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Chapter II-4
“Soils”

Stream Processes

M

any people are seeking to improve habitat and water
quality for salmon and trout in the Pacific Northwest. The most
common approach is to conduct stream and riparian
enhancement projects. An understanding of river processes,
floods, and floodplains is invaluable in planning successful
projects.
This chapter will provide basic information to help
landowners, watershed groups, and resource professionals
implement successful enhancement projects and management
plans that ultimately improve fish habitat and water quality.

STREAM CHANNEL
CLASSIFICATIONS
A watershed is an area of land that collects rain and snow
and discharges much of it to a stream, river, or other body of
water. A watershed’s stream network is composed of a main
stream and the tributaries that flow into it. Not all streams
within a watershed have the same characteristics. Several stream
classification systems have been developed to describe differences
among streams and compare one stream to another.
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IN THIS CHAPTER
YOU’LL LEARN:

■

Basic stream channel
classifications

■

How and why streams
meander and erode stream
banks

■

Floodplain functions

■

Impacts of land
management on rivers,
floods, and floodplains

■

Considerations for
conducting stream
restoration and
enhancement projects
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Stream order
Stream order is a useful way to classify streams
because, within a given climatic and geologic
region, certain stream orders tend to share many
features and processes. The most common
stream order classification system calls the
channel where a small stream first appears a firstorder stream and then increases the order with
each successive downstream junction with a
stream of equal or higher order. Thus, small
streams have low order numbers, while large
streams and rivers have high order numbers
(Figure 1).

Source, transport, and
deposition
Montgomery and Buffington (1998) devised
another useful stream classification system. They
separate streams into three categories: source,
Figure 1.—Stream orders according to Horton’s system of
transport, and depositional streams (Figure 2). They
classification. (Source: Principles of Forest Hydrology,
by J.D. Hewlett, University of Georgia Press, 1982)
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Figure 2.—Example of three different stream types in a watershed. (From Living in the
Environment: Principles, Connections, and Solutions, 7th ed., by G.T. Miller.
©1992. Reprinted with permission of Wadsworth, an imprint of the Wadsworth Group, a
division of Thomson Learning. Fax 800-730-2215)
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■

Source streams: These are headwater streams that are steep
(>20 percent), straight, and have no floodplain. They are source
areas for sediment and wood. In mountainous areas, they can be
prone to landslides in the stream channel, which carry wood,
sediment, and water downstream (debris torrents).

■

Transport streams: These streams typically have a moderate
gradient (3–20 percent). They develop small meanders in
moderately narrow valleys with small floodplains. Sediment and
wood are stored here temporarily while moving from source to
depositional areas.

■

Depositional streams: These streams are low-gradient (<3 percent).
They meander through wide valleys with large floodplains
(relative to stream size). Sediment and wood are deposited here
for long periods of time. These streams are the most sensitive to
changes in the watershed (for example, a change in sediment
supply).

Oregon Watershed Assessment Manual
The Oregon Watershed Assessment Manual classifies stream types
by stream gradient, confinement class (based on the ratio of stream
width to valley width), and stream size (based on Oregon
Department of Forestry designations). Figure 3 (page 4) illustrates
some of the stream types described by this classification system.

Rosgen stream classification
Dave Rosgen (1996) developed a more site-specific stream
classification system, which has been adopted by several resource
agencies and groups. His system is more complex and categorizes
streams by differences in channel gradient, bed materials, ratio of
width to depth, degree of meandering (sinuosity), and extent of
downcutting into the floodplain.

STREAMS ARE ALWAYS CHANGING
Streams constantly adjust their shape to changing conditions. The
following stream characteristics influence a stream’s shape.
■ Channel slope or gradient (drop in elevation over a given distance)
■

Stream flow or discharge (the volume of water moving through the
channel at a given time, usually expressed as cubic feet per
second)
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Figure 3.—Examples of Channel Habitat Types and their relative position in the watershed. (Source: Oregon
Watershed Assessment Manual, Oregon Watershed Enhancement Board, Salem, OR, 1999)
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■

Material in the streambed and banks such as silt, clay, sand, gravel,
cobble, boulders, bedrock, large wood, and tree roots

■

Amount of sediment moving through the stream network (silt, clay,
sand, gravel, cobble, and boulders)

■

The ratio of the stream’s width to its depth (Figure 4) ranging from
wide and shallow to narrow and deep

■

Sinuosity (Figure 5, page 6), the distance a river travels divided by
the straight-line distance from start to finish. A perfectly straight
channel has a sinuosity equal to one. The more the channel
meanders, the higher the number.

■

Amount and type of riparian vegetation, such as trees, shrubs, and
grasses
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Figure 4.—Width-to-depth diagram. (Illustration: Ralph Penunuri)

All of these factors are linked. If one variable changes, the others
will change in response. For example, if erosion increases in the
watershed, thus increasing the supply of sediment, there are several
possible results:
■ If the stream’s capacity to transport the sediment is
overwhelmed, the sediment might be deposited, thus raising the
elevation of the streambed.
■

Gravel bars might get bigger, causing erosion of the opposite
bank in order to maintain the same channel size.

■

Pools might fill in, reducing the quality of fish habitat.

The stream might increase from a single channel to multiple
channels.
Montgomery and Buffington (1993) offer several examples of
how increased sediment can affect streams. One is the Williams
River in Saskatchewan, Canada. As it passes through sand dunes,
the river picks up sediment and becomes a braided channel five
times wider and half as deep as it is upstream.
■
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Another wellstudied example
shows the effects of
hydraulic mining in
the Sierra Nevada
str
eam
Mountains of
len
gth
California. Large
amounts of sediment
were added to rivers
in the foothills of the
Sierras between 1850
and 1880 as miners
val
ley
used high-pressure
len
gth
water hoses to wash
rock and soil into
Sinuosity = stream length
streams, where it
valley length
could be sluiced for
gold. As a result,
channels filled in and
Figure 5.—How to measure and calculate sinuosity. (Illustration: Ralph Penunuri)
widened. This effect
progressed
downstream. Then,
after the “wave” of sediment passed through the stream, the stream
downcut into the material left behind.
Stream bank erosion is likely to increase if riparian vegetation is
removed along depositional streams with banks that are sensitive to
erosion. As a result, more sediment is deposited downstream,
possibly leading to channel widening and further bank erosion
downstream. Figures 6a and 6b illustrate two riparian conditions
along West Creek. Figure 6a depicts conditions with little bank
erosion. Figure 6b depicts an overgrazed riparian area with
increased erosion.

WHY DO STREAMS MEANDER?
Ninety percent of the world’s low-gradient rivers are single-channel,
meandering streams (Leopold, 1994). The word “meander” is
derived from a Greek word that means “to wander.”
A stream’s pattern develops naturally to dissipate energy and
carry sediment. Streams with steep gradients (source and transport
streams) dissipate their energy by creating pools through a series of
steps, falls, and plunges (Figure 7, page 8). They look relatively
straight on a map compared to meandering depositional streams.
This “step pool” pattern can be thought of as meanders turned on
their side.
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As the
stream’s slope
(gradient)
flattens, the
depositional
segments of a
stream dissipate
energy by
creating a
meandering
flow pattern
(Figure 8,
page 9).
Meanders cause
the river to
dissipate its
energy as the
water is forced
around the
bends.
Meanders in a
river are
analogous to
switchbacks in a
mountain road.
They reduce the
river’s slope and
therefore the
velocity of the
water. Energy
also is used up
through friction
of the water
against the
stream’s bed and
banks.

Figures 6a and 6b.—West Creek. 6a (top) depicts riparian conditions with little stream erosion.
6b (bottom) depicts an overgrazed riparian area with increased erosion. (Source: USFS)
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A regular
meander pattern
can be seen
from a distance.
You might
recognize
meanders on a
map or from an
airplane by
looking at the
shape of a river.
Each meander
might look
different, but the
basic pattern
often is repeated
over long
distances.
Research has
shown that
Figure 7.—A step pool transport stream. (Source: USFS)
meanders have a
predictable size and shape (Figure 9, page 10). Regardless of a
river’s size, there is a fairly constant relationship between the
wavelength of the meanders, the channel width, and the radius of
curvature. For example, low-gradient meandering streams
(depositional streams) tend to have a meander wavelength that is
10–14 times the channel width and a meander radius of curvature
2–3 times the channel width. Figure 10 (page 11) depicts common
stream channel geometry measurements.
The Walla Walla River was channelized and diked around
Milton-Freewater, Oregon to provide flood control. During the
1964 flood that affected much of the Pacific Northwest, the river
broke through dikes in several places when the flow exceeded the
capacity of the artificial channel. Once the river overtopped the
channel, it developed a regular meander pattern that was
superimposed over the straight channel. Figure 11 (page 11) shows
the river during the 1964 flood. The river is flowing from the
bottom of the photo to the top.

POOLS, RIFFLES, AND GRAVEL BARS
During high flows, the water’s velocity is greatest on the outside of
a bend and slowest on the inside. As a result, a pool is scoured on
the outside, and sediment is deposited on the inside. The inside of
the bend becomes a sand or gravel bar, also known as a point bar.
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Figure 8.—General landscape view of a meandering stream (Pudding River, Oregon). (Source: Farm Services Agency,
Marion County)

Water flowing through the straight parts of the channel between
bends tends to have lower velocity and form riffles. Riffles are
another form of gravel bar, in this case extending across the width
of the channel. Figure 12 (page 12) illustrates pools, riffles, and
point bars.
A gravel bar is an accumulation of sediment ranging in size from
sand and gravel to cobbles. Some of the sediment might move
downstream during high flows. However, the location and general
size of gravel bars tend to remain the same relative to the meander
bends. An everyday analogy is a group of cars stopped at a red
light. There always are a few cars stopped at the intersection, even
though individual cars move down the street from one intersection
to the next.
The shape of a stream channel is formed during annual high
flows. Although dramatic channel changes can occur during less
frequent flood events, it is the annual high flows that establish
Chapter II-3
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channel dimensions. Because annual
flows occur often, they move more
sediment over time than do less
frequent floods. Gravel bars are
deposited during high flows, then
remain in place and define the path of
the channel during low flows.
During low flows, pools are flatter,
deeper, and slower moving than
riffles. Riffles are steep and shallow.

THE EFFECTS OF
CHANNELIZING
RIVERS
Streams often are channelized to
make them more efficient at
transporting water, to reduce flooding,
or to drain wetlands. Sinuosity is
reduced when meandering streams
are “straightened” or “channelized.”
This practice can have several effects
on the stream. The length of the
channel is reduced, the gradient is
increased, and the water velocity is
increased.
These changes lead to higher
erosive forces, and the straightened
channel is likely to start eroding its
banks and/or downcutting into the
floodplain. The banks become higher,
steeper, and more prone to erosion.
Such a stream is known as incised, and
Figure 9.—Leopold’s diagram of meanders of different size rivers.
the
stream banks prevent it from
(Reprinted by permission of the publisher from A View of the River, by
flooding onto its floodplain during
Luna B. Leopold, Harvard University Press, Cambridge, MA © 1994
by the President and Fellows of Harvard College; originally published in
1- to 2-year flow events. The number
American Scientist 50:525 [1962].)
and depth of pools decrease.
Increasing erosion can increase
sediment deposited downstream of the channelized stretch of stream.
The straightened stream often tries to reestablish a meandering
pattern through bank erosion. The result is a stream that is trying to
rebuild its floodplain and meander pattern, but at a lower elevation
due to downcutting into the floodplain. Figures 13a and 13b
(pages 13, 14) show two examples of stream evolution and adjustment.
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THE STABLE
STREAM
CONCEPT

WAVELENGTH

BELT Width

A “stable” stream is not a
static stream. A stream is
considered “stable” if its
Radius of
Curvature
channel characteristics (the
channel width, depth,
gradient, sinuosity, and
Inflection
Point
sediment type and amount)
remain relatively constant
Bend Length = 1/2 Channel Distance A - B
over time and the stream
A
B
neither deposits excessive
sediment (aggrades) nor scours
and downcuts (degrades)
Figure 10.—Graphic of stream channel geometry. (Illustration: Ralph Penunuri)
(Rosgen, 1996). The stream’s
ability to transport sediment
is in balance with the sediment supply.

“Stable” streams migrate
A stream channel can maintain an
average meander pattern and
characteristics over a long distance.
However, the location of the channel
doesn’t necessarily remain in the same
place in the valley floor. Meander
bends migrate in a downstream
direction, and river channels can
move laterally across the valley floor
over time. This migration occurs as
the outside of bends erode and
gravel bars are deposited on the
inside of bends. The channel
migrates in the direction of the
strongest energy located on meander
bends. This pattern tends to make
meander bends migrate downstream
(Figure 14, page 15).
Sometimes a stream forms an
oxbow lake during high flows by
cutting off a meander and leaving
the old meander bend isolated from
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Figure 11.—Walla Walla River in the 1964 flood showing meanders in a
channelized section near Milton-Freewater. (Source: OSU Archives)
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the stream. These cutoffs are formed
because the stream’s sinuosity has
become too large and the slope too flat.
The stream adjusts its gradient by
straightening out a bend.
Stream channels tend to migrate
laterally as banks erode. Changes in a
stream’s characteristics can cause it to
migrate excessively as it adjusts.
Typical examples of accelerated
changes include vegetation loss and
increased sediment load.

Highflow
▼

▼
▼

▼

Pools
Lowflow
Riffles
▼

▼

Pointbars

▼

B

Predicting the extent of
channel migration

Even rivers that are actively migrating
and meandering tend to stay within a
predictable area of the valley floor
known as a meander belt. A meander
belt is delineated by drawing two parallel lines, one on each side of
the river, that connect the outside of meander bends (Figure 15,
page 16). Like meander length and radius of curvature, meander
belt width is related to channel width. A stream’s meander belt
width tends to vary from narrow for steep source streams to very
wide for very low-gradient depositional streams.
The area occupied by the meander belt, sometimes called the
channel migration zone, can be mapped to show where future bank
erosion and lateral channel migration are likely to occur. In narrow
valleys, the meander belt might occupy the entire width of the
valley floor. Understanding and mapping the channel migration
zone can help people planning transportation systems, rural and
urban infrastructure (zoning and location of houses, buildings,
roads, etc.), and riparian vegetation restoration projects. Figures 15
and 16 illustrate the channel migration of the Marys River over
time.

Figure 12.—Profile and plan view of pools, riffles, and point bars.
(Illustration: Ralph Penunuri)

STREAM BANK EROSION
AND STABILIZATION
Streams are constantly changing by meandering, migrating, and
rearranging pools, riffles, and gravel bars. Stream bank erosion is
an inherent part of these processes.
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1) W/D = 12

Wide, meandering stream

2) W/D = 3

Stream after channelization

3) W/D = 4

Over-steepened banks erode and stream downcuts

4) W/D = 12

Bank erosion continues, stream widens out at new,
lower level

5) W/D = 12

Stream has reestablished its original width-depth
ratio and sinuosity, but at a lower elevation

Figure 13a.—Example of stream evolution and adjustment. This stream initially was wide and shallow.
(Illustration: Ralph Penunuri)
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1) W/D = 6

Narrow, deep channel with well-vegetated banks

2) W/D = 12

Removal of bank vegetation causes accelerated
bank erosion, stream becomes wide and shallow

3) W/D = 6

Stream downcuts to restore sinuosity
and gradient

4) W/D = 6

Narrow, deep channel is reestablished at
a lower elevation

Figure 13b.—Example of stream evolution and adjustment. This stream initially was narrow and deep.
(Illustration: Ralph Penunuri)

A stream bank is a complex network of vegetation, roots, wood,
and sediment (clay, gravel, bedrock, etc.). Its roughness provides
resistance to the stream as it flows by. The stream dissipates energy
as it flows past this resistance. Erosion occurs when the stream
applies more energy to the bank than the bank can withstand.
Bank erosion sometimes is a symptom of changes in riparian
vegetation. Less vegetation means less root strength, making the
stream bank more susceptible to erosion. Banks also are more
prone to erosion if the stream downcuts below the rooting depth of
the streamside vegetation.
A narrow strip of riparian vegetation often is kept next to
streams to benefit fish, wildlife, and water quality. As conditions
change, a meandering stream might erode through this narrow
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buffer, leaving an unstable bank prone to excessive erosion
(Figure 17, page 17). A wider riparian buffer would allow for
change and help maintain bank stability.
Bank erosion also can be a symptom of larger changes in the
watershed. Watershed-wide changes, such as increased flow,
water velocity, and/or sediment deposition on gravel bars, can
force more energy into the stream bank.

“STABILIZING” STREAM BANKS

Deposition of sand and
gravel bar

Cutbank
erosion
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A “stable” stream meanders and migrates but maintains its
characteristics over at least two meander lengths (Rosgen,
personal communication). A “stable” stream might make minor
adjustments in its characteristics to maintain its stability, for
example, by cutting off a meander and leaving an oxbow lake.
Its stream bank has a complex network of vegetation, roots, and
Direction of
wood to allow some erosion while maintaining its characteristics
lateral
(e.g., width-to-depth ratio, sinuosity, and slope).
migration
Many projects try to permanently prevent a stream from
eroding and migrating. These projects typically place rock on
the bank (riprap) or build rock deflectors (barbs, groins, jetties,
etc.) to deflect flow away from the bank. Various amounts and
sizes of rock are used. However, if the stream is not allowed to
erode and migrate to adjust to changing conditions, it will have
Meander belt
to adjust downstream or upstream of the project area. These
Figure 14.—Lateral channel migration of
adjustments often result in more bank erosion and sediment
a meandering stream. (Source: USFS)
deposits than would have occurred without stabilization.
A good bank stabilization method temporarily withstands bank
erosion until riparian vegetation is established. Any project should
be designed to have minimum impacts upstream and downstream.
Many current methods use native plants (e.g., willows), natural
materials that decompose (e.g., fiber mats), logs, and some rocks.
The amount and size of rock and longevity of materials should
permit the bank to reestablish vegetation and allow the stream to
adjust over time. Analyzing the channel migration zone (belt width)
can help with planning the location and width of riparian
vegetation.
Remember, stream bank erosion is caused by many factors and is
a sign that a river is adjusting its characteristics to handle upstream
and downstream changes. All bank stabilization projects should
account for these off-site effects. Establishing and managing the
proper type and quantity of riparian vegetation is critical to
supporting stable stream conditions. See the “Resources” section for
technical assistance and more information.
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Downstream
flow direction

LARGE WOOD
IN STREAMS
AND
FLOODPLAINS

Random events such as
debris torrents, landslides,
and windstorms deliver
sediment and organic
materials to streams. In
many areas west of the
1994 river location
Cascades, these events
1956 river location
introduce trees and large
channel migration zone
wood to streams and
floodplains. Streams adjust
to the new wood over time
Figure 15.— Downstream meander migration of the Marys River between 1956 and
by depositing sediment (all
1994. (Source: USFS)
sizes) behind the
wood, scouring
pools, changing
sinuosity, eroding
stream banks, etc.
Much of this
wood was
removed in the
past to improve
river navigation,
transport logs
downstream, and
facilitate salmon
migration. Recent
research has
shown that large
wood is a critical
part of salmon
habitat in many
streams. It
1994 river location
provides refuge
1970 river location
1963 river location
during high flows,
1956 river location
nurse logs for
1000
0
1000
2000 Feet
1937 river location
reestablishing
channel migration zone
vegetation,
roads
wildlife habitat,
Figure 16.—Location of Marys River channel between 1937 and 1994. (Source: USFS)
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and future habitat
when the stream
migrates.
As part of the effort
to restore stream
habitat, large wood is
being placed in many
western Oregon
streams and
floodplains to
replenish the amount
historically present
(Figure 18, page 18).
This wood typically is
longer than 11/2 times
the stream channel
width and more than
2 feet in diameter. The
wood often moves
during high flows but
stays in the general
area if sized and
300
0
300
600 Feet
placed properly.
1994 river location
1937 river location
The size, amount,
channel migration zone
and placement of large
1994 riparian vegetation
wood can have major
effects on stream
Figure 17.—Marys River eroding through a narrow buffer. Note that the channel migration
conditions and fish
has pushed the location of the channel beyond the woody vegetation in the riparian zone in
habitat. Therefore, it is several places. The dotted line is the channel migration zone. (Source: USFS)
important to evaluate
the short- and long-term effects on stream conditions and habitat
when designing these projects. In addition, always consider the
upstream and downstream effects.
Establishing and managing the proper type and quantity of
riparian vegetation should complement the addition of large woody
material to the stream and floodplain. There should be enough
riparian vegetation to allow the stream to migrate without losing its
vegetation to erosion. Such changes occur within the overall
meander belt. Also, riparian vegetation should be managed to
provide a long-term source of large wood and shade.
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FLOODPLAIN
FUNCTIONS AND
MANAGEMENT

Figure 18.—Large wood being placed in the stream channel and floodplain of Beaver Creek in Curry County, OR. (Photo: Derek Godwin)

In spite of our efforts to control
floods, flood damage in the United
States has increased steadily and now
averages more than $2 billion per
year (1992 Federal Interagency
Floodplain Management Task Force).
Many of these costs are repetitive
(e.g., replacement of structures on
multiple occasions). Understanding
the function of floodplains and rivers
and managing floodplains better can
help reduce these costs.

What is a floodplain?
There are several definitions of a floodplain, such as:
“A floodplain is a level area near a river channel, constructed by
the river in the present climate and overflowed during moderate
flow events. Note the phrase ‘in the present climate,’ because a
floodplain can be abandoned and at least partly destroyed when
the climate becomes drier. An abandoned floodplain is called a
terrace.” (Leopold, 1994, p. 8)
“. . .all the alluvial surfaces that can still be reached by the
occasional great flood” (Schmudde, 1963, in Rechendorf, 1996).
This definition implies that there might be more than one
floodplain level adjacent to the river.
Perhaps the most basic and insightful definition was given by the
Army Corps of Engineers (1964):
“(A floodplain is) the relatively flat land bordering a river; it is
actually a part of the river channel and as such, carries water during
times of flood.” (italics added)
All definitions agree that the floodplain and river are part of the
same system.

Functions of a floodplain
The floodplain serves as a “safety valve” for a river. During a flood,
a river spreads out of its banks and over the floodplain (Figure 19).
The water that covers the floodplain moves more slowly, and
sediment carried by the floodwaters is deposited on the floodplain.
18 • Stream Processes
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These events often develop
fertile land along rivers.
Vegetation on floodplains
filters sediment and other
materials from water before it
reaches the river channel, thus
helping to maintain water
quality.
The floodplain acts as a
sponge to absorb floodwaters
and slowly release the water as
the flood recedes. A floodplain
can act as a natural reservoir,
thus reducing the height of the
flood downstream.
Chapter II-2, “Watershed
Hydrology,” defined flood
Figure 19.—A creek flowing outside of its banks and onto the floodplain.
frequencies and how return
intervals (e.g., a 100-year flood (Photo: USFS)
event) are based on the history of measured events. Remember that
it is entirely possible to have more than one “100-year flood” in a
century. For example, floods that occurred in the Willamette Valley
in 1861, 1890, and 1964 were classified as greater than or equal to
the theoretical 100-year flood level in Salem (Coulton, 1997).
The height of the 100-year flood is not an exact number, and
several sources of error can influence the accuracy of the
calculation. Chapter II-2 discusses the sources of error in estimating
flood size and return intervals.

LAND MANAGEMENT EFFECTS
ON FLOOD EVENTS
Floods are natural processes and only become disasters when people
and property are affected. If we build houses and businesses in
flood-prone areas, we put ourselves at risk. Over the years, we have
changed rivers in a variety of ways to provide flood control, drain
land for development or agriculture, or prevent bank erosion.
These projects sometimes have unintended consequences. We have
implemented many policies and practices that have changed how
rivers handle flooding, for better or worse. Some of these practices
are discussed below.

Chapter II-3
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Dams
Dams and reservoirs can hold back floodwaters and reduce the
height of peak flows. For instance, during the February 1996 flood,
the Corps of Engineers estimates that the height of the flood was
reduced by 9 feet in Eugene and 7.5 feet in Salem because of the
dams in the Willamette River basin (Branch, 1997).
Dams can give people a false sense of security. For instance,
within the Willamette River basin, dams and reservoirs control only
27 percent of the area. Flood control effectiveness diminishes
downstream from the reservoirs as undammed tributary streams
add to the river’s flow (Coulton, 1997).

Levees, dikes, and roads
Levees and dikes are built to prevent land adjacent to rivers from
flooding. Although flooding might decrease in the area adjacent to
the levees, it might increase downstream. Because levees and dikes
block the river’s access to its floodplain, the water that would have
spread across the floodplain is funneled downstream, possibly
increasing peak flows downstream. The water velocity also is
greater because of the funnel effect, worsening bank erosion
downstream. When the upper Mississippi River flooded in 1993,
the flood crests at St. Louis were as much as 9 feet higher than those
for an earlier flood of the same size because of upstream levees
(Williams, 1994).
When a levee does fail, the effects can be sudden and
catastrophic (Williams, 1994). During the 1996 floods, farmers in
the Willamette Valley found that scour due to levee breaks caused
more damage to their fields than did floodwaters (American
Institute of Hydrology, Pacific Northwest Water Issues Conference,
October 1997).
Roads often are built on levees in floodplains, producing the
same consequences.

Undersized bridges and culverts
Bridges and culverts that are too small to carry a stream’s flow
during flood events can back up water and cause flooding
upstream. Flooding problems in Salem during the February 1996
flood were compounded by undersized bridges (Reckendorf, 1997).
Undersized bridges also can cause sediment deposition upstream
because they slow the water, causing sediment to drop out.
Undersized bridges and culverts also are prone to plugging up with
debris, which can increase upstream flooding problems.
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Channelization
Channelization was a common practice in low-gradient streams and
floodplains between the 1930s and 1960s. Meandering stream
channels were straightened to make the stream more efficient at
moving water, to reduce the amount of land used by the stream,
and to drain the land next to the stream. More land then was
perceived to be available for agriculture, housing, roads, and other
development.
Straightening stream channels might make a stream more
efficient at moving water through that part of the stream but can
cause increased flooding downstream. Low-gradient streams
naturally follow a sinuous, meandering course. When meanders are
eliminated, the stream length is shortened. As a result, the gradient
becomes steeper, leading to higher water velocities and higher
instantaneous flows.
Many stream restoration projects around the United States are
rebuilding meandering stream channels where straightening has
degraded water quality and fish habitat.

Developing
land for towns, cities,
and suburbs makes
more of a watershed’s surface area
impermeable.
Rainfall no longer is
captured and stored
in the soil, and water
runs off the land and
into streams more
quickly.

Urbanization
Developing land for towns, cities, and suburbs makes more of a
watershed’s surface area impermeable. Rainfall no longer is
captured and stored in the soil, and water runs off the land and into
streams more quickly. As a result, high flows become higher, arrive
sooner after a storm starts, last for shorter periods of time, and
occur more frequently. Stream channels have to become larger to
carry the increased instantaneous runoff. This adjustment often is
made through bank erosion (which widens the stream channel)
and/or stream downcutting (which deepens the stream channel).
Streams also carry less water during nonrainfall periods, providing
less fish habitat.
Many streams in urban areas have been filled to increase the
land area for buildings. This practice magnifies the problems as the
water is routed to another nearby stream. Chapter II-2, “Watershed
Hydrology,” discussed some of the impacts of impervious surfaces
on stream flows.
Streams in urban settings often are straightened (channelized),
cleared of riparian vegetation, or contained by levees. Their banks
often are reinforced by rock, concrete, or other materials. These
channels are more efficient at transporting water quickly, but often
at the price of greater flooding and erosion downstream.
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Floodplain encroachment
Filling in floodplains with soil to build houses, businesses, and roads
reduces their ability to disperse energy by spreading out water, to
filter and absorb water, and to lessen the impact of floods. Also,
buildings placed in floodplains are at higher risk of flood damage.
For example, housing and business developments established on
floodplains in Tualatin and Salem were flooded in 1996
(Reckendorf, 1997).

CONSIDERATIONS FOR
STREAM RESTORATION
Improving stream functions and processes for aquatic life is an
important part of the Pacific Northwest salmon recovery effort.
Streams are complex systems influenced by many variables. Thus, it
is absolutely necessary to have a good understanding of any stream
under consideration for an improvement project.
Since people have different values and goals for streams, it is
important that everyone involved with a project define commonly
used terms to ensure a common vision. In this chapter, the terms
rehabilitation, restoration, and enhancement are used interchangeably to
imply the restoration of stream functions and processes to support
stated goals. Some common stream restoration goals include
improving salmon and trout habitat and establishing a stable stream
that carries its sediment load without aggrading or degrading.
The term condition refers to how well functions and processes
have been restored to meet these goals. Stream functions include
carrying and storing water, sediment, large wood, organic matter,
and other particles in the stream, riparian area, and floodplain.
Functions also include providing habitat, food, and water for
people, fish, and wildlife. Stream processes describe how the stream
carries and stores these materials and how it affects habitat, food,
and water quality.
The following are generally accepted steps for planning and
conducting a restoration project.
1. Define goals and functions to restore. For example, “improve
habitat for salmon and trout.”
2. Assess the stream’s present conditions. Stream classification
systems can be used to describe present functions and processes.
For example, “The stream is providing minimal deep pools for
fish habitat due to a high width-to-depth ratio, excessive erosion,
and a steep gradient.” These systems also might help determine
potential conditions.
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3. Identify the factors limiting the stream’s ability to reach stated
goals. For example, the management of a nearby road might be
limiting the amount and types of riparian vegetation, the extent
of erosion and channel migration, and the use of the floodplain.
This step requires a clear, detailed description of the factors
affecting the stream (e.g., bank erosion, downcutting, wide and
shallow channel, riparian conditions, upslope problems). If
possible, compare the degraded stream to a “stable” stream in the
same area with similar features (gradient, valley width, channel
size, etc.). At a minimum, identify the drainage area, stream flow
characteristics (timing, response to rainfall events, etc.), bankfull
discharge, and sediment type and transport characteristics.
4. Determine what stream characteristics and processes need to be
altered to reach the restoration goals. Consider short- and longterm changes. A stream’s condition is directly related to changes
upstream and downstream and to land-use changes throughout
the watershed. Most stream improvement projects involve
changing the factors causing the present stream conditions and
letting the stream adjust over time. Assessing historic and current
land-use practices will help you understand how the stream
developed its current condition (e.g., landslides, urbanization,
change in riparian vegetation). Knowing the history of the
watershed also might help you identify changes needed to
support a more “stable” stream condition.
In some cases, intervening to improve stream characteristics
quickly is necessary. Consider all options with respect to their
capacity to improve conditions relative to cost and potential
impacts to the area. Before deciding to modify a stream, you must
thoroughly understand the stream’s conditions and characteristics.
All of the variables must fit together, such as amount of water,
amount of sediment, size of the channel, size of meanders, etc.
Stream characteristics also must be related to the watershed and
valley features. For example, modifying a low-gradient, meandering
stream with a wide floodplain into a narrow, confined, steepgradient stream is not feasible. It also is not wise to modify a
stream’s characteristics without taking into account urbanization or
changing flood flows in the watershed. A restored stream’s designed
characteristics must account for urbanization and corresponding
runoff. It might not be possible to recreate a stream’s historic
characteristics if conditions within the watershed have changed.
Because of the complexity of stream processes and potential
impact of restoration projects on aquatic life and water quality, it is
recommended that a team of specialists design and evaluate
possible projects (hydrologists, stream ecologists, fish biologists,
riparian specialists, engineers, geologists, etc.).
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In the area of stream restoration, there are many examples of
inappropriate “fixes” that have done more harm than good and
created unintended consequences. For example, streams were
straightened to provide flood control, and check dams were
installed in meandering streams with erodable banks. In order to
“first, do no harm,” stream improvements should be approached
with a respect for the complexity of the stream system. Each site
and situation is different. There is no “cookbook” and no one-sizefits-all remedy. Each project must be compatible with the stream
type, the valley setting, and the stream’s natural tendencies.
By definition, all stream restoration projects must improve
riparian and floodplain conditions. The river, the riparian zone, and
the floodplain are all part of the same system, and the river’s
characteristics are determined by characteristics and conditions
throughout the watershed.
In addition, stream improvement projects must consider
upstream and downstream causes of present stream conditions. For
example, high rates of erosion and sediment might be transported
downstream to the project site, or a headcut (downcutting or
erosion of the streambed) might be progressing upstream.
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SUMMARY/SELF

REVIEW

Streams change over time while maintaining their basic characteristics. The location of a stream
might change as the bank erodes on the outside of meander bends and gravel bars are
deposited on the inside of bends. If the gradient becomes too flat, a meander cutoff might
occur, leaving the meander bend behind as a side channel or oxbow lake. These adjustments
are part of a “stable” stream system. Stable streams maintain their average width, depth,
gradient, meander geometry, and size and amount of sediment moving through the system, as
well as the timing and duration of flows.
Streams are complex systems formed and influenced by many variables. What happens
upstream can affect downstream areas and vice versa. Many changes to the land and streams in
a watershed (both natural and human caused) cause streams to become “unstable” for periods
of time. Examples of such changes include vegetation removal, landslides, urbanization, and
roads. The stream conditions during these unstable periods might negatively affect fish habitat
and water quality.
Understanding a stream’s characteristics and how they change with changing watershed
conditions is crucial to successful improvement projects. Several stream classification systems
can assist in assessing and monitoring streams.
Improvement projects involve fixing the cause of problems—whether upstream, downstream,
or in adjacent riparian areas—and allowing the stream to adjust over time. The improvements
also might include direct in-stream manipulation of stream characteristics (width, depth,
gradient, sinuosity, etc.).
Many lessons can be learned from past restoration projects. Improvements should support a
stream’s “stable” characteristics, while allowing it to adjust over time within its channel
migration zone. Projects also should protect or improve the stream, floodplain, and riparian
zone functions and processes based on stated goals for the stream.
Floodplain protection and restoration are crucial to stream restoration projects.
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EXERCISES
You can do these exercises on your own.

Exercises that can help you better understand stream types, processes, and classification systems
include:
1. Identify and outline a watershed on a topographic map. Outline the three basic stream types
described by Montgomery and Buffington (source, transport, and depositional). Visit several field
sites to check your classifications.
2. Conduct the previous exercise following the OWEB stream classification guidelines in the Oregon
Watershed Assessment Manual (1999).
3. Work with a hydrologist, fluvial geomorphologist, engineer, and/or fish biologist to visit a variety
of stream bank erosion and stabilization projects. Investigate the causes of the erosion.
Remember that erosion often is an indicator of upstream or downstream processes contributing
to bank instability.
4. Work with a hydrologist to evaluate some culverts and bridges to see whether they could
accommodate a 50- or 100-year flow event.
5. Visit a stream restoration or enhancement project and evaluate its positive or negative impacts
on stream processes related to width, depth, sinuosity, erosion, deposition, and channel
migration.
6. Take a course on how to use one of the stream classification systems mentioned in this chapter.
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RESOURCES
Training

Government reports

Regular public training specifically on watershed
processes is not widely available outside of formal
university classes, although some basics might be
reviewed as part of short courses and seminars
offered by various organizations. You can learn
about available training opportunities by
maintaining good communication with
government agencies and other groups. In
addition, many textbooks and other references
are available if you’re interested in selfinstruction.

Channel Classification, Prediction of Channel
Response, and Assessment of Channel Condition,
Report TFW-SH10-93-002, by
D.R. Montgomery and J.M. Buffington
(prepared for the SHAMW committee of the
Washington State Timber/Fish/Wildlife
Agreement, 1993). 84 pp.

Books
Applied River Morphology, by D.L. Rosgen
(Wildland Hydrology, 1481 Stevens Lake Road,
Pagosa Springs, CO, 1996).
“Channel processes, classification, and response,”
by D.R. Montgomery and J.M. Buffington. In
River Ecology and Management, R. Naiman and
R. Bilby, eds. (1998).
Stream Hydrology, An Introduction for Ecologists, by
N.D. Gordon, T.A. McMahon, and
B. Finlayson ( John Wiley & Sons, New York,
NY, 1992). 526 pp.
A View of the River, by L. Leopold (Harvard
University Press, Cambridge, MA, 1994).
298 pp.
Water, Rivers and Creeks, by L. Leopold (University
Science Books, 1997). 185 pp. Available from
55D Gate Five Road, Sausalito, CA 94965.
Fax: 415-332-5393
Waters of Oregon: A Source Book on Oregon’s Water
and Water Management, by R. Bastasch (Oregon
State University Press, Corvallis, OR, 1998).
278 pp.
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Floodplain Information, Lane County, Oregon,
5 volumes, Summary Report (U.S. Army Corps of
Engineers, November, 1964). 17 pp.

Manuals
Oregon Watershed Assessment Manual (Watershed
Professionals Network for the Governor’s
Watershed Enhancement Board, Salem, OR,
1999). Copies can be ordered from the Oregon
Watershed Enhancement Board in Salem, OR.
Phone 503-986-0178.
A Rehabilitation Manual for Australian Streams, by
I.D. Rutherford, K. Jerie, and N. Marsh
(Cooperative Research Center for Catchment
Hydrology, Department of Civil Engineering,
Monash University, Clayton, VIC 3168, 1999).
Phone: (03)9905 2704.
Stream Corridor Restoration: Principles, Processes, and
Practices (The Federal Interagency Stream
Restoration Working Group, 1998). Available
on the Web at www.usda.gov/stream_
restoration. Can be downloaded from the Web
or ordered in hard-copy format with color
photos and diagrams. Also available on a CD.
Hard copies can be ordered from the National
Technical Information Service at
1-800-533-NTIS or from their Web site at
www.ntis.gov.
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Articles
“Application of fluvial relationships to planning
and design of channel modifications,” by
N.R. Nunnally, Environmental Management
9(5):417–426 (1985).
“Calculating the odds: The probability of a
100-year flood event,” by A. Laenen. In The
Pacific Northwest Floods of February 6–11, 1996,
A. Laenen, ed. Proceedings of the Pacific
Northwest Water Issues Conference, Portland,
OR, October 7–8, 1996 (American Institute of
Hydrology, 1997). 318 pp.
“Causes of river bed degradation,” by V.J. Galay,
Water Resources Research 19(5):1057–1090 (1983).
“Channel-reach morphology in mountain drainage
basins,” by D.R. Montgomery and
J.M. Buffington, Geological Society of America
Bulletin 109(5):596–611 (1997).
“A classification of natural rivers,” by D. Rosgen,
Catena 22:169–199.
“Effects of coarse woody debris on morphology
and sediment storage of a mountain stream
system in western Oregon,” by F. Nakamura and
F. Swanson, Earth Surface Processes and Landforms
18:43–61 (1993).
“Flood control vs. flood management,” by
P.B. Williams, Civil Engineering (1994):51–54.
“A hierarchical framework for stream habitat
classification: viewing streams in a watershed
context,” by C.A. Frissell, W.J. Liss,
C.E. Warren, and M.D. Hurley, Environmental
Management 10(2):199–214 (1986).
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“An integrated land–aquatic classification
system,” by F.B. Lotspeich and W.S. Platts,
North American Journal of Fisheries Management
2:138–149 (1982).
“Lateral channel migration and bank erosion
along the Marys River, Benton County,
Oregon,” by B. Ellis-Sugai. Wildland Hydrology
June/July 1999:105–111 (American Water
Resources Association).
“Much of the flood damage was predictable:
Flooding in Salem,” by F. Reckendorf. In The
Pacific Northwest Floods of February 6–11, 1996,
A. Laenen, ed. Proceedings of the Pacific
Northwest Water Issues Conference, Portland,
OR, October 7–8, 1996 (American Institute of
Hydrology, 1997). 318 pp.
“The Pacific Northwest Floods: Lessons
learned?” by K.G. Coulton. In The Pacific
Northwest Floods of February 6–11, 1996,
A. Laenen, ed. Proceedings of the Pacific
Northwest Water Issues Conference, Portland,
OR, October 7–8, 1996 (American Institute of
Hydrology, 1997). 318 pp.
“Stream channel morphology and woody debris
in logged and unlogged basins of western
Washington,” by S.C. Ralph, G.C. Poole,
L.L. Conquest, and R.J. Naiman, Canadian
Journal Fisheries and Aquatic Science 51:37–51
(1994).
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MOVING FORWARD—THE NEXT STEPS
On your own, use the lines below to fill in steps, actions, thoughts, contacts, etc. you’ll take to
move yourself and your watershed group ahead in improving your understanding of stream
processes.
1._______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________

2._______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________

3._______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
______________________________________________________________________________________
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