corridor, or stream conditions
through land use changes, inter-
vention, and designed systems
ranging from installing practices
to altering flow conditions, to
changing stream morphology and
alignment.

Regardless of the techniques ap-
plied, they should restore the desired
functions and achieve the goals of the
restoration plan. The following are ge-
neral considerations that apply to many
or all of the techniques in this appen-
dix:
• The potential adverse impacts

from failure of these and other tech-
niques should be assessed before

they are used.
• Techniques that change the chan-

nel slope or cross section have a
high potential for causing channel
instability upstream and down-
stream. They should therefore be
analyzed and designed by an inter-
disciplinary team of professionals.
These techniques include: weirs,
sills, grade control measures, chan-
nel realignment, and meander re-
construction.

• The potential impact on flood ele-
vations should be analyzed before
these and other techniques are
used.

• Many techniques will not endure
on streams subject to headcuts or
general bed degradation.

• Some form of toe protection will be
required for many bank treatment
techniques to endure where scour
of the streambank toe is anticipat-
ed.

• Any restoration technique in-
stalled in or in contact with
streams, wetlands, floodplains, or
other water bodies are subject to
various federal, state, and local
regulatory programs and require-
ments. Most techniques present-
ed in this appendix would require
the issuance of permits by federal,
state, and local agencies prior to
installation.

APPENDIX A
“The outstanding scientific discovery of the twentieth century is not television, or
radio, but rather the complexity of the land organism. Only those who know the
most about it can appreciate how little we know about it. The last word in
ignorance is the man who says of an animal or plant: “What good is it?” If the
land mechanism as a whole is good, then every part is good, whether we
understand it nor not. If the biota, in the course of aeons, has built something we
like but do not understand, then who but a fool would discard seemingly
useless parts? To keep every cog and wheel is the first precaution of intelligent
tinkering.”

Aldo Leopold 1953, pp. 145-146

Introduction

The user of this document is cau-
tioned not to attempt to replicate
or apply any of the techniques dis-
played without determining their
appropriateness as an integral
part of the restoration plan.
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Weirs or Sills Applications and Effectiveness
• Create structural and hydraulic diversity in uniform channels.
• If placed in series, they should not be so close together that all riffle and run habitat is

eliminated.
• Pools will rapidly fill with sediment in streams transporting heavy bed material loads.
• Riffles often are created in downstream deposition areas.
• Weirs placed in sand bed streams are subject to failure by undermining.
• Potential to become low flow migration barriers.
• Selection of material is important.

– Boulder weirs are generally more permeable than other materials and might not perform
well for funneling low flows. Voids between boulders may be chinked with smaller
rock and cobbles to maintain flow over the crest.

– Large, angular boulders are most desirable to prevent movement during high flows.
– Log weirs will eventually decompose.

• Design cross channel shape to meet specific need(s).
– Weirs placed perpendicular to flow work well for creating backwater.
– Diagonal orientations tend to redistribute scour and deposition patterns immediately

downstream.
– Downstream “V’s” and “U’s” can serve specific functions but caution should be

exercised to prevent failures.
– Upstream “V’s” or “U’s” provide mid-channel, scour pools below the weir for fish

habitat, resting, and acceleration maneuvers during fish passage.
– Center at lower elevation than sides will maintain a concentrated low flow channel.

For More Information
• Consult the following references: Nos. 11, 13, 44, 55, 58, 60, 69.

APPENDIX A: TECHNIQUES
INSTREAM PRACTICES

Boulder Clusters

Groups of boulders placed in the base
flow channel to provide cover, create
scour holes, or areas of reduced
velocity.

Applications and Effectiveness
• Can be used in most stream habitat types including riffles, runs, flats, glides and open

pools.
• Greatest benefits are realized in streams with average flows exceeding 2 feet per second.
• Group placements are most desirable. Individual boulder placement might be effective

in very small streams.
• Most effective in wide, shallow streams with gravel or rubble beds.
• Also useful in deeper streams for providing cover and improving substrate.
• Not recommended for sand bed (and smaller bed materials) streams because they tend

to get buried.
• Added erosive forces might cause channel and bank failures.
• Not recommended for streams which are aggrading or degrading.
• May promote bar formation in streams with high bed material load.

For More Information
• Consult the following references: Nos. 11, 13, 21, 34, 39, 55, 60, 65, 69.

Log, boulder, or quarrystone struc-
tures placed across the channel and
anchored to the streambank and/or
bed to create pool habitat, control bed
erosion, or collect and retain gravel.



APPENDIXES366

Biologia Ambientale, 16 (n. 2, 2002)

Fish Passages Applications and Effectiveness
• Can be appropriate in streams where natural or human placed obstructions such as

waterfalls, chutes, logs, debris accumulations, beaver dams, dams, sills, and culverts
interfere with fish migration.

• The aquatic ecosystem must be carefully evaluated to assure that fish passages do not
adversely impact other aquatic biota and stream corridor functions.

• Slopes, depths and relative positions of the flow profile for various flow ranges are
important considerations. Salmonids, for example, can easily negotiate through vertical
water drops where the approach pool depth is 1.25 times the height of the (drop subject
to an overall species-specific limit on height) (CA Dept. of Fish and Game, 1994).

• The consequences of obstruction removal for fish passage must be carefully evaluated.
In some streams, obstructions act as barriers to undesirable exotics (e.g. sea lamprey)
and are useful for scouring and sorting of materials, create important backwater habitat,
enhance organic material input, serve as refuge for assorted species, help regulate water
temperature, oxygenate water, and provide cultural resources.

• Designs vary from simple to complex depending on the site and the target species.

For More Information
• Consult the following references: Nos., 11, 69, 81.

INSTREAM PRACTICES

Any one of a number of instream
changes which enhance the
opportunity for target fish species to
freely move to upstream areas for
spawning, habitat utilization, and other
life functions.

Log/Brush/Rock Shelters

Logs, brush, and rock structures
installed in the lower portion of
streambanks to enhance fish habitat,
encourage food web dynamics,
prevent streambank erosion, and
provide shading.

Applications and Effectiveness
• Most effective in low gradient stream bends and meanders where open pools are already

present and overhead cover is needed.
• Create an environment for insects and other organisms to provide an additional food

source.
• Can be constructed from readily available materials found near the site.
• Not appropriate for unstable streams which are experiencing severe bank erosion and/

or bed degradation unless integrated with other stabilization measures.
• Important in streams where aquatic habitat deficiencies exist.
• Should, where appropriate, be used with soil bioengineering systems and vegetative

plantings to stabilize the upper bank and ensure a regenerative source of streambank
vegetation.

• Not generally as effective on the inside of bendways.
For More Information
• Consult the following references: Nos. 11, 13, 39, 55, 65.

Lunker Structures

Cells constructed of heavy wooden
planks and blocks which are imbed-
ded into the toe of streambanks at
channel bed level to provide covered
compartments for fish shelter, habitat,
and prevention of streambank
erosion.

Applications and Effectiveness
• Appropriate along outside bends of streams where water depths can be maintained at or

above the top of the structure.
• Suited to streams where fish habitat deficiencies exist.
• Should, where appropriate, be used with soil bioengineering systems and vegetative

plantings to stabilize the upper bank and ensure a regenerative source of streambank
vegetation.

• Are often used in conjunction with wing deflectors and weirs to direct and manipulate
flows.

• Are not recommended for streams with heavy bed material loads.
• Most commonly used in streams with gravel-cobble beds.
• Heavy equipment may be necessary for excavating and installing the materials.
• Can be expensive.

For More Information
• Consult the following references: Nos. 10, 60, 65, 85.
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Migration Barriers Applications and Effectiveness
• Effective for specific fishery management needs such as separating species or controlling

nuisance species by creating a barrier to migration.
• Must be carefully evaluated to assure migration barriers do not adversely impact other

aquatic biota and stream corridor functions.
• Both physical structures or electronic measures can be used as barriers.

– Structures can be installed across most streams, but in general they are most practical
in streams with baseflows depths under two feet and widths under thirty feet.

– Temporary measures such as seines can also be used under the above conditions.
– Electronic barriers can be installed in deeper channels to discourage passage. Electronic

barrier employs lights, electrical pulses or sound frequencies to discourage fish from
entering the area. This technique has the advantage of not disturbing the stream and
providing a solution for control in deep water.

• Barriers should be designed so that flood flows will not flank them and cause failures.
For More Information
• Consult the following references: Nos. 11, 55.

INSTREAM PRACTICES

Obstacles placed at strategic
locations along streams to prevent
undesirable species from accessing
upstream areas.

Tree Cover

Felled trees placed along the
streambank to provide overhead cover,
aquatic organism substrate and
habitat, stream current deflection,
scouring, deposition, and drift
catchment.

Applications and Effectiveness
• Can provide benefits at a low installation cost.
• Particularly advantageous in streams where the bed is unstable and felled trees can be

secured from the top of bank.
• Channels must be large enough to accommodate trees without threatening bank erosion

and limiting needed channel flow capacity.
• Design of adequate anchoring systems is necessary.
• Not recommended if debris jams on downstream bridges might cause subsequent

problems.
• Require frequent maintenance.
• Susceptible to ice damage.

For More Information
• Consult the following references: Nos. 11, 55, 69.

Wing Deflectors

Structures that protrude from either
streambank but do not extend entirely
across a channel. They deflect flows
away from the bank, and scour pools
by constricting the channel and
accelerating flow.

Applications and Effectiveness
• Should be designed and located far enough downstream from riffle areas to avoid backwater

effects that would drown out or otherwise damage the riffle.
• Should be sized based on anticipated scour.
• The material washed out of scour holes is usually deposited a short distance downstream

to form a bar or riffle area. These areas of deposition are often composed of clean gravels
that provide excellent habitat for certain species.

• Can be installed in series on alternative streambanks to produce a meandering thalweg
and associated structural diversity.

• Rock and rock-filled log crib deflector structures are most common.
• Should be used in channels with low physical habitat diversity, particularly those with

a lack of stable pool habitat.
• Deflectors placed in sand bed streams may settle or fail due to erosion of sand, and in

these areas a filter layer or geotextile might be needed underneath the deflector.

For More Information
• Consult the following references: Nos. 10, 11, 18, 21, 34, 48, 55, 59, 65, 69, 77.
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Grade Control Measures Applications and Effectiveness
• If a stable channel bed is essential to the design, grade control should be considered as a

first step before any restoration measures are implemented (if degradational processes
exist in channel system).

• Used to stop headcutting in degrading channels.
• Used to build bed of incised stream to higher elevation.
• Can improve bank stability in an incised channel by reducing bank heights.
• Man-made scour holes downstream of structures can provide improved aquatic habitat.
• Upstream pool areas created by structures provide increased low water depths for

aquatic habitat.
• Potential to become low flow migration barrier.
• Can be designed to allow fish passage.
• If significant filling occurs upstream of structure, then downstream channel degradation

may result.
• Upstream sediment deposition may cause increased meandering tendencies.
• Siting of structures is critical component of design process, including soil mechanics and

geotechnical engineering.
• Design of grade control structures should be accomplished by an experienced river

engineer.

For More Information
• Consult the following references: Nos. 1, 4, 5, 6, 7, 12, 17, 18, 25, 26, 31, 37, 40, 63, 66,

84.

INSTREAM PRACTICES

Rock, wood, earth, and other material
structures placed across the channel
and anchored in the streambanks to
provide a “hard point” in the
streambed that resists the erosion
forces of the degradational zone, and/
or to reduce the upstream energy
slope to prevent bed scour.

STREAMBANK TREATMENT

Bank Shaping and Planting

Regrading streambanks to a stable
slope, placing topsoil and other
materials needed for sustaining plant
growth, and selecting, installing and
establishing appropriate plant
species.

Applications and Effectiveness
• Most successful on streambanks where moderate erosion and channel migration are

anticipated.
• Reinforcement at the toe of the embankment is often needed.
• Enhances conditions for colonization of native species.
• Used in conjunction with other protective practices where flow velocities exceed the

tolerance range for available plants, and where erosion occurs below base flows.
• Streambank soil materials, probable groundwater fluctuation, and bank loading conditions

are factors for determining appropriate slope conditions.
• Slope stability analyses are recommended.
For More Information
• Consult the following references: Nos. 11, 14, 56, 61, 65, 67, 68, 77, 79.

AFTER

BEFORE
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Branch Packing Applications and Effectiveness
• Commonly used where patches of streambank have been scoured out or have slumped

leaving a void.
• Appropriate after stresses causing the slump have been removed.
• Less commonly used on eroded slopes where excavation is required to install the

branches.
• Produces a filter barrier that prevents erosion and scouring from streambank or overbank

flows.
• Rapidly establishes a vegetated streambank.
• Enhances conditions for colonization of native species.
• Provides immediate soil reinforcement.
• Live branches serve as tensile inclusions for reinforcement once installed.
• Typically not effective in slump areas greater than four feet deep or four feet wide.

For More Information
• Consult the following references: Nos. 14, 21, 34, 79, 81.

STREAMBANK TREATMENT

Alternate layers of live branches and
compacted backfill which stabilize and
revegetate slumps and holes in
streambanks.

Brush Mattresses

Combination of live stakes, live faci-
nes, and branch cuttings installed to
cover and physically protect stream-
banks; eventually to sprout and
establish numerous individual plants.

Applications and Effectiveness
• Form an immediate protective cover over the streambank.
• Capture sediment during flood flows.
• Provide opportunities for rooting of the cuttings over the streambank.
• Rapidly restores riparian vegetation and streamside habitat.
• Enhance conditions for colonization of native vegetation.
• Limited to the slope above base flow levels.
• Toe protection is required where toe scour is anticipated.
• Appropriate where exposed streambanks are threatened by high flows prior to vegetation

establishment.
• Should not be used on slopes which are experiencing mass movement or other slope

instability.

For More Information
• Consult the following references: Nos. 14, 21, 34, 56, 65, 77, 79, 81.

Coconut Fiber Roll

Cylindrical structures composed of
coconut husk fibers bound together
with twine woven from coconut
material to protect slopes from
erosion while trapping sediment
which encourages plant growth within
the fiber roll.

Applications and Effectiveness
• Most commonly available in 12 inch diameter by 20 foot lengths.
• Typically staked near the toe of the streambank with dormant cuttings and rooted

plants inserted into slits cut into the rolls.
• Appropriate where moderate toe stabilization is required in conjunction with restoration

of the streambank and the sensitivity of the site allows for only minor disturbance.
• Provide an excellent medium for promoting plant growth at the water’s edge.
• Not appropriate for sites with high velocity flows or large ice build up.
• Flexibility for molding to the existing curvature of the streambank.
• Requires little site disturbance.
• The rolls are buoyant and require secure anchoring.
• Can be expensive.
• An effective life of 6 to 10 years.
• Should, where appropriate, be used with soil bioengineering systems and vegetative

plantings to stabilize the upper bank and ensure a regenerative source of streamside
vegetation.

• Enhances conditions for colonization of native vegetation.

For More Information
• Consult the following references: Nos. 65, 77.
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Dormant Post Plantings Applications and Effectiveness
• Can be used as live piling to stabilize rotational failures on streambanks where minor

bank sloughing is occurring.
• Useful for quickly establishing riparian vegetation, especially in arid regions where

water tables are deep.
• Will reduce near bank stream velocities and cause sediment deposition in treated areas.
• Reduce streambank erosion by decreasing the near-bank flow velocities.
• Generally self-repairing and will restem if attacked by beaver or livestock; however,

provisions should be made to exclude such herbivores where possible.
• Best suited to non-gravely streams where ice damage is not a problem.
• Will enhance conditions for colonization of native species.
• Are less likely to be removed by erosion than live stakes or smaller cuttings.
• Should, where appropriate, be used with soil bioengineering systems and vegetative

plantings to stabilize the upper bank and ensure a regenerative source of streamside
vegetation.

• Unlike smaller cuttings, post harvesting can be very destructive to the donor stand,
therefore, they should be gathered as ‘salvage’ from sites designated for clearing, or
thinned from dense stands.

For More Information
• Consult the following references: Nos. 65, 77, 79.

STREAMBANK TREATMENT

Plantings of cottonwood, willow,
poplar, or other species embedded
vertically into streambanks to increase
channel roughness, reduce flow
velocities near the slope face, and trap
sediment.

Vegetated Gabions

Wire-mesh, rectangular baskets filled
with small to medium size rock and
soil and laced together to form a
structural toe or sidewall. Live branch
cuttings are placed on each
consecutive layer between the rock
filled baskets to take root, consolidate
the structure, and bind it to the slope.

Applications and Effectiveness
• Useful for protecting steep slopes where scouring or undercutting is occurring or there

are heavy loading conditions.
• Can be a cost effective solution where some form of structural solution is needed and

other materials are not readily available or must be brought in from distant sources.
• Useful when design requires rock size greater than what is locally available.
• Effective where bank slope is steep and requires moderate structural support.
• Appropriate at the base of a slope where a low toe wall is needed to stabilize the slope

and reduce slope steepness.
• Will not resist large, lateral earth stresses.
• Should, where appropriate, be used with soil bioengineering systems and vegetative

plantings to stabilize the upper bank and ensure a regenerative source of streambank
vegetation.

• Require a stable foundation.
• Are expensive to install and replace.
• Appropriate where channel side slopes must be steeper than appropriate for riprap or

other material, or where channel toe protection is needed, but rock riprap of the desired
size is not readily available.

• Are available in vinyl coated wire as well as galvanized steel to improve durability.
• Not appropriate in heavy bedload streams or those with severe ice action because of

serious abrasion damage potential.

For More Information
• Consult the following references: Nos. 11, 18, 34, 56, 77.
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Joint Plantings Applications and Effectiveness
• Appropriate where there is a lack of desired vegetative cover on the face of existing or

required rock riprap.
• Root systems provide a mat upon which the rock riprap rests and prevents loss of fines

from the underlying soil base.
• Root systems also improve drainage in the soil base.
• Will quickly establish riparian vegetation.
• Should, where appropriate, be used with other soil bioengineering systems and vegetative

plantings to stabilize the upper bank and ensure a regenerative source of streambank
vegetation.

• Have few limitations and can be installed from base flow levels to top of slope, if live
stakes are installed to reach ground water.

• Survival rates can be low due to damage to the cambium or lack of soil/ stake interface.
• Thick rock riprap layers may require special tools for establishing pilot holes.

For More Information
• Consult the following references: Nos. 21, 34, 65, 77, 81.

STREAMBANK TREATMENT

Live stakes tamped into joints or
openings between rock which have
previously been installed on a slope
or while rock is being placed on the
slope face.

Live Cribwalls

Hollow, box-like interlocking arran-
gements of untreated log or timber
members filled above baseflow with
alternate layers of soil material and
live branch cuttings that root and
gradually take over the structural
functions of the wood members.

Applications and Effectiveness
• Provide protection to the streambank in areas with near vertical banks where bank

sloping options are limited.
• Afford a natural appearance, immediate protection and accelerate the establishment of

woody species.
• Effective on outside of bends of streams where high velocities are present.
• Appropriate at the base of a slope where a low wall might be required to stabilize the

toe and reduce slope steepness.
• Appropriate above and below water level where stable streambeds exist.
• Don’t adjust to toe scour.
• Can be complex and expensive.
• Should, where appropriate, be used with soil bioengineering systems and vegetative

plantings to stabilize the upper bank and ensure a regenerative source of streambank
vegetation.

For More Information
• Consult the following references: Nos. 11, 14, 21, 34, 56, 65, 77, 81.

Live Stakes

Live, woody cuttings which are tamped
into the soil to root, grow and create a
living root mat that stabilizes the soil
by reinforcing and binding soil
particles together, and by extracting
excess soil moisture.

Applications and Effectiveness
• Effective where site conditions are uncomplicated, construction time is limited, and an

inexpensive method is needed.
• Appropriate for repair of small earth slips and slumps that are frequently wet.
• Can be used to stake down surface erosion control materials.
• Stabilize intervening areas between other soil bioengineering techniques.
• Rapidly restores riparian vegetation and streamside habitat.
• Should, where appropriate, be used with other soil bioengineering systems and vegetative

plantings.
• Enhance conditions for colonization of vegetation from the surrounding plant community.
• Requires toe protection where toe scour is anticipated.

For More Information
• Consult the following references: Nos. 14, 21, 34, 56, 65, 67, 77, 79, 81.
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Live Fascines Applications and Effectiveness
• Can trap and hold soil on streambank by creating small dam-like structures and reducing

the slope length into a series of shorter slopes.
• Facilitate drainage when installed at an angle on the slope.
• Enhance conditions for colonization of native vegetation.
• Should, where appropriate, be used with other soil bioengineering systems and vegetative

plantings.
• Requires toe protection where toe scour is anticipated.
• Effective stabilization technique for streambanks, requiring a minimum amount of site

disturbance.
• Not appropriate for treatment of slopes undergoing mass movement.

For More Information
• Consult the following references: Nos. 14, 21, 34, 65, 77, 81.

STREAMBANK TREATMENT

Dormant branch cuttings bound
together into long sausage-like,
cylindrical bundles and placed in
shallow trenches on slopes to reduce
erosion and shallow sliding.

Log, Rootwad, and
Boulder Revetments

Boulders and logs with root masses
attached placed in and on stream-
banks to provide streambank erosion,
trap sediment, and improve habitat
diversity.

Applications and Effectiveness
• Will tolerate high boundary shear stress if logs and rootwads are well anchored.
• Suited to streams where fish habitat deficiencies exist.
• Should, where appropriate, be used with soil bioengineering systems and vegetative

plantings to stabilize the upper bank and ensure a regenerative source of streambank
vegetation.

• Will enhance diversity in riparian areas when used with soil bioengineering systems.
• Will have limited life depending on climate and tree species used. Some species, such as

cottonwood or willow, often sprout and accelerate colonization.
• Might need eventual replacement if colonization does not take place or soil bioengineering

systems are not used.
• Use of native materials can sequester sediment and woody debris, restore streambanks

in high velocity streams, and improve fish rearing and spawning habitat.
• Site must be accessible to heavy equipment.
• Materials might not be readily available at some locations.
• Can create local scour and erosion.
• Can be expensive.

For More Information
• Consult the following references: Nos. 11, 34, 77.

Riprap

A blanket of appropriately sized
stones extending from the toe of slope
to a height needed for long term
durability.

Applications and Effectiveness
• Can be vegetated (see joint plantings).
• Appropriate where long term durability is needed, design discharge are high, there is a

significant threat to life or high value property, or there is no practical way to otherwise
incorporate vegetation into the design.

• Should, where appropriate, be used with soil bioengineering systems and vegetative
plantings to stabilize the upper bank and ensure a regenerative source of streambank
vegetation.

• Flexible and not impaired by slight movement from settlement or other adjustments.
• Should not be placed to an elevation above which vegetative or soil bioengineering

systems are an appropriate alternative.
• Commonly used form of bank protection.
• Can be expensive if materials are not locally available.

For More Information
• Consult the following references: Nos. 11, 14, 18, 34, 39, 56, 67, 70, 77.
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Stone Toe Protection Applications and Effectiveness
• Should be used on streams where banks are being undermined by toe scour, and where

vegetation cannot be used.
• Stone prevents removal of the failed streambank material that collects at the toe, allows

revegetation and stabilizes the streambank.
• Should, where appropriate, be used with soil bioengineering systems and vegetative

plantings to stabilize the upper bank and ensure a regenerated source of streamside
vegetation.

• Can be placed with minimal disturbance to existing slope, habitat, and vegetation.

For More Information
• Consult the following references: Nos. 10, 21, 56, 67, 77, 81.

STREAMBANK TREATMENT

A ridge of quarried rock or stream
cobble placed at the toe of the stream-
bank as an armor to deflect flow from
the bank, stabilize the slope and
promote sediment deposition.

Tree Revetments

A row of interconnected trees attached
to the toe of the streambank or to
deadmen in the streambank to reduce
flow velocities along eroding stream-
banks, trap sediment, and provide a
substrate for plant establishment and
erosion control.

Applications and Effectiveness
• Design of adequate anchoring systems is necessary.
• Wire anchoring systems can present safety hazards.
• Work best on streams with streambank heights under 12 feet and bankfull velocities

under 6 feet per second.
• Use inexpensive, readily available materials.
• Capture sediment and enhances conditions for colonization of native species particularly

on streams with high bed material loads.
• Limited life and must be replaced periodically.
• Might be severely damaged by ice flows.
• Not appropriate for installation directly upstream of bridges and other channel

constrictions because of the potential for downstream damages should the revetment
dislodge.

• Should not be used if they occupy more than 15 percent of the channel’s cross sectional
area at bankfull level.

• Not recommended if debris jams on downstream bridges might cause subsequent
problems.

• Species that are resistant to decay are best because they extend the establishment
period for planted or volunteer species that succeed them.

• Requires toe protection where toe scour is anticipated.
• Should, where appropriate, be used with soil bioengineering systems and vegetative

plantings to stabilize the upper bank and ensure a regenerated source of streamside
vegetation.

For More Information
• Consult the following references: Nos. 11, 21, 34, 56, 60, 77, 79.



APPENDIXES374

Biologia Ambientale, 16 (n. 2, 2002)

Vegetated Geogrids Applications and Effectiveness
• Quickly establish riparian vegetation if properly designed and installed.
• Can be installed on a steeper and higher slope and has a higher initial tolerance of flow

velocity than brush layering.
• Can be complex and expensive.
• Produce a newly constructed, well-reinforced streambank.
• Useful in restoring outside bends where erosion is a problem.
• Capture sediment and enhances conditions for colonization of native species.
• Slope stability analyses are recommended.
• Can be expensive.
• Require a stable foundation.

For More Information
• Consult the following references: Nos. 10, 11, 14, 21, 34, 56, 65, 77.

STREAMBANK TREATMENT

Alternating layers of live branch
cuttings and compacted soil with
natural or synthetic geotextile mate-
rials wrapped around each soil lift to
rebuild and vegetate eroded stream-
banks.

Applications and Effectiveness
• Provide an interim means of reducing the sediment load from a stream.
• Used occasionally to sort sediment sizes.
• Temporarily reduce excessive sediment loads until the upstream watershed can be

protected from accelerated erosion.
• Can also be used to separate out sediment which may be causing damages downstream

along reaches which are incapable of transporting the sediment sizes.
• Can be integrated with more permanent stormwater management ponds.
• Can only trap the upper range of particle sizes (sand and gravel) and allow finer

particles (silt and clay) to pass through.
• Require a high level of analysis.
• Require periodic dredging and other maintenance.

For More Information
• Consult the following references: Nos. 10, 13, 29, 45, 49, 69, 74, 80.

WATER MANAGEMENT

Sediment Basins

Barriers, often employed in conjun-
ction with excavated pools, con-
structed across a drainage way or off-
stream and connected to the stream
by a flow diversion channel to trap and
store waterborne sediment and
debris.
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Water Level Control Applications and Effectiveness
• Appropriate where flow depth in the stream, adjoining wetland, or the interdependent

saturation zone in the adjoining riparian area is insufficient to provide desired functions.
• Need will often vary by season and requires flexible control devices which can be

managed accordingly.
• The complexities of maintaining sediment balances, temperature elevation, change in

channel substrate, changes in flow regime, and a host of other considerations must be
factored into planning and design.

• Requires a high level of analysis.
For More Information
• Consult the following references: Nos. 11, 13, 15, 69, 75.

Stream Meander Restoration Applications and Effectiveness
• Used to create a more stable stream with more habitat diversity.
• Requires adequate area where adjacent land uses may constrain locations.
• May not be feasible in watersheds experiencing rapid changes in land uses.
• Streambank protection might be required on the outside of bends.
• Significant risk of failure.
• Requires a high level of analysis.
• May cause significant increases in flood elevations.
• Effective discharge should be computed for both existing and future conditions,

particularly in urbanized watersheds.

For More Information
• Consult the following references: Nos. 13, 16, 22, 23, 24, 46, 47, 52, 53, 54, 56, 61, 72,

75, 77, 78, 79, 86.

WATER MANAGEMENT

Managing water levels within the
channel and adjoining riparian zone
to control aquatic plants and restore
desired functions, including aquatic
habitat.

CHANNEL RECONSTRUCTION

Maintenance of
Hydraulic Connections

Maintenance of hydraulic connectivity
to allow movement of water and biota
between the stream and abandoned
channel reaches.

Applications and Effectiveness
• Used to prevent losses of aquatic habitat area and diversity.
• Slackwater areas adjoining the main channel have potential for spawning and rearing

areas for many fish species and are a key component of habitat for wildlife species that
live in or migrate through the riparian corridor.

• Recreation value can be enhanced if connecting channels are deep enough for small boats
or canoes.

• Effective along reaches of realigned channel where cutoffs have been made.
• Not effective in streams with insufficient stages or discharges to maintain satisfactory

hydraulic connections to the abandoned channel reaches.
• May require maintenance if sedimentation is a problem.
• May have limited life.
• Require a high level of analysis.

For More Information
• Consult the following references: Nos. 15, 56, 69, 75.

Transformation of a straightened
stream into a meandering one to
reintroduce natural dynamics improve
channel stability, habitat quality,
aesthetics, and other stream corridor
functions or values.

Restoration Alignment
Previous Alignment

Historical Alignment

Re-connected
Abandoned
Channel
(with control)

After

Before
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STREAM CORRIDOR MEASURES

Applications and Effectiveness
• Appropriate where livestock grazing is negatively impacting the stream corridor by

reducing growth of woody vegetation, decreasing water quality, or contributing to the
instability of streambanks.

• Once the system has recovered, rotational grazing may be incorporated into the
management plan.

• Must be coordinated with an overall grazing plan.

For More Information
• Consult the following references: Nos. 18, 39, 73.

Livestock Exclusion
or Management

Fencing, alternate sources of water
and shelter, and managed grazing to
protect, maintain, or improve riparian
flora and fauna and water quality.

Riparian Forest Buffers

Streamside vegetation to lower water
temperatures, provide a source of
detritus and large woody debris,
improve habitat, and to reduce sedi-
ment, organic material, nutrients,
pesticides and other pollutants
migrating to the stream.

Applications and Effectiveness
• Applicable on stable areas adjacent to permanent or intermittent streams, lakes, ponds,

wetlands and areas with ground water recharge.
• Unstable areas such as those with high surface erosion rates, mass soil movement, or

active gullies will require stabilization prior to establishment of riparian forest buffers.
• Tolerant plant species and supplemental watering may be needed in some areas.
• Sites in arid and semi-arid regions may not have sufficient soil moisture throughout the

growing season to support woody plants.
• Concentrated flow erosion, excessive sheet and rill erosion, or mass soil movement

must be controlled in upland areas prior to establishment of riparian forest buffers.

For More Information
• Consult the following references: Nos. 20, 34, 49, 51, 70, 78, 79, 81, 82, 88, 89.

Flushing for Habitat
Restoration

A high-magnitude, short duration
release from a reservoir to scour fine-
grained sediments from the stream-
bed and restore suitable instream
habitat.

Applications and Effectiveness
• Appropriate as part of an overall watershed management plan.
• May cause flooding of old floodplains below dams, depletion of gravel substrates, and

significant changes in channel geometry.
• Flushing of fine sediments at one location may only move the problem further

downstream.
• Seasonal discharge limits, rate of change of flow, and river stages downstream of

impoundment should be considered to avoid undesirable impacts to instream and riparian
habitat.

• Can be effective in improving gradation of streambed materials, suppression of aquatic
vegetation, and maintenance of stream channel geometry necessary for desired instream
habitat.

• Can induce floodplain scouring to provide suitable growing conditions for riparian
vegetation.

• Requires high level of analysis to determine necessary release schedule.
• May not be feasible in areas where water rights are fully allocated.

For More Information
• Consult the following references: Nos. 11, 13, 32, 35, 41, 45, 57, 61, 73, 74, 81.

After

Before
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Best Management
Practices: Agriculture

Applications and Effectiveness
• Used where current management systems are causing problems on-site or within farm

or field boundaries and have a high potential to impact the stream corridor.
• Also applied where watershed management plans are being implemented to improve

environmental conditions.
• Must fit within a comprehensive farm management plan, a watershed action plan, or a

stream corridor restoration plan.
• Should consider the four season conservation of the soil, water, and microbial resources

base.
• Tillage, seeding, fertility, pest management, and harvest operations should consider

environmental qualities and the potential to use adjacent lands in water and soil
conservation and management and pest management.

• Grazing land management should protect environmental attributes, including native
species protection, while achieving optimum, long-term resource use.

• Where crops are raised and the land class allows, pastures should be managed with crop
rotation sequences to provide vigorous forage cover while building soil and protecting
water and wildlife qualities.

• Orchards and nursery production should actively monitor pest and water management
techniques to protect ecosystem quality and diversity.

• Farm woodlots, wetlands, and field borders should be part of an overall farm plan that
conserves, protects, and enhances native plants and animals, soil, water, and scenic
qualities.

• BMPs may include: contour farming, conservation tillage, terracing, critical area planting,
nutrient management, sediment basins, filter strips, waste storage management, and
integrated pest management.

For More Information
• Consult the following references: Nos. 73, 78, 81.

WATERSHED MANAGEMENT

Individual and systematic approaches
aimed at mitigating non-point source
pollution from agricultural land.

Best Management
Practices: Forestland

Individual and systematic approaches
for mitigating non-point source pol-
lution from forestland.

Applications and Effectiveness
• Used where current management systems are causing problems in the watershed and

have a high potential to impact the stream corridor.
• Also applied where management plans are being implemented to restore one or more

natural resource functions in a watershed.
• Must consider how it fits within a comprehensive forestland management plan, a

watershed action plan, or a stream corridor restoration plan.
• BMPs may include: preharvest planning, streamside management measures, road

construction or reconstruction, road management, timber harvesting, site preparation
and forest generation, fire management, revegetation of disturbed areas, forest chemical
management, and forest wetland management.

For More Information
• Consult the following references: Nos. 9, 20, 27, 30, 34, 42, 49, 51, 70, 78, 79, 81, 82,

83, 88, 89.
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Best Management Practices:
Urban Areas

Applications and Effectiveness
• Used to improve and/or restore ecological functions which have been impaired by urban

activities.
• Needs to be integrated with BMPs on other lands in the landscape to assure that stream

restoration is applied along the entire stream corridor to the extent possible.
• The use of individual urban BMPs should be coordinated with an overall plan for

restoring the stream system.
• Urban sites are highly variable and have a high potential for disturbance.
• Applicability of the treatment to the site situation in terms of physical layout, relationship

to the overall system, arrangements for maintenance, and protection from disturbances
are often critical considerations.

• BMPs may include: extended detention dry basins, wet ponds, constructed wetlands,
oil-water separators, vegetated swales, filter strips, infiltration basins and trenches,
porous pavement, and urban forestry.

For More Information
• Consult the following references: Nos. 29, 34, 43, 49, 78, 80, 81, 83.

WATERSHED MANAGEMENT

Individual or systematic approaches
designed to offset, reduce, or protect
against the impacts of urban deve-
lopment and urban activities on the
stream corridor.

Flow Regime Enhancement

Manipulation of watershed features
(such as changes in land use or
construction of impoundments) for the
purpose of controlling streamflow and
improving physical, chemical and
biological functions.

Applications and Effectiveness
• Appropriate where human-induced changes have altered stream flow characteristics to

the extent that streams no longer support their former functions.
• Can restore or improve threatened functions (e.g., substrate materials or distribution of

flow velocities to support the natural food web).
• Can require extensive changes over broad areas involving many land users.
• Can be expensive.
• Has been used for remediation of depleted dissolved oxygen levels, reduction in salinity

levels, or to maintain a minimum flow level for downstream users.
• Must determine what impacts from historical changes in the flow regime over time can

be mitigated using flow enhancement techniques.
For More Information
• Consult the following references: Nos. 32, 39, 45, 57, 75, 81.

Streamflow Temperature
Management

Streamside vegetation and upland
practices to reduce elevated stream-
flow temperatures.

Applications and Effectiveness
• Effective for smaller streams where bank vegetation can provide substantial shading of

the channel and on which much of the canopy has been removed.
• Appropriate practices are those that establish streamside vegetation, increase vegetative

cover, increase infiltration and subsurface flow, maintain base flow, and reduce erosion.
• Turbid water absorbs more solar radiation than clear; therefore, erosion control in

watersheds can help in reducing thermal pollution.
• Flow releases from cooler strata of reservoirs must be exercised with caution. Although

cooler, water from this source is generally low in dissolved oxygen and must be aerated
before discharging downstream. Selective mixing of the reservoir withdrawal can moderate
temperature as may be required.

• There might be opportunities in irrigated areas to cool return flows prior to discharge to
streams.

For More Information
• Consult the following references: Nos. 32, 39, 45, 73, 80, 81, 88, 89.
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Length
Unit of measure Abbreviation m m c m m k m in ft m i

millimeter mm 1 0.1 0.001 — 0.0394 0.003 —
centimeter cm 10 1 0.01 — 0.394 0.033 —
meter m 1000 100 1 0.001 39.37 3.281 —
kilometer km — — 1000 1 — 3281 0.621
inch in 25.4 2.54 0.0254 — 1 0.083 —
foot f t 304.8 30.48 0.305 — 12 1 —
mile mi — — 1609 1.609 — 5280 1

Area
Unit of measure Abbreviation m2 ha km2 ft2 acre mi2

square meter m2 1 — — 10.76 — —
hectare ha 10000 1 0.01 107600 2.47 0.00386
square kilometer km2 1x106 100 1 — 247 0.386
square foot ft2 0.093 — — 1 — —
acre acre 4050 0.405 — 43560 1 0.00156
square mile mi2 — 259 2.59 — 640 1

Volume
Unit of measure Abbreviation km3 m3 L Mgal acre-ft ft3 gal

cubic kilometer km3 1 1x10 9 — — 811000 — —
cubic meter m3 — 1 1000 — — 35.3 264
liter L — 0.001 1 — — 0.0353 0.264
million U.S. gallons Mgal — — — 1 3.07 134000 1x106

acre-foot acre-ft — 1233 — 0.3259 1 43560 325848
cubic foot ft3 — 0.0283 28.3 — — 1 7.48
gallon gal — — 3.785 — — 0.134 1

Flow Rate
Unit of measure Abbreviation km3 /yr m 3 /s L/s mgd gpm cfs acre-ft/day

cubic kilometers/year km3 /yr 1 31.7 — 723 — 1119 2220
cubic meters/second m3 /s (m3 /sec) 0.0316 1 1000 22.8 15800 35.3 70.1
liters/second L/s (L/sec) — 0.001 1 0.0228 15.8 0.0353 0.070
million U.S. gallons/day mgd (Mgal/d) — 0.044 43.8 1 694 1.547 3.07
U.S. gallons/minute gpm (gal/min) — — 0.063 — 1 0.0022 0.0044
cubic feet/second cfs (ft3 /s) — 0.0283 28.3 0.647 449 1 1.985
acre-feet/day acre-ft/day — — 14.26 0.326 226.3 0.504 1

Temperature
Unit of measure Abbreviation F C

Fahrenheit F — .56 (after subtracting 32)
Celsius C 1.8 (then add 32) —

APPENDIX B
INCH-POUND / METRIC CONVERSION FACTORS
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Manoscritti. I lavori proposti per la pubblicazione devono essere
scritti su un unico lato del foglio e, compatibilmente con il loro
contenuto, devono essere suddivisi in: introduzione, materiali e
metodi, risultati, discussione, eventuali ringraziamenti, bibliografia,
tabelle, figure. Qualora il lavoro sia già stato pubblicato o sottopo-
sto all’attenzione di altri editori, la circostanza deve essere chiara-
mente segnalata: in tal caso il lavoro potrà essere preso in conside-
razione solo per la recensione nella sezione Informazione & Docu-
mentazione.

Titolo e Autori. Il titolo deve essere informativo e, se possibile, con-
ciso; deve essere indicato anche un titolo breve (massimo cinquanta
caratteri) da utilizzare come intestazione delle pagine successive alla
prima. Il titolo deve essere seguito dal cognome e dal nome (per
esteso) di tutti gli autori. Di ogni autore (contrassegnato da un ri-
chiamo numerico) deve essere riportato l’indirizzo postale completo
dell’istituto nel quale è stato svolto lo studio. Il nome dell’autore
referente per la corrispondenza con la redazione e con i lettori deve
essere contrassegnato anche da un asterisco; il suo indirizzo di po-
sta ordinaria deve essere seguito anche dal numero di telefono, di
fax e dall’indirizzo di posta elettronica; soltanto tramite quest’ultimo
saranno inviate le bozze per la correzione.

Riassunto, abstract e parole chiave. Il riassunto (lunghezza massi-
ma 250 parole) deve sintetizzare lo scopo dello studio, descrivere gli
esperimenti, i principali risultati e le conclusioni; deve essere segui-
to dalle parole chiave, separate da una barra obliqua. Devono esse-
re altresì riportati in lingua inglese il titolo e un abstract (massimo
250 parole), seguiti dalle key words separate da una barra obliqua.

Figure e tabelle. Le figure, con la loro didascalia al piede e nume-
rate con numeri arabi, non devono essere inserite nel testo, ma in
fogli separati alla fine del testo. È gradita l’indicazione, a penna,
della posizione preferita per l’inserzione di ciascuna figura nel
dattiloscritto. Anche le tabelle devono essere riportate in fogli sepa-
rati, alla fine del dattiloscritto; devono essere complete di titolo e
numerate con numeri romani. Occorre curare titoli, legende e
didascalie in modo da rendere le tabelle e le figure autosufficienti,
comprensibili cioè anche senza consultare il testo. Per le figure (gra-
fici, disegni o fotografie di buona qualità), si raccomanda agli auto-
ri di verificare con opportune riduzioni l’aspetto finale e la leggibilità
delle scritte, tenendo conto che verranno stampate riducendone la
base a 80 mm (una colonna) o 170 mm (due colonne). Non inviare
fotografie o grafici a colori senza essersi accertati che la loro stampa
in bianco e nero assicuri comunque l’agevole riconoscibilità delle
diverse sfumature o retinature. Nella scelta degli accorgimenti grafi-
ci privilegiare sempre la facilità e immediatezza di lettura agli effet-
ti estetici.

Bibliografia. Al termine del testo deve essere riportata la bibliografia
in ordine alfabetico. Ad ogni voce riportata nell’elenco bibliografico
deve necessariamente corrispondere il riferimento nel testo e vice-
versa. Per il formato tipografico e la punteggiatura, attenersi stretta-
mente ai seguenti esempi:
Dutton I.M., Saenger P., Perry T., Luker G., Worboys G.L., 1994. An

integrated approach to management of coastal aquatic resources.
A case study from Jervis Bay, Australia. Aquatic Conservation:
marine and freshwater ecosystems, 4: 57-73.

Hellawell J.M., 1986. Biological indicators of freshwater pollution and
environmental management. Elsevier Applied Science Publishers,
London and New York, 546 pp.

Pulliam H.R., 1996. Sources and sinks: empirical evidence and popu-
lation consequences. In: Rhodes O.E., Chesser R.K., Smith M.H.
(eds.), Population dynamics in ecological space and time. The Uni-
versity of Chicago Press, Chicago: 45-69.

Corbetta F., Pirone G., (1986-1987) 1988. I fiumi d’Abruzzo: aspetti
della vegetazione. In: Atti Conv. Scient. “I corsi d’acqua minori
dell’Italia appenninica. Aspetti ecologici e gestionali”, Aulla (MS),
22-24 giugno 1987. Boll. Mus. St. Nat. Lunigiana 6-7: 95-98.

Proposte di pubblicazione. Due copie del manoscritto su supporto
cartaceo devono essere inviate a:

Redazione di Biologia Ambientale,
ARPAT, Via del Patriota 2 – 54100 Massa (MS) – I

c.a. Giuseppe Sansoni
Il manoscritto deve essere accompagnato da una copia su supporto
magnetico; in alternativa, quest’ultima può essere inviata all’indi-
rizzo di posta elettronica biologia.ambientale@cisba.it
I manoscritti saranno sottoposti alla lettura di revisori scientifici; entro
due mesi l’autore indicato come referente per la corrispondenza sarà
informato delle decisioni della redazione. Per evitare ritardi nella
pubblicazione e revisioni del testo, si raccomanda vivamente agli
autori di prestare la massima cura anche alla forma espositiva che
deve essere concisa, chiara, scorrevole e in buon italiano, evitando
neologismi superflui. Tutte le abbreviazioni e gli acronimi devono
essere definiti per esteso alla loro prima occorrenza nel testo. I nomi
scientifici delle specie devono essere sottolineati (saranno convertiti in
corsivo prima della stampa).
I dattiloscritti, compreso il materiale illustrativo, non verranno restitu-
iti, salvo esplicita richiesta dell’autore all’atto dell’invio del materiale.
La redazione si riserva il diritto di apportare ritocchi linguistici e
grafici e di respingere i manoscritti che non rispettano i requisiti delle
presenti istruzioni per gli autori. Le opinioni espresse dagli autori
negli articoli firmati non rispecchiano necessariamente le posizioni
del C.I.S.B.A.

Bozze ed estratti. Le bozze di stampa verranno inviate all’autore
indicato come referente per la corrispondenza, che deve impegnarsi
ad una correzione molto accurata e al nuovo invio alla redazione
entro 5 giorni; trascorso tale periodo, il lavoro può essere pubblicato
con le sole correzioni dell’editore. All’autore referente per la corri-
spondenza verrà inviato il numero della rivista e, tramite e-mail, il
file dell’estratto in formato *.PDF, utilizzabile per riprodurre il nu-
mero desiderato di estratti.

Formato dei file. Oltre al manoscritto vanno inviati, su supporto
magnetico, i relativi file. Per assicurare la compatibilità con tutti i
programmi di videoscrittura e di impaginazione il file contenente il
testo va inviato in triplice versione: formato solo testo (*.txt), rich
text format (*.rtf) e WinWord (*.doc, preferibilmente salvato nel for-
mato della sua penultima versione commerciale). I grafici devono
essere in bianco e nero ed essere sempre accompagnati dalla tabella
dei dati di origine; per quelli realizzati con fogli elettronici inviare il
file contenente i grafici e i dati di origine (preferibilmente salvato
nella penultima versione commerciale di Excel) al fine di consenti-
re eventuali modifiche al formato volte a migliorarne la leggibilità. I
file delle figure al tratto vanno inviati preferibilmente in formato
*.tif; quelli delle fotografie preferibilmente in formato *.jpg. Per for-
mati di file diversi da quelli sopra indicati, precisare il software uti-
lizzato. Per ogni chiarimento tecnico contattare Giuseppe Sansoni
(tel. 0585 899409, fax 0585 47000, e-mail: biologia.ambientale@cisba.it).
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In Italia, nella gestione dei corsi d’acqua, pre-
vale ancora un approccio ingegneristico stretta-
mente monodisciplinare; la rinaturazione degli
ambienti fluviali è propugnata da pochi, consi-
derati con sufficienza come utopisti o sognatori.
Perfino l’ingegneria naturalistica, sebbene volta
a sostituire il cemento con vegetali vivi, è ancora
applicata essenzialmente per le sue funzioni di
consolidamento, con scarsa attenzione alle fun-
zioni naturalistiche ed è spesso ridotta al mero
ruolo di cosmetico ambientale di opere idrauli-
che, per altri versi devastanti.

Il principale ostacolo al superamento di que-
sto approccio è la diffusa arretratezza culturale,
che inchioda i progettisti idraulici alla comoda
inerzia delle tecniche ingegneristiche tradizio-
nali.

Con la pubblicazione del volume Stream
Corridor Restoration, il CISBA intende scuotere
la pigrizia dei progettisti, mettere allo scoperto i
profondi limiti delle pratiche attuali e mostrare la
ricchezza culturale di un approccio interdisci-
plinare che fornisce a ciascuno stimoli di cresci-
ta professionale.

Il volume, redatto da 15 agenzie governative
americane con la collaborazione dei più autore-
voli esperti di numerose discipline, presenta i
principi e la pratica del ripristino dei corridoi
fluviali.

Per la completezza della trattazione, il ricco e
curato corredo d’illustrazioni, l’autorevolezza
delle fonti, l’utilità dei consigli pratici, degli ap-
profondimenti, dei casi-studio, il volume rappre-
senta un prezioso contributo all’affermazione di
una cultura della riqualificazione fluviale nel no-
stro paese. (Parte 3 di 3)S
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