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Errata 
Going with the Flow 

Figures 5 (p. 11), 10 (p. 15), 13a (p. 17), and 13b (p. 18) were modified from Rosgen, 1996 
(Applied River Morphology). 

On page 21 under the heading “Stabilizing Streambanks,” the first sentence should read: 
“A stable stream meanders and migrates but maintains its dimension, pattern, and profile over 
time without aggrading or degrading (Rosgen, 1996).” 

The caption for figure 22 (page 33) should read: Map of Bailey Creek. Illustrates remnant old 
channel (mapped from aerial photos and ground surveys). Illustrates Bailey Creek as a ditch along 
west edge of flood plain. Illustrates ditch line along each edge of flood plain, probably constructed to 
capture flow from tributaries and route to Mercer Lake. (USFS) 

The caption for figure 23 (page 33) should read: Comparisons of cross-sections across Bailey Creek. 
The dashed line is a cross-section measured above the channel and is relatively undisturbed. The solid 
line is a cross-section measured midway down the channelized and straightened section of Bailey 
Creek. Note the difference in the width/depth ratios and the amount of downcutting that has taken 
place in the channelized section of the creek. (USFS) 

In the Glossary on page 36, the definition for Confinement should read as follows: 
“Confinement—a measure of how much the stream channel is laterally constrained within 
the valley floor. A stream channel is defined as confined when the valley width is less than 
two times the channel width, moderately confined when the valley width is between two and 
four times the channel width, and unconfined when the valley width is greater than four 
times the channel width. (OWEB Watershed Assessment Manual, 1999.)” 

In the Glossary on page 36, the following definition should be added: 
“Entrenchment—a measure of how much the streamflow is vertically contained in a stream 
channel during flood events. This is a ratio of the floodprone area width divided by the 
bankfull width (width of channel at normal high flow). The floodprone area is determined 
from the width at an elevation associated with two times the maximum bankfull depth. 
Typical ratios for entrenched streams are less than 1.4; for moderately entrenched streams, 
between 1.4 to 2.2; and for slightly entrenched streams, greater than 2.2. (Rosgen, 1994, 
Catena paper.)” 



1–24 Chapter 1: Overview of Stream Corridors

The processes that develop the charac-
teristic structure seen in the lateral view
of a stream corridor also influence
structure in the longitudinal view.
Channel width and depth increase
downstream due to increasing drainage
area and discharge. Related structural
changes also occur in the channel,
floodplain, and transitional upland
fringe, and in processes such as erosion
and deposition. Even among different
types of streams, a common sequence
of structural changes is observable from
headwaters to mouth.

Longitudinal Zones

The overall longitudinal profile of most
streams can be roughly divided into
three zones (Schumm 1977). Some of
the changes in the zones are character-
ized in Figures 1.27 and 1.28.

Zone 1, or headwaters, often has the
steepest gradient. Sediment erodes from
slopes of the watershed and moves
downstream. Zone 2, the transfer zone,
receives some of the eroded material. It
is usually characterized by wide flood-
plains and meandering channel pat-
terns. The gradient flattens in Zone 3,
the primary depositional zone. Though
the figure displays headwaters as moun-
tain streams, these general patterns and
changes are also often applicable to wa-
tersheds with relatively small topo-
graphic relief from the headwaters to
mouth. It is important to note that ero-
sion, transfer, and deposition occur in
all zones, but the zone concept focuses
on the most dominant process.

Watershed Forms

All watersheds share a common defini-
tion: a watershed is an “area of land that

1.C A Longitudinal View Along the Stream
Corridor

Figure 1.27: Three longitudinal profile zones. Channel and floodplain characteristics change as
rivers travel from headwaters to mouth.
Source: Miller (1990). ©1990 Wadsworth Publishing Co.

 

 
 

 
 

Introduction
 

Many people are seeking to actively improve fish habi
tat and water quality for salmon and trout in the 
Pacific Northwest. The most common approaches are 

to conduct stream and riparian enhancement projects to im
prove these functions. Understanding river processes, floods, 
and floodplains is invaluable in planning successful projects. 
This publication attempts to 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. 

A Stream Network Defines a Watershed 
A watershed is an area of land that collects rain and snow and 
discharges much of it to a stream, river, or other water body. 
A watershed has a stream network made up of a main stream 
with tributaries that flow into it. Not all streams within a water
shed have the same characteristics. Several stream classification 
systems have been developed to describe these differences and 
compare one stream to another. 

Montgomery and Buffington (1998) devised a stream classifi
cation system that is useful in describing a watershed’s stream 
network. They separate streams into three categories—source, 
transport, and 
depositional Mountain headwater streams 

streams (fig
ures 1 and 2). 
They use mea
surable char
acteristics to 
identify these 
stream types. 
One charac
teristic is the 
stream’s slope 
or gradient. 
The second 
is the ratio of 
stream width 
to the width 
of the valley 
floor. Follow
ing are general 
descriptions of 
these stream types. See Montgomery and Buffington (1997, 
1998) for more detailed decriptions. 

Low-elevation streams 
merge and flow down 
gentler slopes. The 
valley broadens and 
the river begins to 
meander. 

At an even lower 
elevation a river wanders 
and meanders slowly 
across a broad, nearly flat 
valley. At its mouth it may 
divide into many separate 
channels as it flows across 
a delta built up of river-
borne sediments and into 
the sea. 

flow swiftly down steep 
slopes and cut a deep 

                 V-shaped valley. 
Rapids and 

waterfalls are 
common. 

Zone 1Headwaters 
Zone 2Transfer Zone 

Zone 3Depositional Zone 

Figure 1. Example of three 
different stream types in a 
watershed. Source: Miller (1990). 
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Figure 2. Topographic map 
showing the Cascade Creek 
watershed and stream network in 
the Coast Range, Oregon. Pink = 
source stream; yellow = transport 
stream; blue = deposition stream. 
(USFS) 

What happens in one 
part of the stream net
work can affect the other 
parts. 

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

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

Deposition streams: These streams are low gradient (less than 
3 percent). They are meandering streams in 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, such as a 
change in sediment supply. 

The Oregon Watershed Assessment Manual uses a similar stream 
classification system. The stream types (or channel types) are 
separated by stream gradient, confinement class (based on ratio 
of stream width to valley width), and size of stream (based on 
Oregon Department of Forestry designations for stream size). 
Figure 3 illustrates some of the stream types described by this 
classification system. 
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For comparison, Dave Rosgen (1996) developed a more site-spe
cific stream classification system that has been adopted by 
several resource agencies and groups. His system is more com
plex and categorizes streams by differences in their channel 
gradients, bed materials, ratios of stream width to depth, degree 
of meandering (sinuosity), and the extent the channels have 
downcut into their 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) 

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

Figure 3. Examples of the 
channel habitat types and 
their relative position in the 
watershed as determined by 
the classification method in the 
Oregon Watershed Assessment 
Manual. (Oregon Watershed 
Assessment Manual, June 1999) 
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■	 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 (streams range 
from wide and shallow to narrow and deep) (figure 4) 

■	 Sinuosity (the distance a river travels divided by the straight-
line distance.) A perfectly straight channel would have a 
sinuosity equal to one. The more meandering the channel, 
the higher the number (figure 5). 

■	 Amount and type of riparian vegetation (vegetation growing 
next to the stream, such as trees, shrubs, and grasses) 

All of these factors are linked together. If one variable chang
es, the others will change in response. For example, if erosion 
increases in the watershed and the supply of sediment increases, 
several results are possible. If the stream’s capacity to transport 
the sediment is overwhelmed, the sediment may be deposited, 
which will raise the elevation of the streambed. Gravel bars may 
get bigger, causing erosion of the opposite banks in order to 
maintain the same channel size. Pools may fill in, reducing the 
quality of fish habitat. The stream may change from having a 
single channel to multiple channels. 

Montgomery and Buffington (1993) give several examples of the 
effect an increased sediment supply can have on streams. The 
Williams River in Saskatchewan, Canada, passes through sand 
dunes. As the river passes through the sand dunes, it picks up 
extra sediment and becomes a braided channel five times wider 
and half as deep as the river upstream of the dune field. Anoth
er well-studied example depicts the effects of hydraulic mining 
in the Sierra Nevada Mountains of California. Large amounts 
of sediment were added to rivers in the foothills of the Sierras 
between 1850 and 1880 as miners used high-pressure water hos
es to wash rock and soil into streams where it could be sluiced 
for gold. As a result, channels filled in and widened. This effect 
progressed downstream, and after the “wave,” or “wedge,” of 
sediment passed through the stream, the stream downcut into 
the material that had been left behind. 

In a different example, stream bank erosion is likely to increase 
if riparian vegetation is removed along depositional streams 
with banks that are sensitive to erosion. This would cause more 
sediment to be deposited downstream and may lead to channel 
widening and further bank erosion downstream (figures 6a and 
6b). 



W = 12’ 

D = 1’ 

▼

▼
 

▼ 

▼ 

W = 9’ 

D = 3’ 

▼

▼
 

▼ 

▼ 

a) W/D = 12 

b) W/D = 3 

Figure 4. Width to depth diagram. (Illustration by Ralph Penunuri) 

Sinuosity = stream length
 valley length 

stream length 

valley length 

Figure 5. Example of how to measure and calculate sinuosity. 

(Illustration by Ralph Penunuri, modified from Rosgen, 1996, 

Applied River Morphology)
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Figures 6a and 6b. West Creek photos illustrating two riparian conditions. 6a (top) 
depicts riparian conditions with low amount of stream erosion. 6b (bottom) depicts an 
overgrazed riparian area with an increase in erosion. (USFS) 
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Why Do Streams Meander? 
Ninety percent of the world’s low-gradient rivers 
are single-channel, meandering streams (Leopold, 
1994). 

A stream’s pattern develops naturally to dissipate 
its energy and carry sediment. Streams 
with steep gradients (source and trans
port streams) dissipate their energy 
by creating pools through a series of 
steps, falls, and plunges (figure 7). Such 
streams look almost straight on a map. 
This “step pool” pattern can be thought 
of as meanders turned on their side. As 
the stream’s slope (gradient) flattens, the 
depositional segments of a stream dis
sipate energy by creating a meandering 
flow pattern. Meanders cause the river 
to dissipate energy along the winding 
path as the water is forced around the 
bends (figure 8). 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 is 
also used up through friction of the 
water against the bed and banks of 
the stream. 

A regular meander pattern can 
often be seen from a distance. For 
instance, you might recognize 
meanders from a map or an air
plane by looking at the shape of 
many rivers. Each meander might 
look different, but the elements of 
the basic pattern often are repeat
ed over longer distances. Research 
has shown that meanders have a 
predictable size and shape (Leo
pold, 1994) (figure 9). No matter 
how big the river is, there is a fairly 
constant relationship between the 
wavelength of the meanders, the 
channel width, and the radius of 
curvature. For example, a low-gra
dient meandering stream (depo
sitional stream) tends 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 graphically illustrates 
stream channel geometry and terminology. 

The word “meander” is 
derived from a Greek 
word that means “to 
wander.” 

Figure 7. Photo of step pool 
transport stream. (USFS) 

▼ 

▼ 

Figure 8. General landscape view of 
a meandering stream (aerial photo of 
Calapooia River, Oregon). River flows 
in direction of arrows. (Farm Services 
Agency, Marion County) 
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Figure 9. Leopold’s diagram of meanders of different-size rivers 
(Leopold, 1994). 

The Walla Walla River had been 
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 the dikes in sever
al places when the flow exceeded 
the capacity of the artificial chan
nel. Once the river overtopped 
the channel, the river developed 
a regular meander pattern that is 
superimposed over the straight 
channel. The river is flowing 
from the bottom of the photo to 
the top (figure 11). 



 

 

Radius of 
Curvature 

WAVELENGTH 

B
EL

T
 W

id
th

 

Inflection 
Point 

Bend Length = 1/2 Channel Distance A - B 
A B 

Figure 10. Graphic of stream channel geometry. (Illustration by Ralph 
Penunuri, modified from Rosgen, 1996, Applied River Morphology) 

Figure 11. Walla Walla River (1964 flood showing meanders in a 
channelized section near Milton-Freewater). (OSU Archives) 
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Pools 
Low flow 

Riffles 

Pointbars 

High flow 
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▼ 

▼ 
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Figure 12. Profile and 
plan view of pools, riffles, and 
point bars. (Illustration by 
Ralph Penunuri, modified from 
Leopold, 1994) 

Pools, Riffles, and 
Gravel Bars 
During high winter flows, the 
velocity of the water is greatest on 
the outside of the bend and slow
est on the inside. This causes a 
pool to be scoured on the outside 
and sediment to be deposited on 
the inside of the bend. The inside 
of the bend becomes a sand or 
gravel bar, also known as a point 
bar. Water flowing through the 
straight parts of the channel be
tween bends tends to have lower 
velocity and to form riffles. Riffles 
are another form of gravel bars 
that extend across the width of 
the channel (figure 12). 

A gravel bar is an accumulation 
of sediment ranging in size from sand and gravel to cobbles. 
Some of the sediment may 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 every
day example is a group of cars stopped at a red light. There are 
always a few cars stopped at the intersection, but individual cars 
keep moving down the street from one intersection to the next. 

The shape of the stream channel is formed during annual high 
flows. Although dramatic channel changes might occur during 
less frequent flood events, the more frequent annual high flows 
establish the channel dimensions. The annual flows occur 
more often and move more sediment over time as compared to 
the less frequent floods. Gravel bars are deposited during high 
flows, then remain in place and define the path of the channel 
during low flows. Pools are flat and deeper than riffles during 
low flows and maintain a slower velocity than riffles. Riffles are 
steep and shallow during low flows. 

The Effects of Changing Sinuosity 
Sinuosity is reduced when meandering streams are “straight
ened” or “channelized.” This practice can have several effects 
on the stream. Streams were usually channelized in order to 
make them more efficient at transporting water, to reduce 
flooding, or to drain wetlands. As a result, the length of the 
stream 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 or downcutting into the floodplain. As the stream 
becomes more incised, the banks become higher and steeper 
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and more prone to erosion. The number and depth of pools 
decrease. Increases in channel erosion can increase sediment 
deposited downstream of the channelized stretch of stream. The 
straightened stream will often try to reestablish a meandering 
pattern through bank erosion; the result is a stream that is try
ing to rebuild its floodplain and meander pattern, but at a lower 
elevation due to downcutting into the floodplain (figures 13a 
and 13b). 

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. 13a is 
initially a wide, shallow stream. 
13b (next page) is initially a 
narrow, deep stream. (Illustration 
by Ralph Penunuri, modified 
from Rosgen, 1996, Applied 
River Morphology) 
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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 What Is a “Stable” Stream? 
adjustment. 13b is initially A “stable” stream is not a static stream. A stream is considered 
a narrow, deep stream. “stable” if its channel characteristics (width, depth, gradient, 
(Illustration by Ralph sinuosity, sediment type and amount) remain relatively con-
Penunuri, modified from stant over time and the stream neither deposits excessive sed-Rosgen, 1996, Applied 

iment (aggrades) nor scours and downcuts (degrades) (Rosgen,River Morphology) 
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 outsides of the bends 
erode and gravel bars are deposited on the inside of the bend. 



 

The channel migrates in the direction of the strongest ener
gy located on meander bends. This tends to make meander 
bends migrate in a downstream direction (figure 14). 

Sometimes the stream will form an oxbow lake during high 
flows by cutting off a meander and leaving the old mean
der bend isolated from the stream. These cutoffs are formed 
because the stream’s sinuosity has become too large and the 
slope has become too flat. The stream adjusts its gradient by 
straightening out a bend. 

Stream channels tend to migrate laterally as the banks erode. 
Changes in the stream’s characteristics can cause the stream 
to migrate excessively as it adjusts. Typical examples of accel
erated changes include vegetation loss and increased sedi
ment load. 

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, which connects 
the outside of meander bends (see figure 10). Just like me
ander length and radius of curvature, meander belt width is 
related to channel width. A stream’s belt width tends to vary 
from narrow for steep-source streams to very wide for very 

▼
 

Deposition of sand and 
gravel bar 

Direction 
of lateral 
migration 

▼
 

Cutbank 
erosion 

Meander belt 

Figure 14. Lateral channel 
low-gradient depositional streams. 

The area occupied by the meander belt, sometimes called the 
“channel migration zone,” can be mapped and used to show 
where future bank erosion and lateral channel migration is like
ly to occur. In narrow valleys, the meander belt may occupy the 
entire width of the valley floor. Understanding and mapping 
the channel migration zone can help with planning transporta
tion systems, rural and urban infrastructure (zoning and loca
tion of houses, buildings, roads, etc.), and areas where restoring 
or maintaining riparian vegetation would be beneficial to the 
stream. Figures 15 and 16 illustrate the channel migration of 
the Marys River over time (Ellis-Sugai, 1998). 

Why Is the Streambank Eroding? 
Streams are constantly changing by meandering, migrating, and 
rearranging pools, riffles, and gravel bars. Streambank erosion is 
an inherent part of the changes that occur with these processes. 

A streambank is a complex network of vegetation, roots, wood, 
and sediment (clay, gravel, bedrock, etc.). This complex network 
provides a resistance (roughness) to the stream as it flows by. 

migration of a meandering 
stream. (USFS) 
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Figure 15. Downstream meander migration of the Marys River between 1956 
and 1994. (USFS) 

Figure 16. Location of Marys River channel between 1937 and 1994. The channel 
migration zone delineates the area where channel migration and bank erosion are most 
likely to occur. (USFS) 

20 • Going with the Flow: 

Downstream 
flow direction 

The stream dissipates en
ergy as it flows past this 
resistance. Erosion occurs 
when the stream has 
more energy applied to 
the bank than the bank 
can withstand. 

Bank erosion may be 
a symptom of changes 
in riparian vegetation. 
Decreased amounts of 
vegetation and associat
ed root strength weaken 
the resistance of the 
streambank, making 
it more susceptible to 
erosion. In addition, 
the bank becomes more 
prone to erosion if the 

stream down-
cuts below the 
rooting depth of 
the streamside 
vegetation. 

A narrow strip 
of riparian 
vegetation is 
often kept next 
to the stream 
to benefit fish, 
wildlife, and 
water quality 
benefits. As con
ditions change, 
a meandering 
stream might 
erode through 
the narrow 
buffer, leaving 
an unstable 
bank prone to 
excessive ero
sion. A wider 
riparian buffer 
would allow 
for change and 
help maintain 
bank stability. 
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Figure 17. Map of channel 
migration between 1937 and 
1994 on the Marys River. Grey 
area is the extent of the well-
vegetated riparian zone in 1994. 
Notice that the natural channel 
migration has pushed the 
location of the channel beyond 
the woody vegetation in the 
riparian zone in several places. 
The dotted line is the channel 
migration zone. (USFS) 

Figure 17 illustrates 
an example of the 
Marys River eroding 
through the riparian 
buffer (Ellis-Sugai, 
1998). 

Bank erosion also 
can be a symptom of 
larger changes in the 
watershed. Water-
shed-wide changes, 
such as increases in 
flow, water velocity, 
or sediment deposi
tion on gravel bars, 
can force more en
ergy into the stream 
bank. 

Stabilizing 
Streambanks 
A stable stream me
anders and migrates 
but maintains its 
dimension, pattern, 
and profile over time 
without aggrading 
or degrading (Ros
gen, 1996). A stable stream may make minor adjustments in its 
characteristics to maintain its stability, for example, by cutting 
off a meander and leaving an oxbow lake. A stable stream has a 
streambank with a complex network of vegetation, roots, and 
wood to allow some erosion while maintaining its characteris
tics (for example, width-to-depth ratio, sinuosity, slope). 

Many projects aim 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, the stream 
will adjust downstream or upstream of the project area. These 
adjustments often result in more bank erosion and sediment 
deposits than would have occurred before stabilization. 

Bank stabilization methods should be chosen for their ability 
to temporarily withstand bank erosion until riparian vegetation 
is established. These methods should always be designed for 
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minimum impacts upstream and downstream. Many methods 
are available that use native plants (for example, willows), nat
ural materials that decompose (for example, fiber mats), logs, 
and some rocks. The amount and size of rock and longevity of 
materials can be engineered to allow the bank to reestablish 
vegetation and allow the stream to adjust over time. Analyzing 
the channel migration zone (belt width) can help to plan the 
location and width of riparian vegetation. 

Remember, streambank erosion is caused by many factors and is 
a symptom of a river that is adjusting its characteristics to han
dle 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 vegeta
tion is critical to supporting stable stream conditions. See the 
resources section for technical assistance and more information. 

Large Wood in Streams and Floodplains 
Random events such as debris torrents, landslides, and wind
storms deliver sediment and organic materials to streams. In 
many areas west of the Cascades, these events have introduced 
trees and large wood to streams and floodplains. Streams adjust 
their characteristics over time to the new wood by depositing 
sediment (all sizes) behind the wood, scouring pools, changing 
sinuosity, eroding streambanks, etc. 

Much of this wood was removed in the past to improve river 
navigation, transport logs downstream, and improve salmon 
migration. Relatively recent research has proven that large wood 

is a critical part of salmon habitat 
in many streams. Large wood pro
vides fish habitat (refuge) during 
high flows, nurse logs for reestab
lishing some vegetation, wildlife 
habitat, 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 histori
cally present (figure 18). The large 
wood that is placed in streams is 
typically greater than 11/2 times 
the stream channel width and 
over two feet in diameter. The 

wood often moves during high flows but stays in the general 
area if sized and placed properly. The size, amount, and place
ment of large wood can have major effects on stream conditions 

Figure 18. Example of large 
wood being placed in the stream 
channel and floodplain of Beaver 
Creek in Curry County, Oregon. 
(Derek Godwin) 
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and fish habitat. Therefore, it is important to evaluate the short-
term and long-term effects on stream conditions and habitat 
when designing these projects. In addition, these projects 
should 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 in the stream and floodplain. There should be 
enough riparian vegetation to allow the stream to migrate with
out losing its vegetation from erosion. Such changes occur with
in the overall meander belt. Also, riparian vegetation should 
be managed to provide the long-term source of large wood and 
shade in these streams and floodplains. 

Understanding Floods and Floodplains 
In spite of our efforts to control floods, flood damage in the 
United States has steadily increased and costs now average over 
$2 billion per year (1992 Federal Interagency Floodplain Man
agement Task Force). Many of these costs are repetitive (requir
ing replacement of structures on multiple occasions). Rather 
than relying on flood control measures to help decrease the 
costs, we might do better to understand the function of flood
plains and rivers and to use better floodplain management. 

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 cli
mate,’ because a floodplain can be abandoned and at least 
partly destroyed when the climate becomes drier. An aban
doned floodplain is called a terrace.” (Leopold, 1994, p. 8) 

■ 	“all the alluvial surfaces that can still be reached by the oc
casional great flood” (Schmudde 1963, in Reckendorf, 1996). 
This definition implies that there may be more than one 
floodplain level adjacent to the river. 

Perhaps the most basic and insightful definition has been 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 on one point: the floodplain and the river 
are part of the same system (figure 19). 

Function 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. 
The water that covers the floodplain moves more slowly, and 
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sediment carried by the 
floodwaters is deposited on 
the floodplain. These events 
often develop fertile land 
along rivers. Vegetation on 
floodplains filters sediment 
and other materials from 
the water before it reaches 
the river channel, and can 
help maintain higher water 
quality. 

The floodplain acts as a 
sponge to absorb the flood
waters and slowly release the 
water as the flood recedes. 
A floodplain also can act as 
a natural reservoir, which 
helps to reduce the height of 
the flood downstream. 

Figure 19. Example of a creek 
that is flowing outside of its 
banks and onto the floodplain 
(Spring Creek, Pennsylvania). 
(Barbara Ellis-Sugai, USFS) The Flood Frequency Concept 

The February 1996 flood in Oregon was rated as a 100-year flood 
event on the Yamhill River, a 143-year flood event on the San
tiam River, and a 42-year flood event on the Willamette River 
near Salem. What do these numbers really mean? 

Flood frequency is based on historic streamflow records from 
stream gaging stations. It is a measure of probability. In oth
er words, every year there is a 1-in-100 chance that a 100-year 
flood event will occur. Thus, 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 are 
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 
there are several sources of error that can influence the accuracy 
of the calculation. One source of error is the length of record at 
a gaging station. The shorter the record, the greater the error in 
calculating the height of the 100-year flood. Many stream gage 
records in Oregon are only 30 years long; therefore, the 100-year 
flood height has to be projected from a set of data that might not 
have recorded a 100-year event. For a gage record that is 25 years 
long, the confidence level might be 85 percent. In other words, 
the height of the 100-year flood could be off by 15 percent. Also, 
climate cycles of relatively wet and dry years have been well 
documented by climatologists. If the years of record are predomi
nantly in dry years, flood heights can be underestimated. 
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Another possible source of error is changing conditions in 
a watershed over time. For instance, if urbanized areas have 
increased in size, the amount of land covered by impermeable 
surfaces has also increased. Urbanization leads to faster, higher, 
and more frequent water runoff during rain events. So rain
storms that might not have caused a flood before an area was 
urbanized might overflow the stream’s banks after the area is 
urbanized. 

How Humans Interact with Rivers 
to Change Flood Events 
Floods are natural processes and only become disasters when 
people and property are affected. If we build houses and busi
nesses in floodprone areas, we put ourselves at risk. Over the 
years, we have changed rivers in a variety of ways to provide 
flood control and drain land for development or agriculture, 
or to prevent bank erosion. These projects sometimes have had 
unintended consequences. We have implemented many policies 
and practices that have changed the way rivers handle flooding, 
for better or worse. Some of these practices are listed below. 

Dams 
Dams and reservoirs can hold back floodwaters and reduce the 
height of peak flows. For instance, the Corps of Engineers esti
mates that the height of the February 1996 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). 

The presence of dams also can give people a sense of false secu
rity. For instance, within the Willamette River basin, dams and 
reservoirs control only 27 percent of the basin’s area. Flood con
trol effectiveness diminishes downstream from the reservoirs 
as tributary streams without dams add to the flow of the river 
(Coulton, 1997) 

Levees, Dikes, and Roads 
Levees and dikes are built to prevent flooding on land adjacent 
to rivers. Flooding might decrease in the area adjacent to the 
levees but increase downstream. Because levees and dikes block 
a river’s access to its floodplain, the water that would have 
spread across the floodplain is instead funneled downstream 
and thus can increase peak flows downstream. The river’s water 
velocity is also greater because of the funnel effect, which can 
worsen bank erosion downstream. When the upper Mississippi 
River flooded in 1993, the flood crests at St. Louis were as much 
as nine feet higher than for an earlier flood of the same size, 
because levees had been built upstream of the city (Williams, 
1994). Also, when a levee does fail, the effects can be sudden 
and catastrophic, rather than a gradual rise of water (Williams, 
1994). Farmers in the Willamette Valley found that scour due 
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A Lateral View Across the Stream Corridor 1–15

Streamflow at any one time might con-
sist of water from one or both sources.
If neither source provides water to the
channel, the stream goes dry.

A storm hydrograph is a tool used to
show how the discharge changes with
time (Figure 1.14). The portion of the
hydrograph that lies to the left of the
peak is called the rising limb, which
shows how long it takes the stream to
peak following a precipitation event.
The portion of the curve to the right of
the peak is called the recession limb.

Channel and Ground Water
Relationships

Interactions between ground water and
the channel vary throughout the water-
shed. In general, the connection is
strongest in streams with gravel
riverbeds in well-developed alluvial
floodplains.
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Figure 1.14: A storm hydrograph. A hydro-
graph shows how long a stream takes to rise
from baseflow to maximum discharge and then
return to baseflow conditions.

Figure 1.15: A comparison of hydrographs
before and after urbanization. The discharge
curve is higher and steeper for urban streams
than for natural streams.

Change in Hydrology After Urbanization
The hydrology of urban streams changes as sites are cleared
and natural vegetation is replaced by impervious cover such
as rooftops, roadways, parking lots, sidewalks, and driveways.
One of the consequences is that more of a stream’s annual
flow is delivered as storm water runoff rather than baseflow.
Depending on the degree of watershed impervious cover, the
annual volume of storm water runoff can increase by up to
16 times that for natural areas (Schueler 1995). In addition,
since impervious cover prevents rainfall from infiltrating into
the soil, less flow is available to recharge ground water.
Therefore, during extended periods without rainfall, baseflow
levels are often reduced in urban streams (Simmons and
Reynolds 1982).

Storm runoff moves more rapidly over smooth, hard pave-
ment than over natural vegetation. As a result, the rising
limbs of storm hydrographs become steeper and higher in
urbanizing areas (Figure 1.15). Recession limbs also decline
more steeply in urban streams. 

 

 

to levee breaks caused more damage to their fields than inun
dation by floodwaters (American Institute of Hydrology, Pacific 
Northwest Water Issues Conference, October 1997). Roads are 
often built on levees in floodplains and produce the same con
sequences. 

Undersized Bridges and Culverts 
Bridges and culverts that are too small to carry the stream’s 
flow during flood events can back up water and cause flooding 
upstream of the bridge or culvert. Flooding problems in Salem 
during the February 1996 flood were compounded by under
sized bridges (Reckendorf, 1997). Undersized bridges can also 
cause sediment deposition upstream of their locations because 
they slow the water down, causing sediment to drop out. Un
dersized bridges and culverts are also more prone to plugging up 
with debris, which can compound upstream flooding problems. 

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 was then perceived to be available for agriculture, housing, 
roads, and other development. 

Straightening stream channels might make the stream more 
efficient at moving water through that part of the stream, but 
the consequence can be increased flooding downstream of the 

channelized section (see figure 11). Streams naturally fol
low a sinuous, meandering course. When the meanders are 
eliminated, the stream length is shortened. As a result, the 
gradient of the stream becomes steeper, which leads to high
er water velocities, higher instantaneous flows, and possibly 
greater flooding downstream. Figure 13a graphically illus
trates a stream’s evolution due to channelization. 

Many stream restoration projects around the United States 
are working to rebuild meandering stream channels where 
streams have been straightened and water quality and fish 
habitat have been degraded as a result. (See “Bailey Creek 
Case Study,” page 32.) 

Urbanization 
Developing land for towns, cities, and suburbs turns more 
of the surface area in the watershed into impermeable sur
faces. 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 frequent
ly (figure 20). Stream channels have to become larger to carry 

Figure 20. Hypothetical 
hydrograph from Leopold’s “A 
View of the River,” showing the 
faster and higher peak flow after 
urbanization. 
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the increased instantaneous runoff, and this adjustment is often 
done through bank erosion (which widens the stream channel) 
or stream downcutting (which deepens the stream channel). 
The streams also carry less water during nonrainfall periods, 
providing less fish habitat. Many streams in urban areas have 
often been filled to increase the land area for buildings. This 
magnifies the problems because the water is routed to another 
stream nearby. 

Streams in urban settings have often been straightened (chan
nelized), had the riparian vegetation cleared away, had levees 
built next to the stream, or had bank-hardening measures (rock, 
concrete, and other materials) applied to them. These channels 
are more efficient at transporting water quickly, but this often 
results in greater flooding and erosion downstream. 

For example, the number of houses within the 3.7 square-mile 
Watts Branch watershed near Washington D.C. increased no
ticeably over a 50-year period. In 1950, there were 140 houses; 
in 1965, there were 780; and in 1984, the number had increased 
to 2,060. The increased urbanized area had a significant effect 
on the flow regime of Watts Branch. As the number of houses 
present in the watershed increased, the number of times the 
streamflow exceeded 220 cubic feet per second also increased. 
The num
ber of times 

Table 1: Comparing the number of houses present in the Watts Branch watershed the stream with streamflow information.
overflowed 
its bank Period of Number of times Number of times 
increased Number discharge discharge exceeded discharge exceeded 
from twice Year of houses records 220 cfs* 350 cfs 
per year to 1965 780 1958–1967 21 10 
seven times 1984 2,060 1978–-1987 73 32 
per year over *220 cubic feet per second is considered the bankfull discharge for Watts 
the three Branch. The bankfull discharge was determined to be a 1.5-year flow event. 
decades that 
stream gage 
records were 
kept (Leopold, 1994) (table 1). 

Many urban restoration projects focus on building storm water 
detention ponds and reestablishing riparian areas and wetlands. 
These projects aim to mimic historic conditions by improving 
the watershed’s ability to capture and store water, then release it 
over a longer period of time. 

Floodplain Encroachment 
Filling in floodplains with soil to build houses, businesses, and 
roads reduces the floodplain’s ability to disperse energy by 
spreading out the water, to filter and absorb water, and to lessen 
the impact of flood events. Also, buildings placed in the flood
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plain are at higher risk of flood damage. For example, in the 
cities of Tualatin and Salem, Oregon, housing and business de
velopments have been established in floodplains. In both cities, 
these areas were flooded in 1996 (Reckendorf, 1997). 

The Economics of Floodplain 
Management 
There are, and have always been, competing interests between 
the desire to develop the attractive, flat land adjacent to the 
river, and to protect it so that it can function as a natural 
floodplain. The costs associated with flood damage have been 
increasing steadily throughout the 20th century in the United 
States (Coulton, 1997). It is less expensive to refrain from build
ing in high-risk areas in the first place than it is to pay for re
pairs or rebuilding after a flood. And it is likely that these areas 
will flood again. 

Reducing the Impacts of Floods 
What we can do as a community 
■	 Zoning—protect the floodplain; use it for parks, greenbelts, 

and open spaces. 
■	 Provide economic incentives for landowners to leave lands 

adjacent to streams and rivers undeveloped through conser
vation easements or trusts. 

“With flood damages, you 
either pay less up front in 
good floodplain manage
ment and implementa
tion or pay more later in 
rescue relief and damag
es.” (Reckendorf, 1997) 

What We Can Do as Individuals 
■	 When buying property, be aware of the location. Note the 

proximity and relative elevation to streams and other bodies 
of water. Check to see whether it is in a floodprone area. Ask 
local residents whether the area has ever flooded. Historic in
formation might be available at county historical museums, 
local libraries, and the local USDA Natural Resource Conser
vation Service office. 

■	 Become involved in land-use and community development 
issues. 

■	 Encourage planning departments and elected officials to 
develop a better understanding of how rivers function and to 
adjust zoning boundaries. 

■	 If you own stream-front property, allow trees and brush to 
grow along the river’s edge. Don’t plant a lawn to the water’s 
edge. 

Stream Rehabilitation, Restoration, 
and Enhancement 
Improving stream conditions for aquatic life is an important 
part of the salmon recovery effort in the Pacific Northwest. 
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Streams are complex systems that are influenced by many vari
ables. For that reason, it is absolutely necessary to have a good 
understanding of the stream that is under consideration for an 
improvement project. 

Because people have different values and goals for streams, it 
is important that people involved with the project define com
monly used terms to ensure a common vision. For the purpose 
of this paper, the terms rehabilitation, restoration, and enhance
ment are used interchangeably and imply the restoration of 
stream functions and processes to support the stated goals. The 
term condition implies how well the functions and processes 
have been restored to meet the 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 are how 
the stream carries and stores these materials and how the stream 
affects habitat, food, and water quality. 

Common stream-restoration goals include improving salmon 
and trout habitat and establishing a stable stream that carries its 
sediment load without aggrading or degrading. Following are 
the steps generally accepted among scientists for planning and 
conducting a restoration project. 

For technical assistance 
or information, contact 
your local USDA NRCS, 
watershed council, swcd, 
Extension Service, USFS, 
BLM, ODFW. 

1. What are the goals and functions to restore? For example, 
improve habitat for salmon and trout. 

2. What are the present conditions? Stream classification sys
tems can be used to describe present functions and processes. 
These systems also might help determine potential condi
tions. For example, the stream is providing minimal deep 
pools for fish habitat because of a high width-to-depth ratio, 
excessive erosion, and steep slope. 

3. What are the factors limiting the ability to reach stated goals? 
For example, the management of a road close to a stream 
might limit 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, downcut
ting, wide and shallow channel, riparian conditions, up-slope 
problems). If possible, compare the degraded stream to a 
stable stream in the same area with similar features (similar 
gradient, valley width, channel size, etc). At a minimum, find 
out the drainage area, stream flow characteristics (timing, 
response to rainfall events, etc.), bankfull discharge, and the 
sediment type and transport characteristics. 

4. What stream characteristics and processes need to be altered 
to reach the restoration goals? Consider short- and long-term 
changes. A stream’s condition is directly related to upstream 
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and downstream alterations and land-use changes in the wa
tershed. 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 in understanding how the stream 
developed its current condition (e.g., landslides, urbaniza
tion, change in riparian vegetation). Knowing the history of 
the watershed also might help identify changes that need to 
be made that support a more stable stream condition. 

In some cases, intervening to improve stream characteristics in a 
shorter time period is necessary. Many options must be reviewed 
for their capacity to improve conditions relative to cost and 
potential impacts to the area. Before landowners make deci
sions regarding modification of a stream, they must identify the 
potential array of stream conditions and corresponding charac
teristics. All of the present variables have to fit together, such as 
amount of water, amount of sediment, size of the channel, and 
size of the meanders. 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, steep-gradient stream is not feasible. An
other example that is not recommended is to modify a stream 
to characteristics that do not account for the urbanization or 
change in flood flows for the watershed. A restored stream’s 
designed characteristics must account for increased urbanization 
and corresponding runoff. It might not be possible to recreate 
the stream’s historic characteristics if the conditions within the 
watershed have changed. 

Because of the complexity of stream processes and potential 
impact on aquatic life and water quality, it is recommended that 
a team of specialists design and evaluate the possible projects 
(hydrologists, stream ecologists, fish biologists, riparian special
ists, engineers, geologists, etc.). 

In the area of stream restoration, there are many past 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 respect for the complexity of the stream 
system. Each site and situation will be different. There is no 
“cookbook,” nor are there any “one-solution-fits-all-situations” 
remedies. Each project must be compatible with the stream 
type, the valley setting, and the stream’s natural tendencies. 

All stream restoration projects must improve, by definition, 
riparian and floodplain conditions. The river, the riparian zone, 
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and the floodplain are all part of the same system, and the riv
er’s characteristics are determined by the watershed’s character
istics and conditions. In addition, stream improvement projects 
must consider upstream and downstream causes of present 
stream conditions. For example, high rates of erosion-caused 
sediment might be transported downstream to the project site, 
or a headcut (downcutting or erosion of the stream bed) might 
be progressing upstream to the project site. 

Conclusions 
Streams change over time, but they can maintain some basic 
characteristics. The location of the stream can change over time 
as the outer bank of meander bends erode and gravel bars are 
deposited on the inside of bends. If the gradient becomes too 
flat, a meander cutoff can 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, size and 
amount of sediment moving through the system, and timing 
and duration of flows. 

Streams are complex systems that are formed and influenced by 
many variables. What happens upstream can affect the down
stream areas, and vice-versa. Many changes (both natural and 
human-caused) to the land and streams in the watershed (e.g., 
removing vegetation, landslides, urbanization, roads) cause 
streams to become unstable for periods of time. Stream condi
tions during these unstable periods can negatively affect fish 
habitat and water quality. 

Improving stream conditions for fish and water quality is a ma
jor effort in the Pacific Northwest. Understanding the stream’s 
characteristics and how those characteristics change with differ
ent watershed conditions is crucial to successful improvement 
projects. These improvement projects will include fixing the 
cause of the problem upstream, downstream, or in adjacent 
riparian areas and allowing the stream to adjust over time. The 
improvements also might include designing and implementing 
in-stream projects that directly manipulate stream characteris
tics (width, depth, gradient, sinuosity, etc.). 
Many lessons are learned from past restoration projects. Im
provement projects should support a stream’s stable character
istics while allowing the stream to adjust over time within the 
channel migration zone. These projects should also protect or 
improve the stream, floodplain, and riparian zone functions 
and processes based on the goals. Floodplain protection and 
restoration is crucial to stream restoration projects. Economi
cally, it is often less expensive over time to protect and restore a 
floodplain than it is to pay for flood damages later. 
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Figure 21. 1952 aerial photo of Bailey Creek in Enchanted Valley, 
Oregon. Bailey Creek flows north to south into Mercer Lake. 
(USFS) 

Bailey Creek Case Study 
Bailey Creek flows through Enchanted Valley into Mercer 

Lake near Florence, Oregon. Based on historic aerial photos 
and ground surveys, Bailey Creek was once a meandering, 

low-gradient stream in the 
middle of the valley. During 
most of the 20th century, En
chanted Valley was privately 
owned and the land was used 
for a dairy farm. Prior to 1952, 
Bailey Creek was diverted into a 
straight ditch along the south
ern edge of the valley, prob
ably to create more pasture. 
Figure 21 is a 1952 air photo 
that shows remnants of the old 
channel in the middle of the 
valley. Bailey Creek flows north 
to south and into Mercer Lake. 
A straight diversion ditch was 
built along the east side of the 
valley. 

Effects of the channelization 
of Bailey Creek include in
creased sediment deposition at 
the mouth of the creek in Mer
cer Lake, increased bank erosion 
as the stream tries to rebuild its 
meandering pattern, and down-
cutting of the stream channel. 
Historic aerial photos and site 
surveys were used to construct 
a map that compares channel 
changes between 1952 and 

1995 (figure 22). The upper part of Bailey Creek was probably 
ditched just before the 1952 photos were taken because much 
of the historic channel was still present. The lower part of 
Bailey Creek was constructed prior to 1939, based on aerial 
photos. 

Figure 23 compares the cross sections of the stream above 
and below channelization and illustrates the change in chan
nel geometry due to downcutting. Figures 24a and 24b show 
the increased bank erosion in the upper part of the valley. 
As the banks erode to recreate a meander pattern, sand and 
gravel are deposited on the opposite sides to create new point 
bars. 

Continued 



 

   
  

 

Bailey Creek Case Study continued 

▼ 

“Upper”BaileyCreek—relocated 
and constructed as a ditch,prior 
to 1952 

D = Ditchline to 
capture flow from 
tributaries 

Edge of lake 

Willows 

Parking area 

Road 
▼ 

▼ 

▼ 

▼ 
▼ 

Old ch
annel

Old channel remnant 

“Lower” Bailey Creek—relocated and 
constructed as a ditch, prior to relocation of 
“Upper” Bailey Creek 

▼ 

Figure 22. Map of Bailey Creek. Illustrates remnant old channel (mapped from aerial photos and 
ground surveys). Illustrates Bailey Creek as a ditch along west edge of flood plain. Illustrates ditch 
line along each edge of flood plain, probably constructed to capture flow from tributaries and 
route to Mercer Lake. (USFS) 

Cross-section above channelized section of creek 
(Width/Depth ratio = 23) 

Cross-section across channelized section (Width/Depth ratio = 6.4) 

Figure 23. Comparisons of cross-sections across Bailey Creek. The dashed line is a cross-
section measured above the channel and is relatively undisturbed. The solid line is a 
cross-section measured midway down the channelized and straightened section of Bailey 
Creek. Note the difference in the width/depth ratios and the amount of downcutting 
that has taken place in the channelized section of the creek. (USFS) 

Continued 
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Bailey Creek Case Study continued 

Figures 24a and 24b. Stream evolution and adjustment in the “upper” 
Bailey Creek. Bailey Creek is increasing its sinuosity by eroding outside 
banks and depositing sediment on the inside point bars. Vegetation is 
beginning to be established on the point bars. (USFS) 

The bank erosion and 
downcutting within the 
straightened channel 
have increased sediment 
production and caused 
a delta to grow at the 
mouth of Bailey Creek. A 
series of air photos from 
1952 to 1999 shows the 
growth of the delta (fig
ures 25a and 25b). Based 
on topographic field sur
veys of the delta, the edge 
of the delta progressed 
out into the lake by 12 
feet in one year (Septem
ber 1998–99). 

The Siuslaw National 
Forest acquired Enchant
ed Valley in the early 
1990s. In 1995, planning 
was begun to restore 
a meandering stream 
channel in the valley. In 
1999, a new meandering 
channel was built in the 
lower part of the valley. 
Figure 26 is a map of the 
new channel. The con
structed channel was built 
to flow in the vicinity of 
the historic channel and 
to function similarly. The 
new channel is designed 
to carry the annual high 
flow within its banks, but 
to allow higher flows to 
inundate the floodplain 
more frequently. It is also 
designed to have a gradi
ent, sinuosity, and aver
age stream flow similar to 
the historic meandering 

channel. All of these changes, in addition to establishing native 
riparian vegetation, are expected to support the normal changes 
in stream pattern without excessive erosion and downcutting. 

Continued 



Bailey Creek Case Study continued 

Growth 
of delta

▼ 

Figures 25a and 25b. Air photos showing the growth of the delta at the mouth of Bailey Creek from 
1952 (left) to 1999 (right). 1952 air photo has been enlarged to show scale similar to 1999 photo. (USFS) 

Straightened channel 
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Edge of lake 
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▼ 

▼ 
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▼ 

▼

Channel constructed in 1999 

Old meander scars▼ 

▼ 

Figure 26. Map of newly constructed channel of Bailey Creek. (USFS) 
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Glossary 
Bankfull discharge—the amount of stream flow that is equal to a peak flow event that occurs on aver

age every 1.2 to 2 years. This flow might not be literally to the top of the stream banks. 
Barb—in-stream structure consisting of boulders and riprap-sized rock that diverts the streamflow where 

highest velocities occur during bankfull discharge. The Natural Resources Conservation Service de
signed these structures to provide erosion control until vegetation can be established on stream banks. 

Braided channel—segment of a stream that has more than two main channels carrying streamflow 
during a bankfull discharge flow event. 

Channelize—to mechanically alter a stream’s bed and banks to cause the stream to flow straight. 
Check dam—structure usually made of boulders and smaller rocks used for grade control in a stream. 
Cobble—size class for rocks that have a diameter ranging from 64 to 256 millimeters (2.5 to 10 inches). 
Confinement—a measure of how much the stream channel is laterally constrained within the valley 

floor. A stream channel is defined as confined when the valley width is less than two times the chan
nel width, moderately confined when the valley width is between two and four times the channel 
width, and unconfined when the valley width is greater than four times the channel width (OWEB 
Watershed Assessment Manual, 1999.) 

Debris torrent—landslide that has entered the stream channel and flows as a mixture of water, sedi
ment, and debris. 

Depositional segment of stream—a segment with a gradient or slope of less than three percent. Sedi
ment and wood are deposited here for long periods of time. 

Dike—mound of rock and earth that borders a stream to keep the stream from flooding into the adjacent 
area. Typically these have been built to prevent the stream from flooding into its floodplain. 

Downcut—the erosion of the stream bed causing a decrease in elevation across the stream channel. 
Entrenchment—a measure of how much the streamflow is vertically contained in a stream channel 

during flood events. This is a ratio of the floodprone area width divided by the bankfull width (width 
of channel at normal high flow). The floodprone area is determined from the width at an elevation 
associated with two times the maximum bankfull depth. Typical ratios for entrenched streams are 
less than 1.4; for moderately entrenched streams, between 1.4 and 2.2; and for slightly entrenched 
streams, greater than 2.2 (Rosgen, 1994, Catena paper). 

Floodplain—land next to stream where water overflows during floods. 
Flow event (“1.5-year flow event”)—the statistical representation of an amount of streamflow. A 1.5-year 

flow event is a peak stream flow that occurs every 1.5 years on average. 
Gradient—slope of the stream channel measured as vertical distance divided by horizontal distance. 
Groin—similar to a barb, an in-stream deflector made of boulders and rock designed to divert streamflow 

and prevent erosion of streambanks. 
Headwater stream—the segment of stream located where it is formed in a channel by the accumula

tion of surface and subsurface flow. 
Nurse log—term used for logs on which tree seeds sprout and grow. 
Point bar—sediment deposit formed on the inside bend of a stream 
Sinuosity—amount of curvature in the stream channel. 
Slope—same as gradient, the vertical distance divided by the horizontal distance. 
Step pool—pools in a stream formed by the scour of water plunging over a step created by a log or boul

ders. 
Stream gaging station—permanent location along a stream where the stream’s elevation is continu

ously measured with gaging instruments. A hydrologist measures the stream’s velocity and flow at dif
ferent elevations at the station. The hydrologist combines the elevation and streamflow information 
to create a continuous record of streamflow. 

Stream network—term used to describe the stream and its tributaries upstream of a given point. 
Wedge of sediment—the accumulation of excessive amounts of sediment deposited in an area. 
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Resources for Further Information 
In addition to the Literature Cited on page 37, the following are recommended for further 
reading. 

Books 
Bastasch, R. 1998. Waters of Oregon: A Source Book on Oregon’s Water and Water Management. 

Corvallis, OR: Oregon State University Press. 
Gordon, N. D., T. A. McMahon, and B. L. Finlayson. 1992. Stream Hydrology, An Introduction for 

Ecologists. New York, NY: John Wiley & Sons. 
Leopold, L. 1997. Water, Rivers and Creeks. Sausalito, CA: University Science Books. 

Manuals 
Rutherfurd, I. D., K. Jerie, and N. Marsh. 1999. A Rehabilitation Manual for Australian Streams. 

Cooperative Research Center for Catchment Hydrology, Department of Civil Engineering, 
Monash University. Clayton, VIC 3168. Phone (03) 9905 2704. 

Articles 
Frissell, C. A., W. J. Liss, C. E. Warren, and M. D. Hurley. 1986. A hierarchical framework for 
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ment 10:199–214. 
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ifications. Environmental Management 9:17–426. 

Ralph, S. C., G. C. Poole, L. L. Conquest, and R. J. Naiman. 1994. Stream channel morphology 
and woody debris in logged and unlogged basins of western Washington. Canadian Journal 
Fisheries and Aquatic Science 51:37–51. 

Rosgen, D. 1994. A classification of natural rivers. Catena 22:169–199. 

Environmental Protection Agency Documents 
Ecological Restoration: a tool to manage stream quality. Document EPA 841-F-95-007.
 
Has chapters on restoration, restoration and the Clean Water Act, linking restoration practices to 

water quality parameters, evaluating cost-effectiveness of restoration, and case studies. 


Watershed Tools Directory. Document EPA 841-B-95-005.
 
Has several hundred one-page descriptions of methods and techniques for evaluation and correc
tion of watershed problems.
 

To order hard copies of the above documents, fax (513-5669-7168) or mail request (with docu
ment title and number, your address, organization, and phone number) to NCEPI, 11029 Ken-

wood Rd., Bldg 5, Cincinnati, OH 45242. Also available on the Web at http://www.epa.gov/
 
OWOW/watershed.html
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