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Channel Erosion and Sediment Transport in
Pheasant Branch Basin Near Middleton, Wisconsin--
A Preliminary Report

R. S. Grant and Gerald Goddard

ABSTRACT

The purpose of this 5-year study is to (1) evaluate the sediment
transport, streamflow characteristics, and stream-channel morphology in the
Pheasant Branch basin near Middleton, Wisconsin; (2) relate the above to
land-use practices; and (3) provide a method of evaluating the effect that
changes in land-use practices will have on Pheasant Branch. The study is
being conducted by the U.S. Geological Survey in cooperation with the city
of Middleton and the Wisconsin Geological and Natural History Survey.

The purpose of the firgt year of study was to evaluate sediment
transport, streamflow characteristics, and stream-channel morphology and to
document historical erosion in the study area. Findings are presented from
the first year of study in this report. Pheasant Branch, a tributary to
Lake Mendota, drains 23.1 square miles of glacial drift. Channel erosion
is severe within the city of Middleton, requiring extensive use of erosion-
control structures in some locations. Channel dredging near the mouth and
into Lake Mendota is required occasionally for boating.

Streamflow gages, rain gages, automatic sediment samplers, and monumented
cross-section sites were established in 1977. A cross-—section survey of
Pheasant Branch in 1971 provided data for quantification of stream-channel
changes since that time.

Comparing the cross-section surveys of 1971 and 1977 shows the channel
thalweg (low point in stream channel) lowered 3 to 4 feet at some sites in
the urban reach from U.S. Highway 12 downstream to Century Avenue. In the
reach downstream from Century Avenue, average channel width increased from
about 35 to 48 feet, and the average channel cross-section area increased
86 percent. Six erosion-control structures previously installed by the
city in the urban reach appear to have had some benefit in controlling head
cutting in the channel.
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INTRODUCTION

Pheasant Branch, a tributary to Lake Mendota at Middleton in Dane
County, Wis., drains an area of 23.1 mi2 consisting of rolling hills in the
upland to flat heavily cultivated fields in the flood plain. Urbanization
in the basin has been increasing at a rapid rate and is projected to accel-
erate.

With the increase in urbanization, associated problems of stream-
channel erosion and suspended sediment in Pheasant Branch have developed.
Stream-channel erosion downstream from U.S. Highway 12 has become so
severe that numerous erosion-control structures have been installed.
Increasing amounts of sediment are being carried into Lake Mendota, requiring
occasional dredging near the mouth of the stream to maintain recreational
boating. Pheasant Branch Marsh downstream from Century Avenue traps some
of the sediment and thus reduces sedimentation in Lake Mendota.

The purpose of this 5-year study is to (1) measure the sediment
transport, streamflow characteristics, and stream-channel morphology in the
Pheasant Branch basin; (2) relate the above to land use and increased
urbanization; and (3) use a computer simulation model to project the effect
that changes in land use will have on the hydrology of the study area.

This report evaluates channel erosion and sedimentation from data collected
during the first year of the study and documents historical erosion problems.

To evaluate channel erosion and sedimentation in the basin, streamflow,
suspended-sediment concentrations, channel geometry, and precipitation data
were collected during 1977 and 1978. Locations of sampling sites are shown
in figure 1. Continuous streamflow records were obtained at five gaging
stations; suspended-sediment samples were taken by automatic samplers at
three sites and manually at two sites; surveys of stream channel cross
sections were made for another study in 1971 and repeated for this study in
1977. Precipitation was recorded at four sites. Of the five streamflow-
sediment gaging stations in the Pheasant Branch basin, three monitor rural
areas, two urban drainage, and two the effects of Pheasant Branch Marsh on
sediment trapping and peak-flow attenuation. One of these stations also
monitors suspended-sediment discharge into Lake Mendota. These data were
compiled to determine whether the channel geometry has changed since 1971
and to account for the effect of land-use practices on channel erosion and
sedimentation.

This study is being made by the U.S. Geological Survey in cooperation
with the city of Middleton and the Wisconsin Geological and Natural History
Survey. The U.S. Army Corps of Engineers has assisted by funding the
operation of four gaging stations as part of another project. In addition,
the Dane County Regional Planning Commission also has funded the operation
of gaging stations and rain gages.
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and channel-survey sites.
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HISTORICAL EROSION

During the 1950's, land use in the Middleton area (fig. 1) changed
from agricultural to increasingly more urban with greater population
density. Along with land-use changes, erosional problems developed in the
Pheasant Branch basin.

Before 1950, Pheasant Branch flowed from the west along the north edge
of Middleton, northward through Pheasant Branch Marsh, and into Lake
Mendota. During the 1950's, the creek changed course, bypassing the marsh
and flowing easterly and northeasterly along Century Avenue. Trash dumping
at the entrance to the marsh may have caused the rerouting of the creek
(D'Onofrio, oral commun., 1975). The gradient of the creek increased from
about 18 to 24 ft/mi. During the late 1950's, urban development continued
in the Middleton area, including construction of a sanitary sewer along the
creek valley from Century Avenue to U.S. Highway 12, cutting off several
stream meanders near Park Street.

Due to evidence of erosion accompanying increased urban development in
the Middleton area, five concrete drop structures were constructed across
the creek in 1968 between Century Avenue and U.S. Highway 12 to reduce
stream gradient (Middleton Department of Public Works, oral commun., 1978).
Additional stream straightening also was done, and portions of the banks
were riprapped to reduce erosion. Between 1960 and 1967, in response to
increasing population, nine storm sewers emptying into Pheasant Branch were
built in Middleton. These storm sewers decreased the lag time for storm
water to reach the stream.

In 1967, the Middleton Lakeshore Problems Commission published recommen-
dations on how to solve Middleton's channel-erosion problems and suggested
relocation of the creek so that it would again flow through the Pheasant
Branch Marsh before entering Lake Mendota (D'Onofrio, 1967). Sediment and
associated chemical pollutants could thus be filtered out by the marsh. By
1971 this was accomplished, and the gradient was again reduced to about
18 ft/mi.

The population of Middleton has inereased from 8,246 in 1970 to an
estimated 11,564 in 1978--a L0 percent inerease (Wisconsin Department of
Administration, 1978). Projections for 1990 indicate a potential urban
population of approximately 20,000 (Plan Commission, City of Middleton,
1973). With projected population increase for the Middleton area, channel
erosion may again increase in the basin.

CHANNEL EROSION

Channel changes are largely caused by changes in stream discharge and
the sediment load, being carried. If peak streamflows tend to increase
through the years, the stream channel adapts by increasing its size. The
channel also can decrease in size if peak flows diminish. A stream burdened
with a sediment load may not have the erosive capacity that it would have
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Stream-Channel Changes in the Future

To determine further stream-channel changes and to identify the
causes of these changes, detailed channel-morphology studies will continue.
To estimate the effect of increased urbanization on sedimentation and
stream-channel changes, relations between channel size and streamflow will
be studied to determine if increased runoff through the years is the principal
cause of the severe channel erosion. Historical streamflow will be simulated
with a rainfall-runoff model calibrated by Spooner (1978) in a storm-water-
management study for the city of Middleton. Predevelopment streamflow will
be compared to postdevelopment flows to determine if runoff has increased
substantially. Using stream-channel changes, land-use changes noted over
the study period, and projected land-use changes, future stream-channel
size can then be estimated by using a model which simulates alluvial channel
changes in response to upstream streamflow and sediment discharge (u.s.
Army, Corps of Engineers, 1977).

If increasing runoff is the principal cause of channel erosion, a
determination might then be made of the streamflow regime necessary to halt
or reverse the channel-erosion process in the urban reach. Such runoff
reductions may be achieved by land-management techniques that increase
infiltration in critical areas that are at present subject to excess
runoff. Thus, structural alternatives may not be useful in the basin
upstream from the city. Within the city itself, however, structures may be
necessary.

SUMMARY AND CONCLUSION

To study channel erosion and sediment transport in the Pheasant
Branch basin an extensive data-collection network of streamflow gages,
automatic sediment samplers, and rain gages was established during 1977.
A stream-channel geometry network of monumented channel-survey sites on
Pheasant Branch and its tributaries also was developed.

Comparing a cross-section survey made in 1977 with a 1971 survey made
for a flood-plain study shows the channel thalweg lowered 3 to 4 ft at some
sites in the urban reach. In the reach downstream from Century Avenue,
channel width increased from about 35 to 48 ft, and channel cross-section
area increased 86 percent. Effects of six erosion-control structures
previously installed by the city in the urban reach have not been thoroughly
evaluated, but appear to have had some benefit in controlling head cutting
in the channel upstream from each structure.
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