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Section 32 Program Streambank Erosion Control
Evaluation and Demonstration Act of 1974

IOWA RIVER AT WAPELLO, IOWA
DEMONSTRATION PROJECT PERFORMANCE REPORT

I. INTRODUCTION

1. Project Name and Location. Streambank Erosion Demonstration

Project, Iowa River at Wapello, Iowa. See Plate 1 for location map.

2. Authority. Streambank Erosion Control Evaluation and Demonstration
Act of 1974, Section 32, Public Law 93-251.

3 Purpose and Scope. This report describes a bank erosion problem,

the types of bank protection used, and a performance evaluation of a
demonstration project on the Iowa River at Wapello, Iowa, constructed and

monitored by the Rock Island District.

4, Problem Resume. The city of Wapello, Iowa, is the county seat of

Louisa County and 1is located on the right bank of the Iowa River,
approximately 16 miles above its confluence with the Mississippi River.
At the upstream end of the community, the river makes a 90° bend, and
over the years the right bank has been eroding. The main business
district is within 180 feet of the riverbank; without man made
modifications this commercial area will be subject to erosion damage in

the near future. The general area is shown on Plate 2.
II. HISTORICAL DESCRIPTION
5. Stream.
a. Topography. The combined basin of the Iowa and Cedar Rivers

covers an area of 12,640 square miles of which 11,590 square miles are in

Iowa and 1,050 square miles are in Minnesota. The basin is about 230
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miles in length and averages 60 miles in width, reaching from north-
central Iowa and south central Minnesota to southeastern Iowa.

The basins of both the Iowa River and the Cedar River are generally long
and narrow. The Iowa River's average slope per mile is 1.9 feet per

mile.

b. Geology. Generally, the Iowa-Cedar Basin is gently rolling
prairie land, lying at elevations less than 150 feet above the streams.
All of the basin has been covered by deposits of the two earliest ice
sheets, the Nebraskan and the Kansan. In the lower reaches of the
watershed, except in parts of Louisa and Muscatine Counties, the surface
deposits are of the Kansan ice sheet, covering entirely those of the
Nebraskan; and the topography 1is erosional and maturely drained. 1In
parts of Louisa and Muscatine Counties, the surface glacial drift is of
the Illinoian, the third ice sheet, and the topography 1is also mature.
The streams have cut deeply into the drift of the Kansan and Illinoian
and have usually developed wide flood plains.

North of the Johnson-Linn County line, extending into Mower County in
Minnesota, the surface deposits over much of the basin are of the Iowan,
the earliest substage of the Wisconsin, the fourth glaciation. This
topography is generally erosional and well drained except in the upper
reaches where isolated swamps and bogs, some of them now artificially
drained, exist. The streams in the Iowa drift region are generally in

steep valleys, though fairly wide flood plains are sometimes developed.

In the upper reaches of the Iowa River watershed and portions of the
Cedar River watershed, the surface deposits are of the latest substage of
the Wisconsin. The topography is characterized by irregularly spaced
morainic hills and by marshes and peat bogs which were undrained or
poorly drained before artificial drainage. The streams in this region
have shallow channels in their upper reaches, but as their watersheds
increase in area downstream, the channels are cut deeper into the glacial

till and often into rock.
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Ce Natural Resources. The Iowa—-Cedar River basin's most valuable

natural resource 1is its rich farmland and generally abundant rainfall.
In many parts of the basin, limestone can be found close to the surface.
This limestone is used for the manufacture of Portland Cement, as
building stone, and for macadam roads. However, in the Wapello area

farming is the dominant livelihood.

d. Land Development and Use. About 95 percent of the basin is in

farmland, and 77 percent of the farmland is used for crops and pasture.
Farm woodland varies from about 8 to 10 percent in the southern part of

the basin to 2 to 4 percent in the northern part.

e. Transportation. Wapello is located on US Highway 61, which is

the major north-south route along the eastern edge of Iowa. Iowa Highway
99 also connects Wapello to points directly east and south. State
Highway 91, which runs the width of Iowa, 1s located six miles north of
Wapello at US 6l1. Wapello is also served by the CRI&P Railroad and

numerous county roads.

f. Hydrologic Characteristics. The Iowa—-Cedar watershed has a

typical continental climate in the temperate zone. The climate is
typified by conditions at Waterloo, where the average annual temperature
is about 48 degrees. Extreme monthly averages are 19 degrees for
January, and 74 degrees for July. Average annual precipitation is about
31.8 inches, with runoff of about 7 inches. Snowfall averages 29 inches.
The Iowa River at the town of Wapello, which is near its mouth, has a
bank-full capacity of 29,000 cubic feet per second, and at bank-full
stage has a width of about 740 feet and a mean depth of 10.7 feet. At
the city of Cedar Rapids, the Cedar River has a bank-full capacity of
10,000 cubic feet per second, and at bank-full stage has a width of 485
feet and a mean depth of 5.1 feet. No sediment, wave, or ice studies

have ever been conducted on the Iowa River in the Wapello vicinity.
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g. Environmental Characteristics. Five thousand dollars has been

set aside for a study by Rock Island District environmental section staff
to determine if any changes to the cultural, water quality, fish, etc.,
have occurred due to the streambank construction measures undertaken at

Wapello.

6. Demonstration Site—-Test Reach.

a. Hydrologic Characteristics. As previously stated, the annual

precipitation at Waterloo, which is similar to Wapello, 1is 31.8 inches.
The nearest stream gaging station is located at Wapello at the Highway 99
bridge on the downstream end of the project. Plate 3 is a river stage
versus duration curve of the Iowa River at the Wapello gage. Plates 4
and 5 show the hydrographs developed from data obtained at this gaging

station.

b. Hydraulic Characteristics. Flood flow velocities in the Iowa

River range from 0.1 to 0.15 f.p.s. at discharges of about 900 c.f.s. to
6.0 to 7.0 f.p.s. as discharges approach 35,000 c.f.s. Plate 6 shows the
velocity vs. discharge relationship taken at the Wapello gaging station.
Channel cross—section locations are shown on Plate 7. Channel cross-
gsections were taken at 19 ranges along the test reach and are shown on
Plates 8 thru 17. The velocity ranges are shown on Plate 18. Velocity
distribution within the channel cross—section for these selected ranges
are shown on Plate 19 thru 21. The flood of record for a period from
1916 to 1979 is the 1973 flood which had a peak stage of 28.63 feet and a
peak discharge of 92,000 cubic feet per second. See Plate 25 for
estimated yearly peak flood velocities.

Ce Riverbank Description.

(1) Bank Materials. Materials composing the banks of the Iowa

River are of two principal soil types. The top portion of the bank con-
sists of a sandy clay till surface layer underlain with a brown sand

which is fine to coarse and has a medium density. The bottom portion of
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the bank i1s a glacial till that is a very tough gray clay. This layer is
about seventeen feet thick. A typical section of the riverbank showing
the principal soil types and their thicknesses is shown on Plate 22.
Plate 23 shows the boring logs of three soil borings taken adjacent to
the Iowa River in Wapello. These borings show that the depths of the
principal soil types of the Iowa River bank adjacent to Wapello are quite

uniform.

(2) Normal Bank Vegetation. Vegetation cover on the banks

consists mainly of grasses, willows, cottonwoods, and various other
shrubs and quick-growth trees. Vegetation 18 present in nearly all

photographs.

(3) Bank Erosion Tendencies. The test site had been eroding

at a rate of up to 2 feet per year. In some areas it has been determined
that over 200 feet of the right riverbank have eroded away since 1848.
Plate 2 displays the historical and projected erosion of the riverbank.

The erosion rate of the Iowa River bank at Wapello is controlled by the
rate that the Iowa River flows wear away the tough clay comprising the
lower portion of the riverbank. Of the two principal soil types that
make up the riverbank (see plate 22), the lower clay portion is much more
erosion resistant. However, due to the moderately dense vegetation on
the upper sand portion of the riverbank, this portion has held up quite
well during high flows that subject it to erosive forces. Over 90 per-
cent of the time the river levels fluctuate within the lower clay portion
of the riverbank as shown on Plate 3. Therefore, most of the erosive

forces of the Iowa River act on this portion of the riverbank.
III. DESIGN AND CONSTRUCTION
7. General. Wapello 1s situated on a terrace that is 25 to 30 feet

above the normal river levels. The Iowa River bank erosion has been a

problem at Wapello since the community was established in the mid 1800's.
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However, it was not until the mid 1900's that the erosion had progressed
to the point that existing residential and commercial structures were

being threatened.

In the past, the Wapello community and individual property owners have
exerted considerable effort to stabilize the riverbank. A deflection de
or jetty has been constructed between Mechanic Street and Van Buren
Street. There have been large quantities of rubble dumped along the
riverbank. These efforts may have reduced the erosion rate; however,

they have not been effective in eliminating the bank erosion problem.

8. Basis for Design. The primary reason for selecting the combinatio

plan was the fact that this project was a demonstration site. Using th
combination of permeable timber jetties, erosion control mat, and Kelln
Jacks, allows engineering scrutiny as to which erosion control measures
are beneficial for future use. The jetties are designed to direct flow
to the center of the channel; the jacks are placed to stabilize the toe
of the sloping bank; and the erosion mat was designed to protect the b

against erosion during high flows.

9. Construction Details. The steel jacks were constructed of the

materials as shown and identified on Plate 24. At the Wapello site, 7
of the steel jacks were arranged on one line on 15-foot centers extend
upstream from the Highway 99 bridge and parallel to the bank. Plate 7
illustrates the layout of the steel jacks. Photo 1 shows the area of

site before construction. The steel jacks during and after constructi

are shown in photos 2 and 3, respectively.

The permeable timber jetties were constructed of the materials as shor
and identified on Plate 24. At the Wapello site, six ranges of the

timber jetties were located as shown on Plate 7. Photos 4, 5, and 6

the site area before, during, and after construction, respectively.




The erosion control mat was constructed as shown on Plate 24. The mat
was placed on the area indicated on Plate 7. Photos 7, 8, and 9 show the

site area before, during, and after construction, respectively.

Construction was done from June through September 1978.

10. Cost. The total cost of fabrication and installation of streambank

erosion control measures amounted to $223,015.97.

IV. PERFORMANCE OF PROTECTION

11. Rock Island District is now monitoring this project four times a
year, including yearly surveys. Photo 10 is an example of the damage to
the timber jetties. Some panels are bent or missing. Some panels were
probably lifted off by ice action. Photo 11 illustrates some spalling on
the surface of the erosion control mat, apparently the aftermath of a
fisherman's campfire. The fabric covering of the erosion control mat has
been cut by the jacks or cables iIn a few places. A break in the concrete
erosion control mat was noted in April of 1981. The break is about 3 to
5 feet long. A knife blade could penetrate the break to about 1/2 inch,
although the break is obviously the total depth of the mat. See photo
14. However, other than these minor problems, the fabric is in good con-
dition. Photo 12 illustrates the damage to the steel jacks on the
upstream end. The anchor cable securing these upstream jacks was broken

during ice flow conditions.

12. Evaluation of Protection Performance. Flooding in the spring of

1979 resulted in some damage to timber jetties and to the steel jacks.

This damage 1s shown in photos 10 and 12 as mentioned previously.

The erosion control mat and timber jetties protection has been effective
in reducing additional bank erosion. The steel jacks, however, were not
as effective as planned. This is probably due to two conditions. One,

water and ensuing debris are moving too fast when they strike the steel
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jacks. Steel jacks operate better in catching debris and deflecting the
current when the water is at a lower velocity. Second, ice 1lifting and
heaving resulted in some of the steel jacks being flattened and moved
from their original position in the river to a flattened position on the
bank.

13. Rehabilitation. Rock Island District personnel from Operations

Division did repair work on the timber jetties during the summer of 1980.
This work consisted of repairing or replacing damaged and broken wood
panels and welding pipe extensions to some of the pipe piling. This work
was completed at a cost of $16,106.20. The broken cable previously men-
tioned was extended and anchored by Rock Island District personnel to a
tree growing near the top of the riverbank. The cost of this repair work

was $400.

14, Conclusion. The effectiveness of the erosion control mat, timber

jetties, and steel jacks has been demonstrated by flooding at the Wapello
site in the spring of 1979. An important consideration in determining
the proper streambank erosion measure is to determine the water velocity
at different reaches of the project. This will ensure that the proper
type of streambank protection is placed where it will do the most good.
Another important point to consider is ice causing damage to streambank
improvements due to heaving and uplift of ice. The Corps of Engineers

will continue to monitor this project.




PHOTO 1. LOOKING UPSTREAM AT WAPELLO RIVERBANK FROM
HIGHWAY 99 BRIDGE. 8 JUNE 1978.

PHOTO 2. STEEL JACKS DURING CONSTRUCTION.

PHOTOS 1 AND 2
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PHOTO 3. STEEL JACKS IN PLACE AFTER CONSTRUCTION.

PHOTO 4. LOOKING UPSTREAM FROM THE TOP OF IOWA RIVER BANK TO
AREA WHERE THE TIMBER JETTIES WILL BE CONSTRUCTED.
8 JUNE 1978.

PHOTOS 3 AND 4
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PHOTO 5. TIMBER JETTIES DURING CONSTRUCTION. 24 AUGUST 1978.

PHOTO 6. LOOKING UPSTREAM FROM STA 18+00 AT TIMBER JETTIES.
19 OCTOBER 1978.
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PHOTO 7. AREA WHERE EROSION CONTROL MAT IS TO BE PLACED.
8 JUNE 1978.

PHOTO 8. PUMPING GROUT INTO THE EROSION CONTROL MAT.
24 AUGUST 1978.

PHOTOS 7 AND 8
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PHOTO 9. STA 12+00 LOOKING UPSTREAM AT CONCRETE MAT.
14 NOVEMBER 1979.

PHOTO 10. DAMAGED TIMBER JETTY AT STA 26+00. 7 MAY 1980.

PHOTOS 9 AND 10
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PHOTO 11. CONCRETE SPALLING OF THE EROSION CONTROL MAT. 1980.

PHOTO 12. STA 6+00 LOOKING UPSTREAM AT DAMAGED STEEL JACKS.
14 NOVEMBER 1979.

PHOTOS 11 AND 12




PHOTO 14. BREAK IN CONCRETE EROSION CONTROL MAT.

PHOTOS 13 AND 14
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The following table gives the estimated velocity of flood discharges taken at the Wapello

stream gaging station.

of the project.

edge of water (REW).

The gage is located at the Highway 99 bridge on the downstream end

The velocity measurements were taken approximately 40 feet from the right

The period of record is from water year 1916 to water year 1979.

Peak Peak Est Vel Approx. Peak Peak Est Vel Approx.
Water Stage Discharge 40" from REW Water Stage Discharge 40' from REW
Year Date (ft.) (c.f.8.) (ft./sec.) Year Date (ft.) (c.f.8.) (ft./sec.)
1916 28 Mar 22.7 48,900 7.20 1948 21 Mar 24,68 60,000 7.50
1917 29 Mar 23,2 52,000 7.35 1949 11 Mar 22.71 44,300 7.05
1918 8 Jun 25.00 77,000 7.70 1950 14 Mar 22.79 44,800 7.10
1919 23 Mar 20.83 38,100 6.70 1951 14 Apr 26.14 67,000 7.60
1920 29 Mar 19.7 32,200 6.25 1952 14 Mar 22,10 41,300 6.90
1921 24 Sep 19.6 32,400 6.30 1653 23 Feb 20.42 32,800 6.10
1922 2 Mar 18.6 26,500 5.65 1954 29 Jun 21.98 40,800 6.90
1923 7 Apr 19.6 31,700 6.20 1955 25 Apr 18.26 23,000 5.20
1924 28 Jun 21.30 40,700 6.85 1956 1 Sep 14.18 9,340 2.32
1925 21 Jun 15.20 12,900 3.25 1957 22 Jun 15.89 14,200 3.55
1926 25 Sep 21.8 43,500 7.00 1958 27 Feb 16.48 13,000 3.25
1927 26 May 20.1 34,200 6.40 1959 22 Mar 21.52 37,200 6.70
1928 9 Oct 19.2 28,800 5.95 1960 5 Apr 27.02 69,000 7.65
1929 21 Mar 24.6 72,200 7.70 1961 3 Apr 26.85 68,000 7.60
1930 17 Jun 23.5 52,200 6.35 1962 6 Apr 25.38 53,700 7.40
1931 27 Sep 13.1 6,740 1.63 1963 21 Mar 19.16 25,100 5.50
1932 2 Dec 18.8 27,800 5.80 1964 25 Jun 15.25 11,800 2.95
1933 7 Apr 25.38 62,000 7.60 1965 13 Apr 27.25 70,800 7.70
1934 11 Apr 13.27 7,230 1.75 1966 25 May 20.36 30,300 6.10
1935 12 Mar 21.04 35,500 6.55 1967 9 Jun 19.43 26,700 5.50
1936 18 Mar 21.59 36,500 6.60 1968 10 Aug 18.70 21,500 4.90
1937 7 Mar 24,64 53,800 7.40 1969 15 Jul 27.40 69,200 7.65
1938 15 Jun 18.15 21,200 4.85 1970 6 Mar 21.81 34,600 6.50
1939 14 Mar 21.31 37,000 6.60 1971 28 Feb 23.23 38,000 6.70
1940 21 Mar 13.70 7,780 1.90 1972 8 Aug 19.37 24,500 5.40
1941 25 Mar 17.10 16,600 4.00 1973 22 Apr 28.63 92,000 7.80
1942 7 Aug 21.06 36,300 6.60 1974 19 May 28.12 82,200 7.75
1943 4 Aug 18.68 24,400 5.40 1975 25 Mar 21.78 38,700 6.75
1944 25 May 24.72 54,100 7.40 1976 27 Apr 21.41 36,600 6.60
1945 22 Mar 24.82 56,400 7.50 1977 20 Sep 18.23 21,100 4.80
1946 8 Jan 23.98 51,400 7.30 1978 22 Mar 20.14 30,300 6.10
1947 18 Jun 26.85 94,000 7.80 1979 22 Mar 25.3 63,700 7.60

before levee

failure

ESTIMATED FLOOD VELOCITIES
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Section 32 Program Streambank Erosion Control
Evaluation and Demonstration Act of 1974

LITTLE MIAMI RIVER AT MILFORD, OHIO
DEMONSTRATION PROJECT PERFORMANCE REPORT

I. INTRODUCTION

l. Project Name and Location. Milford, Ohio Bank Protection, Little Miami

River, Mile 13, Milford, Ohio. Plates 1 and 2 show a General Map and Location

Plan for the site.

2o Authority. Streambank Erosion Control Evaluation and Demonstration Act of
1974, Section 32, Public Law 93-251.

3. Purpose and Scope. This report describes a bank erosion problem, the

types of bank protection used, and a performance evaluation of a demonstration
project on the Little Miami River, Ohio, constructed and monitored by the

Louisville District.

4., Problem Resume. Milford lies along both banks of the Little Miami River

about 12 miles upstream from its mouth on the Ohio and about 1 mile upstream
from its confluence with the East Fork of the Little Miami River as shown on

the General Map, Plate 1.

The study area consists of a precipice about 75 feet high which has been
cut by the river through unconsolidated glacial material. This material
consists of sand and gravel deposits which are overlain by silt and clay.
Erosion of this bank has progressed at the rate of about 5 feet a year since

1973; however, in recent years up to 10 feet has been lost per year.

The critical caving bank area, Plate 2, on the left (east) bank is now
about 800 feet long and 75 feet high. Erosion has taken an alley, a garage,
and sanitary sewerline. The sanitary sewerline has since been relocated about

50 feet away from the bank. There is evidence of ground loss prior to 1958.
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Erosion progressed to the Mound Street Alley area during 1974. Most erosion
has occurred since then. The purpose of the project was to stop erosion of
the lower bank and to lessen and eventually stop erosion of the high bank and

thereby reduce loss of private property and public utilities.

II. HISTORICAL DESCRIPTION

5. Stream.

a. Topography. The topographic features along the left bank of Milforc

consist of a low flood plain and multilevel plateau areas. The topographic
relief along the left overbank ranges from approximately 500 feet mean sea
level along the left overbank, while less than 1/2-mile landward, an elevatii
of 690 feet mean sea level exists. The topographic information listed above
was taken from 1970 photo revised U.S.G.S. quadrangle maps with 10 foot
contour intervals. Most of the recent land development at Milford has been
the upper plateaus away from the flood plain. The City of Milford has zonin

ordinances which include the designation of flood plain lands.

The Little Miami River begins in Clark County, Ohio, not far from South
Charleston, and flows south to the Ohio River. The main branch passes throu
Clark, Greene, Warren, and Hamilton Counties. It drops from an elevation of
1,137 feet mean sea level at its source to 448 feet mean sea level at its
mwouth, an average slope of 6.5 feet per mile. The Little Miami River throug
the Milford reach was designated a Scenic River by the state in 1969. The
Little Miami River has three principal tributaries: Caesar Creek, Todd Fork

and East Fork.

East Fork is a major tributary of the Little Miami River which has its
confluence 1.5 miles downstream of Milford. East Fork has a basin area of
500.7 square miles in its 81.7 miles of length. The Corps of Engineers
has recently completed East Fork Lake. The lake is a multipurpose
project with water supply, water quality, recreation, and controls a 342
square mile drainage area for flood control purposes. The damsite is locat«

about 21 miles above the confluence.




The drainage area of Little Miami River at Milford is 1,203 square
miles. Recently, the Corps of Engineers has completed Caesar Creek Lake, a
multipurpose project on Caesar Creek, a major tributary of the Little Miami
River. This lake controls a drainage area of 237 square miles and is designed
to provide for storage of water for water supply and water quality control,
recreation, and flood control. The damsite is three miles above the mouth of
Caesar Creek, a tributary of the Little Miami River, about 30 miles north of
Milford.

b. Geology. The Village of Milford, Ohio, is approximately 10 miles
east of Cincinnati. Preliminary study indicates that much of Milford is
situated on unconsolidated, largely pervious, glacial outwash that is
generally covered by a few feet of impervious till. The critical caving bank
area is composed of thick deposits of permeable sand and gravel underlying
relatively thin layers of fine sand and clay. Bedrock throughout most of the
basin is overlain by unconsolidated clay, silt, sand, and gravel deposits of
glacial origin. Two major types of deposits left by glaciers are till,
composed of clay with sand and boulders, and outwash composed chiefly of sand
and gravel. As a result of several periodic advances of glaciers, both till
and outwash were deposited in the basin. Plate 8 is a natural section at the

project site showing soil composition.

The soil deposits exposed in the bank slope consist of granular
materials ranging from fine sands to coarse gravel. The deposits vary
in gradation and are encountered at interbedded conditions with some zones
exhibiting cemented formations. The stable bank slopes to either side of the
problem area are covered with overburden and vegetation including trees.
These slopes are standing at apparently stable condition at a slope of 1 hori-
zontal to 1 vertical.

The slope conditions in the most severely affected problem areas reflect
a vertical drop of 30 feet from the alley grade of elevation 570 down to
elevation 540. From this level down, the materials which have accumulated

from the gravitational "drop"” from above have come to rest at an approximate

slope of 1-1/2 horizontal to 1 vertical. Such is considered to be the angle
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of repose for these materials and therefore constitute a stable condition

providing the toe of slope (at water line) is not undermined.

Buried valley aquifers have been identified in the Little Miami flood
plain with yields estimates at 3 to 4 million gallons per day per valley
mile. This water supply is rated as available but some exploratory boring

would be necessary.

c. Locality, Development and Occupation. Milford, Ohio, is located on

both banks of the Little Miami River, approximately 13 miles upstream of its
confluence with the Ohio River (see Plate 1). It is in Miami Township,
Clermont County, just west of the Clermont-Hamilton County line. Milford is
within the Cincinnati metropolitan area, 15 miles east of the city's central
business district. Terrace Park and Indian Hill Village are adjacent

communities to the south and west of Milford, respectively.

Population in 1960 was 4,131; in 1975 was 6,000 and is expected to be
about 10,000 by the year 2000. Because of the expansion of the metropolitan
Cincinnati area, development has occurred on both banks of the Little Miami
River in the Milford area. Milford is located on the left bank of the Little
Miami River, while Terrace Park is situated downstream of Milford on the right

bank. Indian Hills is located northwest of Milford.

Most of the Clermont County residents in the labor market are employed in
Hamilton County. The employment structure of Clermont County in 1970
consisted of a high percent of manufacturing (42 percent), wholesale and
retail (17 percent), and 11 percent in services. The remaining market
consists of a relatively equal distribution of agriculture, construction,

public services, government, and education.

Transportation facilities have recently been enhanced at Milford with the
local completion of I-275 beltway located two miles east of the village. This
beltway circumscribes the Cincinnati metropolitan area linking Interstate
Highways I-71, I-74, and I-75. Another major transportation route serving the
Milford area is U.S. 50, which links Milford to Mariemont and Cincinnati to

the west, and Perintown to the east.
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d. Hydrologic Characteristics. The drainage area of the Little Miami

River at Milford is 1,203 square miles. The average discharge is 1,189

c.f.s. A record discharge of 84,100 c.f.s. occurred on 22 January 1959. The
discharge of the historic high water of March 1913 exceeded this. Elevation
at the project site was 519.0 for this flood. An elevation—frequency curve is
Plate 16. Velocities at the site range from 2 to 5 feet per second for normal
flows to around 10 feet per second for floods. The average slope of the
stream is 6.5 feet per mile. Plate 9 is a profile of the stream showing
previous flood levels, thalweg, and Ordinary High Water. Plate 7 is a full
natural cross section at the project site. The main stem of the Little Miami
River from Loveland to its headwaters in Clark County has been designated a
scenic river by Ohio Department of Natural Resources. Elevation hydrographs
at the site are shown on Plates 10 through 15. Air temperatures at the site

are generally moderate, seldom above 100°F and only occasionally below 0°F.

The U.S. Geological Survey has a water—stage recorder gage located 500
feet downstream from U.S. Highway 50 at Milford. Gage zero is 499.20 feet
mean sea level, adjustment of 1929. Gage data are available from 1915 to
present with the exceptions of two periods: 1918-1925 and 1937-1938. The
maximum flood of record is the January 1959 flood when a gage height of 22.3
feet was recorded. Current information indicates that the flood in March 1913

reached a stage of 25.5 feet, present datum.

The average annual precipitation at Milford is approximately 41 inches.
The average runoff rate has been determined to be about 35 percent. Runoff
rates are relatively low and vary considerably due to the pervious soil in the
river basin. Antecedent rainfall in the basin is reflected in the ground

water table which, in turn, effects the degree of runoff.

e. Channel Characteristics. The elevation-frequency curve, Plate 16,

shows that flows which meet or exceed top of bank (near Milford) run more than
once per year probably almost 3 to 5 times per year. During average years the
stream always flows——never drying up. The channel is composed of random
deeper pools, bars, and riffle areas. During high flow considerable movement

of sand and gravel takes place-—rearranging to some degree the location and/or

G-61-5




size of these pools, bars and riffles. High water also results in erosion of

banks and loss of some trees.

At the project site, and along much of the stream, there is a very high
steep bank on one side of the stream (see Plan - Plate 2). This bank is sus-
ceptible to sloughing even though channel flows are always far from its top.
Erosion of the lower bank due to rearrangement of channel features, as
discussed above, and flow currents can cause sloughing to elevations 50 to 75

higher than the stream bottom.

f. Environment Considerations. The study area for this investigation

lies entirely within the corporate limits of the Village of Milford, Ohio. As
a result, the natural environment has been highly stressed by human

activity. Residential and commercial properties extend to the river and the
remaining natural vegetation consists primarily of a narrow bank of scattered
mature trees along the riverbank. The ground cover is generally species of
domesticated grasses. The predominant riparian tree species include sycamore,
cottonwood, elm and hackberry. Boxelder and white mulberry are prevalent
where an understory has been permitted to develop, and on the lower bank
slopes and sand bars in the river, channel black willow and sand bar willow
are prevalent. The highly stressed condition of the site would indicate
potential for the occurrence of any threatened or endangered plant species as

being slight.

The proposed project will exert short—term adverse impacts on water
quality during project construction as a result of increased turbidity. The
long—-term impact on water quality should be positive as a result of decreased
susceptibility of the bank to massive failure and erosion which will

substantially lessen localized river turbidity.

There will also be a temporary increase in noise, erosion, and a decrease

in air quality as a result of activities associated with construction.

There will be no long-term adverse impacts from these activities.
Because of existing conditions on the site, project impact on natural

vegetation and wildlife will be minimal. As the filled areas behind the dike
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will be stabilized by appropriate plantings, the overall effect of the project

should be to enhance the value of the area for wildlife.

No structures of historical significance will be affected by the
project. Although a potential archaeological site may exist within the
project limits, it was not affected by construction activities as there was no

excavation of the bank.

6. Demonstration Site--Test Reach.

a. Hydrologic Characteristics. The hydrologic characteristics are as

previously stated in paragraph 5-d.

b. Hydraulic Characteristics. Flow velocities at the site range from 2

to 5 feet per second for normal flows (around 1,200 cubic feet per second) to
around 10 feet per second for flood flows. A maximum recorded discharge,
84,000 cfs, occurred on 22 January 1959. Plate 9 shows this and other flood
profiles at the site. Velocity distribution within the channel cross section

was not determined.

c. Riverbank Description. The materials composing the bank are shown on

the bank section on Plate 8. This plate was compiled from an onsite
investigation by a Geotechnical Engineer. Test borings are not available at
this site. The bank materials are generally loose and easily become unstable

on slopes steeper than 2 horizontal to 1 vertical.

Vegetation cover at the site consists of grasses, weeds and a few
scattered small trees and shrubs. Because the upper bank is still sloughing--
seeking its angle of repose—-little or no vegetation can take hold there. See
inclosed photos. Erosion of the bank is discussed in paragraph 4. Plate 2

shows the present line of erosion of the upper bank.

III. DESIGN AND CONSTRUCTION

7. General. The very high bank, greater than 70 feet, created a special

design problem in that the cost to protect this entire height would be
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prohibitive. A method had to be devised to stop erosion of the lower bank or
toe and thereby control erosion of the upper bank. A comparison of the lower

protected area to the entire bank height can be seen on the photos.

8. Basis for Design. The method used to stabilize the lower bank had to be

one which would be able to withstand both flow conditions of the stream and
the expected future sloughing of the bank above it. Three methods were
devised to do this. These are shown on Plates 4 through 6. These schemes
(riprap, gabions and cribwall) all involve basically the same theoretical
method. A rather large riprap berm was constructed along the reach in order
to control erosion at the toe and thereby stabilize the entire reach
eventually. Then riprap, gabion and cribwall revetments were placed on the
berm (which was slightly above low water) in order to protect the natural bank

up to the 5 year flood level.

9. Construction Details. See Plate 2 for a plan of the project. Protective

works consist of a riprap berm along the left bank which slightly encroaches
the channel. The berm extends approximately 800 feet and provides a footing
[elevation 500) and toe (elevation 505) protection for three different types
of revetment: riprap, gabions, and a cribwall. The protective works extends
from 5 feet below the bottom of the river to elevation 510. Backfill between
elevations 510 and record high water elevation 518 was to be protected by
selected vegetation. A low masonry dam built across the river near the center
of the problem area has been washed away over the years, except for the center
third which diverts flows against the left bank even under low flow
conditions. The remaining portion of the dam has been demolished as part of
the plan of improvement. Plates 4 through 6 are sections through each type of
protection. More details of design are shown on these plates. Plate 7 is a
full natural cross section at the site. The project was begun in 1978 and
completed in 1979. Photos 1 and 2 show the project under construction. Photo

3 shows the project soon after completion.

10. Cost. Total cost of the project was about $553,000 including Engi-

neering, Design, Supervision and Administration. Actual construction cost for
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each scheme is shown in the table below. Total cost and including supervi-

sion, administration, engineering, design, and construction is also included.

Construction Construction Total
Scheme Cost/Square Foot Cost/Linear Foot Cost/Linear Foot
Gabions $ 7.44 $141. $245,
Cribwall 12.70 241. 345.
Riprap 3.00 36. 169.
Foundation & Backfill — 249. 278.

No reconstruction was required.

IV. PERFORMANCE OF PROTECTION

11. Monitoring Program. The 3-year monitoring program consists of quarterly

inspections with up to 24 color photos of which 10-15 are selected for use in
the inspection report. Velocity is an important factor in erosion at this
site. Therefore, velocity is measured at two locations along the 800-foot
revetment using floats and stopwatch. A U.S.G.S. water stage recorder 0.5
mile upstream provides stage and flow information. Plates 10 through 15 are
hydrographs for the site from the start of project (1976) to present. Plate 3

shows the parameters monitored and the frequency.

12. Evaluation of Protection Performance. During September 1979 a 10-year

flood occurred at the site. Water reached elevation 515 or about 5 feet above
the top of the protection which is at the 5-year flood level. No significant
damage occurred from this major flood. Some erosion has been continmuing to
occur upstream and downstream of the protection where a more gradual transi-
tion to natural banks should have been made. See photos for better insight
into these areas. Another large flood occurred during July 1980. This was
about a 6-year flood and reached 1 foot above top of revetment. Again, no
significant damage occurred. Monitoring inspections have shown a steady

sloughing of the upper bank. The locals have hydro-seeded this upper
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slope in hopes of reducing or stopping the sloughing. Plate 2 shows the
approximate existing line of erosion and expected final line when bank has

stabilized.

13. Rehabilitation. None has been required. The District may add some type

of protection at the transition areas at the upstream and downstream project

limits to curtail erosion occurring there-—see photographs 5 and 6.

14. Summary of Findings.

a. More gradual transition to natural bank should have been made

upstream and downstream of the project.

b. Sloughing of the upper slope should be slowed by continued growth of
weeds and grasses. However, the slope will continue to flatten toward its
natural angle of repose (1.5H to 1lV). Condition of the upper slope is the

responsibility of the locals and they are aware of that.

c. The revetment dike itself has performed well. It was designed to
create a permanent toe or lower bank from which the upper bank or bluff would
base itself and eventually stabilize. It appears that this will occur, thoug

more property at the top of the upper bank will be lost during the process.

d. The berm design (see Plates 2 and 4 through 6) has functioned well.
It has withstood the sliding of large amounts of material from the bluff and
the flow caused by a 10-year flood. The use of gabions and cribwall saved
valuable space which will eventually cause a savings in landscaped private
property and a sanitary sewer line. Therefore, the use of gabions and
cribwall in combination with the riprap dike was probably justified, though
the cost exceeds that of plain riprap. However, of the two types of retaini:

structures, gabions appear more economical.
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PHOTO NO. 1. 9 Nov. 78. Project under
construction; application of base fill
(rock) at upstream end.

PHOTO NO. 2. 9 Nov. 78. Under con-
struction; downstream portion of
project.

PHOTOS 1 AND 2
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CRIBWALL

PHOTO NO. 3. 5 May 80. Completed
project.

i!!ﬁﬁyﬁ e

PHOTO NO. 4. Completed project showing
unstable condition of upper bank. This
bank is expected to gradually stabilize
at its natural angle of repose.

PHOTOS 3 AND 4




PHOTO NO. 5. 5 Jan. 81. Erosion
downstream end of project. Repair of
this transition to natural section will
be required.

PHOTO NO. 6. Jan 8l1. Erosion up-
stream end of project. Transition
repair will be required here also.

PHOTOS 5 AND 6
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PHOTO NO. 7. Jan. 8l. Very steep upper
bank. Bank will continue to receed
until stable slope is reached.

PHOTO NO. 8. Jan. 8l. Note side of
material from upper bank onto berm area.
Some vegetation, mostly weeds, also
occurring.

PHOTOS 7 AND 8
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Parameter

Geometry

Climate

Hydraulics

Streambank
Protection

Geology and
Soils

DATA COLLECTION TABLE
MILFORD, OHIO SITE

Item Frequency
1. Overbank cross sections thru Once-signif.
various types of protection used. changes would
See Plates 4 thru 6. be resurveyed.
2. Full channel cross sections. Once
3. Ground photos from fixed Quarterly

reference points.

1. Air temperature, precipitation, Continuous
wind.
2. Ice conditions, snow cover noted As available

from visual observations.

1. River stage record (U.S.G.S Daily
stage recorder .5 mile upstream).

2. Stream velocity (measured using Quarterly
float and stop watch).

3. Wave height (fixed staff gage). Quarterly

4. Other miscellaneous river Quarterly
conditions: current direction,
turbidity, etc.

1. Monitor dimensional changes Quarterly
of marked structural and vegetal

units through photos and manual

measurement.

2. Observe durability of marked Quarterly
units of structural material
(qualitative).

3. Observe condition of marked Quarterly
plants.

4. Record initiation and measure Quarterly
progression of failures in bank

protection.

1. Materials properties testing. Once

DATA COLLECTION TABLE

PLATE
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LOWER CHIPPEWA RIVER NEAR
EAU CLAIRE, WISCONSIN




Section 32 Program Streambank Erosion Control
Evaluation and Demonstration Act of 1974

LOWER CHIPPEWA RIVER NEAR EAU CLAIRE, WISCONSIN
DEMONSTRATION PROJECT PERFORMANCE REPORT

I. INTRODUCTION

i Project Name and Location. The project is on the lower Chippewa

River near Eau Claire, Wisconsin. It extends about 9,900 bank feet along
five different reaches from about river mile 15.4 to mile 35.5 above the

Mississippi River. Plate 1 shows the project location.
Ze Authority. The authority for the project is contained in the
Streambank Erosion Control Evaluation and Demonstration Act of 1974,

Section 32, Public Law 93-251.

5 Purpose and Scope. This report describes the bank protection prob-

lem, the type of bank protection used, and an evaluation of the perform-
ance of the demonstration project on the Chippewa River. The project
was constructed and is monitored by the St. Paul District, Corps of

Engineers.

4, Problem Resume. Erosion along the Lower Chippewa Riyer is of two

types: (1) high bank erosion and (2) low bank erosion. The high bank
chosen for protection is more than 100 feet high and is being eroded by
undermining of the bank below the normal water surface which causes the
material to slide. See photo 1 for typical high bank erosion. Low bank
erosion occurs on banks generally 5 to 15 feet high. These banks are
eroded in the same manner. Undermining beneath the water surface causes
the material to slide while ground cover reinforces the soil at the top
of the bank. This soil becomes cantilevered as erosion progresses and

eventually breaks away. See photo 2 for typical low bank erosion.

Erosion of the banks below the water surface is primarily caused by
the river current acting against the banks and by fluctuations in the

water surface resulting from releases for hydropower. These fluctuations
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tend to saturate a narrow band of the silty sand banks during the
higher stage. When the stage drops, the return seepage results in loss
of strength in the first few inches of the surface soils causing minor
sloughing or flow of material which allows the current to slowly carry
or move it into the stream. These repeated actions steepen the bank

causing failure.

Other factors which may contribute to erosion include ice movement ,

wave action, and wind.

The following criteria were used to select the sites for erosion

control measures.

a. Site accessibility.

b. Stability of the reach with regard to flow patterns.

€. Workability of the bank.

d. Probability of local cooperation.

e, Environmental impacts of proposed actions.

: 8 Special suitability of the bank for certain types of ero-
sion protection.

g. Value of the property protected or damaged by the project.

IT. HISTORICAL DESCRIPTION

Da Stream.

a. General Topography. The Chippewa River basin, in the north-

western part of Wisconsin, extends 175 miles from Michigan to the Missis-
sippi River. It has an area of 9,573 square miles. The land surface
ranges from 670 feet above mean sea level at the mouth of the Chippewa
River to 1952 feet at Tims Hill on the eastern basin divide. In the
southern part of the basin, the land surface is irregular and ranges

in elevation from 1200 feet along the divide to about 700 feet in the
stream channels. Southwest of an eastward facing escarpment at Eau
Claire, the country is hilly and composed of a maze of ridges and

coulees. The lower course of the Chippewa River below Eau Claire has a
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uniform gradient of about 1.5 feet per mile and meanders broadly over its
1- to 2-mile wide floodplain. Erosional terraces more than 100 feet
above the valley floor indicate the depth to which the valley was origi-
nally filled. The most striking feature of the lower Chippewa River is
the delta, a great accumulation of sediment at its mouth, in the gorge
of the Mississippi River. Because the gradient of the Chippewa River

is much steeper than that of the Mississippi River, the smaller Chippewa
River was able to bring in more and coarser debris than the master
stream could handle. Thus, the delta was formed. Lake Pepin in the

Mississippi River valley was created upstream of the dam-like delta.

b. Geology. The project area lies within the Western Upland geo-
graphic province of Wisconsin. The upland is a cuesta or plateau,
capped with dolomite, in which the streams have cut deep, steep-sided
valleys. Till and outwash were deposited over the area probably during
the first substage of Wisconsin glaciation. The thin layer of sandy,
silty, clayey till mantling the upland is now fairly well weathered,
strongly leached, and therefore, acid. Most of the upland areas of
till and rock are covered with a mantle of loess, a medium— to coarse-
textured silt laid down by winds during Wisconsin glaciation. The silt
is generally 3 to 5 feet thick. On the terraces and outwash plains ad-
joining the Chippewa River, the soils are mostly glacial sands and
gravels. A mantle of silt and fine sand, laid down by wind, overlies
the more granular soils on the terraces in many places. Figure 1 is a
generalized cross section showing the geologic and topographic features

in the vicinity of the project area.

Surface relief and soils of the area have been greatly influenced
by the bedrock. The sequence of rock stratigraphy is, in ascending
order, igneous and metamorphic Precambrian basement rocks which dip
southwest at 15 feet per mile and lie 500 feet below the land surface
at the mouth of the Chippewa River, easily erodible soft Cambrian
sandstones which underlie the alluvial and outwash sediments in the

valleys and abutting walls, and Ordovician dolomite which caps hills
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and ridges. The town of Durand is built on a sandstone terrace covered

with a thin veneer of silts and sands from 4 to 15 feet thick.

Along the lower reaches of the Chippewa River, the valley bottom
is deep and wide and bounded by uplands that rise abruptlv 200 to 400
feet above the sandy floodplain. Along the main stream and its tribu-
taries in the area, several levels of terraces and steep escarpments
rise above the floodplains. The terraces were formed by the entrench-
ment of these streams, which cut deeply into the old floodplains. Ero-
sional downcutting continues as the more steeply graded Chippewa River
seeks the level of the Mississippi River. The natural lowering of the
Chippewa River channel and streambank erosion are chiefly responsible
for the heavy sediment load deposited in the Mississippi River at the
mouth of the Chippewa River. Downstream 400 feet from site No. 1l-Low, the
floodplain is restricted to less than 1,200 feet in width as the river
passes through a shallow rock gorge of sandstone at Round Hill. Sand-
stone is exposed on both sides of the river. Sandstone outcrops along
the river in Spring Brook Township approximately 5% miles upstream of
Site No. 3-High. On the basis of well records and geologic interpretation,
sandstone bedrock is expected to underlie the river at a depth of 50 feet

or less in the project area.

Ch Climate. The Chippewa River basin has a temperate climate
characterized by marked seasonal changes. Average monthly tempera-
tures range from 10O F for January in the north to 72o F for July in
the south. The temperature extremes for the State of Wisconsin are
114° F on 13 July 1936 and -54° F for 22 January 1922. The average
growing season is shorter than 100 days in the north and longer than
140 days in the south. In recent years, continuous temperatures below
freezing have been recorded in the vicinity of the study area for

about 60 to 70 days.

Precipitation is abundant in the basin, and periods of drought

occur infrequently. Average annual precipitation for the basin was
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31.2 inches from 1931 to 1960. February is normally the driest month
(about 1 inch), and June is the wettest (about 5 inches). Snowfall
averages about 50 inches annually and is approximately 16 percent of the

average annual precipitation.

Water temperature records for the Chippewa River at Durand, Wiscon-
sin, can be found in the Water Quality Records (1964-65, 1967, 1973 to
current year) published by the U.S. Geological Survey in the Annual
Water Resources Data for Wisconsin. The Chippewa River station is also
a national stream quality accounting station, national pesticide moni-
toring network station, and national radio chemical surveillance sta-
tion. Suspended sediment concentrations are published with the other
water quality data. Mean suspended sediment concentrations for more

than 20 percent of the year are estimated.

Surface wind rose data are available both annually and monthly.
Published data show the percent of time wind blows from each of the
16 major directions. These data are available from climatic maps of
the United States and regional summaries. Wind rose data from Eau
Claire are shown on figure 2. Data on wind extremes are available
from the National Oceanic and Atmospheric Administration for the first
order stations and from the Federal Aviation Administration near

airports.

d. Existing Hydrologic Data. Discharge records are available on

the Chippewa River at Eau Claire for two periods: from November 1902

to March 1909 and from March 1944 to September 1954 (when the station
was discontinued). The records were obtained from a former U.S. Geo-
logical Survey gaging station on the State Highway 37 and 85 bridge,
about 2.8 miles downstream from the mouth of the Eau Claire River.

Daily stage readings are available since June 1967 on the Chippewa River
at Eau Claire, just below the junction of the Eau Claire River. Stream-
flow records have been kept on the Chippewa River upstream from Eau

Claire at Chippewa Falls, Wisconsin, since June 1888 and at
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Figure 2. Wind Rose, Eau Claire, Wisconsin. All weather
surface winds, 1960-1964, based on data by NOAA

Durand since July 1928. The average discharge for the 91 years of
record at the Chippewa Falls station is 5,106 cfs (cubic feet per
second). The recorded maximum discharge is 102,000 cfs (1 September
1941), and the recorded minimum discharge is 22 cfs (2 April 1934).

The average discharge for the 51 years of record at Durand is 7,532 cfs.
The recorded maximum discharge is 123,000 cfs (2 April 1967), and the

recorded minimum discharge is 1,020 cfs (24 November 1950).
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Two major tributaries, the Eau Claire River (drainage area = 881
square miles) and the Red Cedar River (drainage area = 1,870 square
miles) enter the lower Chippewa River at Eau Claire and river mile
26.5, respectively. The gaging station on the Red Cedar River at
Menomonie, Wisconsin (gage drainage area = 1,760 square miles), has a
period of record from 1913 to the present. The average discharge is
1,248 cfs. The recorded maximum discharge is 40,000 cfs (4 April
1934), and the recorded minimum discharge is 21 cfs (9 December 1928).

Streamflow records and characteristics are given in table 1.

On the Mississippi River, the long-term gaging stations closest
to the mouth of the Chippewa River are the Prescott, Wisconsin, station
(river mile 811.4) below lock and dam 2 (river mile 815.2) and the
Winona, Minnesota, station (river mile 725.7) below lock and dam 5A
(river mile 728.8). The Prescott station data include stages from

1891 and discharges from 1928 to the present.

Typical major and minor 3Q-day flood hydrographs are shown on
plate 2 for the Chippewa River at Durand. The peak discharge for the
major flood of 2 April 1967 is 123,000 cfs and represents a 2-percent
exceedence frequency or 50-year flood. The peak discharge for the mino
flood of 2 April 1976 is 62,300 cfs and represents approximately a

20-percent exceedence frequency or 5-year flood.

(1) Flow Duration Data. Flow duration data were computed fo

the 51 years of record (1928-1979) for the Chippewa River at Durand.
Monthly flow duration data were also computed for the 51-year record.
Three monthly flow duration curves were plotted on each sheet and com-
pared to the annual flow duration curve. The flow duration curve shows
the percentage of time that a given flow is exceeded. These flow dura-
tion curves are shown on plates 3 and 4. The monthly flow duration
curves show that the month of highest runoff is April, May is second
highest, June is the third highest, and March is the fourth highest.

August flow duration is the lowest of the year for the period of recorc
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(2) Runoff. The average discharge for the Chippewa River at
Durand for the 51 years of record (1929-1979) is 7,532 cfs and repre-
sents 11.3 inches of average annual runoff. The maximum, minimum, and
average discharges for the mean monthly and annual flows are summarized
in figure 3 for the 51 years of record at Durand. The annual mean flows
(water year and climatic year) and ranking for the period of record at

Durand are summarized in table 2.
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Figure 3. Table of average monthly flows, Chippewa
River at Durand, Wisconsin
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The average discharge for the Red Cedar River at Menomonie for the
67 years of record (1913-1979) is 1,248 cfs and represents 9.6 inches

of average annual runoff.

(3) Flood Frequencies. Discharge records are available on

the Chippewa Riyer at Chippewa Falls since 1888, Eau Claire for a
period of 17 years (1903-1908 and 1944-1954), and Durand since 1929.
The Durand and Chippewa Falls records through 1967 were used to deter-
mine the frequency of discharges at Durand (the project area). In
addition, peak flows for the six missing years at Chippewa Falls were
estimated to give a total of 88 years (1880-1967). These estimates

were made to incorporate the two large floods of 1880 and 1884.

An annual instantaneous peaks frequency curve was derived for
Durand using the 39 years of record at that site (1929-1967) and sta-

tistically correlated to Chippewa Falls recorded and estimated flows.

The log Pearson Type III method with zero skew and Pn adjustment was

used to develop the curve shown on plate 5.

Another frequency curve for Durand was derived for all independent
peaks. The upper part was based on statistical computations from
Chippewa Falls data; the lower portion was plotted using Durand
records adjusted by long records at Chippewa Falls. The independent
peaks frequency curve is also shown on plate 5. Although the Durand
frequency curves are based on records through 1967, they can be con-
sidered current. Updating the curves would not change them

significantly.

e. Existing Channel Conditions. From its confluence with the

Mississippi River to the town of Durand 16 miles up the valley, the
Chippewa River is essentially a braided river with a sinuosity of 1.06.
Sinuosity is the ratio of thalweg (greatest channel depth) length to
the length of the river valley. The main channel is characteristically

broad and shallow and contains shifting sandbars and sand islands.




The average channel width is 700 feet and the average depth is about

3 feet. The bank-full width is approximately 1,000 feet. Channel

slope for this river reach is 1.76 feet per mile. Upstream from Durand
to Eau Claire at river mile 61, the Chippewa River has a meandering
configuration with a sinuousity of 1.49. This reach is characterized
by eroding sand and gravel banks. The channel width is somewhat less
than that below Durand, ayeraging about 6Q0 feet. The channel slope for

this reach is about 1.5 feet per mile.

A geomorphic study of the Chippewa River indicates that erosion of
steep high banks is evident at several locations between Eau Claire and
Durand. These locations include Yellow Bank at river mile 20.5, the
right bank of the Chippewa River near Happy Island at river mile 35.5,
and the left bank of the Lower Elk Creek entering the Chippewa River

near river mile 45.5.

£. Locality, Development, and Occupation. Stiatistics on employ-

ment show that about two-thirds of the workers in the project area found
employment in agriculture, services, and retail trade. Agriculture was

the single largest sector of employment with about 25 percent.

Agriculture remains the predominant industry despite decreasing
employment in this category from 1964 to 1974. Decreasing employment
in agriculture appears to be primarily caused by a shift toward greater
energy-intensive farming practices rather than a lessening of importance

of agriculture in the region.

Population in the project area (Buffalo, Dunn, and Pepin Counties)
was 53,313 in 1975, up 8.8 percent from 1950. About half this gain can
be attributed to the national population increase in the area (i.e.,
birth rates exceeding mortality rates); the remainder resulted from

immigration to the three-county area.

Median family income for the area (about $7,600) for 1969 shows
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families earn typically less than the median family income for Wiscon-

sin ($10,068). These differences may be attributed to the predominance

of agriculture in the area which usually has lower cash incomes associ-

ated with it.

g. Environmental Considerations. The floodplain vegetation of

the Chippewa River is composed primarily of lowland hardwood and is
characterized by species such as silver maple, green ash, elm, box elder,
and willow. Vegetation along the upper bank includes oak, aspen, and
birch with scattered stands of red and white pine along some of the
higher banks. Upland areas adjacent to the Chippewa River are pre-

dominantly agricultural in nature.

Aquatic macrophytes in the study area are scarce because of the
continual water level fluctuations, naturally occurring dark water
color, shifting substrates, and harmful effluents. Sedges (carex sp.)

are the most prevalent emergent aquatic vegetation in the study area.

A wide variety of wildlife may be found along the Chippewa River.
Fauna of the region include 65 species of mammals, 44 species of rep-
tiles and amphibians, and 237 species of birds. Some common species
include white-tailed deer, fox squirrel, cottontail rabbit, muskrat,
raccoon, woodchuck, leopard frog, garter snake, American toad, and
turtle. Numerous passerine birds are common to the floodplain forest.
Waterfowl such as mallards, wood ducks, and blue-winged teal inhabit
the many ponds and marshy areas within the bottomland forest. Walleye,
northern pike, black crappie, and channel catfish are the most abun-
dant sport fish in the project area. Rough fish common to the area

include sculpin, white sucker, northem redhorse, and carp.

The following species are listed as threatened or endangered by
the U.S. Fish and Wildlife Service and could occur along the Chippewa
River: prairie chicken, prairie falcon, peregrine falcon, bald eagle,

Indiana bat, eastern timber wolf, and eastern cougar.




The Chippewa River, like many rivers in the Upper Mississippi
River basin, is a nutrient-rich stream. Water quality degradation is
caused more by agricultural drainage than municipal and industrial dis-
charges. The water quality of the Chippewa River is considered fair

for a warmwater stream.

Because of the localized nature of the anticipated impacts during
construction, no significant adverse impacts on the fish and wildlife

resources are anticipated.

The Chippewa River has potential for inclusion in the National
Wild and Scenic Rivers System. The project was coordinated with appro-
priate State and Federal agencies to minimize the impacts and make the
project more compatible in terms of its wild and scenic river poten-

tial. No negative comments were received from these agencies.

6. Demonstration Site - Test Reach.

a. Hydraulic Characteristics. Three across river sections were sur-

veyed at each of the five sites. Velocity measurements were obtained
in the fall of 1980 just before construction. These velocities ranged
from less than 1 fps to 5.5 fps (feet per second) at discharges which
ranged from 3,690 cfs to 18,100 cfs. Plate 6 shows the velocity dis-
tribution within the channel at the time the measurements were taken
for two typical cross sections. This plate also shows that the banks
have eroded over about a l-year period. Velocity measurements ob-
tained prior to construction are shown in Appendix A. Plate 7 shows
the elevation-discharge relationship at the U.S. Geological Survey
gage near Durand. This curve is based on historic records from the

Geological Survey. Water surface profiles are shown on plate 8.

b. Riverbank Description.

(1) Bank Materials. The major soils of the low banks in-

clude undifferentiated sandy alluvial soils overlain by a shallow
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silty horizon. The high bank is distinguished by a thick sandy sub-
surface horizon with up to 40 inches of silty topsoil. Mechanical
analysis of sand samples taken from the banks in the test reaches indi-
cate that the soils are basically poorly graded fine to medium sands to

poorly graded silty sands. See plates 9-12 for typical gradation curves.

(2) Vegetation. The floodplain area vegetation consists
primarily of lowland hardwoods (silver maple, green ash, elm, box
elder, and willow). The vegetation near the upper banks is mostly
scattered oak, aspen, and birch. Along some of the higher banks are

scattered red and white pines.

IIT. DESIGN AND CONSTRUCTION

7o General. The five sites chosen for erosion control allowed for a
design of 19 different test sections. The materials used for protection
include concrete block, filter fabric, quarried rock fill, Enkamat,
woven wire fencing, sandbags, snow fence, and local trees. Various
placement techniques and configurations of materials make up the scheme
of the demonstration project. Generally, construction will extend from
the top of the bank into the water and along the bottom to a point less
than 50 feet from the waterline at the river mean low-water level to

limit erosion at the toe of the slope.

8. Basis for Design. The methods of protection were designed pri-

marily on three considerations:

a. Use of inexpensive methods which may be applied by local

interests.

b Use of easily obtainable products or products designed for

other applications that could be modified for erosion control.

Cs Methods that have been effective or partially effective in

other areas or other projects.
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Some design configurations were altered so a determination could be

made as to which configuration would be most effective.

Erosion of the banks caused by wind was not considered a major de-
sign factor. The geometry of the banks, and the materials and nature
of the topsoil and ground cover indicate that erosion caused by wind

is minor compared to erosion from river flow.

9. Construction Details. The design plan and sections for the five

sites are shown on plates 13 through 34. Final surveys for these sites
will be taken in spring 1981. Therefore, as-built drawings will not be
included in this report. A brief description of the protection measure

for each site follows.

a. Site No. 1 - Low (five test sections, plates 13-17).

(1) Two sections with a single layer of concrete blocks
filled with sand above the water level. The blocks were placed with
their major axis perpendicular to the shore for half of each section
and parallel to the shore for the remaining half. One section was
underlain with a filter fabric blanket; rock was placed at the toe of

the other section.

(2) Three sections of various configurations of quarry-rum

rock fill.

b. Site No. 2 - Low (seven test sections, plates 18-24).

(1) One section of filter fabric weighted with rock fill at

the top and bottom and rock laid randomly on the slope.

(2) Two sections with different styles of Enkamat soil rein-
forcement matting weighted with rock fill at the top and bottom and

secured to the bank with metal pins.
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(3) Three sections of upright woven wire fencing parallel to
the bank with small trees, brush, and clippings placed landward of the

fence.

(4) One section protected with nonbiodegradable sand-filled

bags.

Ce Site No. 3 - Low (five test sections, plates 25-28).

(1) Two sections of wire and wood snow fencing weighted with
concrete blocks, partially submerged at the toe of the streambank, ly-

ing along the bottom parallel to the bank.

(2) One section with wire and wood snow fencing placed as
above, with addition of upright fencing backfilled with brush along

the streambank.
(3) Two sections with the trunks of large trees cabled to
the bank at various spacings and lying in the river perpendicular to

the bank or angled downstream.

d. Site No. 7 - Low (plates 29-31). Consists of two configura-

tions of short rock-fill wing dams at various spacings.

e. Site No. 3 — High (plates 32-34). Erosion protection con-

sists of varying quantities of rock fill dumped from the top of the
100-foot high bank.

Rock for the protection work was quarried stone with at least 50 per-
cent greater than 25 pounds. The maximum size stone had to fit within
the finished grade lines as shown for the typical sections. The

finished structures presented a reasonably well-graded distribution of

sizes.
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10, Construction Problems. No significant problems were encountered

in construction of the project. Dumping of rock fill over the top of
the bank at Site No. 3 — High had unanticipated results. More than
three-fourths of the rock lodged near the top of the bank during dumping.
Most of the rock was expected to roll or slide to the bottom of the
100-foot high bank immediately. With spring runoff-induced erosion,
more of the rock should make its way to the toe of the bank as origi-
nally intended. At Site No. 2 - Low, wooden stakes used to anchor the
Enkamat pulled out of the bank and floated when placed beneath water.
Metal stakes were fabricated and used to repin the matting. Distance
between rock groins at Site No. 7 — Low was measured from the top of

the bank at time of construction so their locations may vary with regard

to the range lines as shown on the drawings.

No instrumentation was installed other than locations flagged for

measuring velocity and range lines marked for surveying.

Construction activities had some temporary adverse impacts, which
were generally restricted to the immediate project area. Clearing in
the construction areas resulted in a minor loss of some vegetation.
Erosion resulting from construction activities and consequent increases
in the levels of suspended solids in the surface waters temporarily

degraded water quality.

The placement of riprap and the construction of wing dams at
selected demonstration sites resulted in temporary adverse impacts on
shoreline and benthic communities because existing habitat was covered.
However, these construction measures provided new habitat which was
available for colonization by organisms outside of the construction

area.

11. Costs. Costs for the project totaled $423,000. This included
final site selection, preconstruction planning and coordination, project

design, preparation of plans and specifications, project construction,
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and administration and supervision of the comstruction contract.
Construction costs including modifications for the project were
$327,437. With a project length of 9,900 feet, the average cost for
protection was about $33/foot. Costs ranged from $5.40/foot for trees
anchored to the bank (Site No. 3 - Low, Section 5) to $87.70/foot for
concrete blocks with rock fill toe protection (Site No. 1 - Low, Sec-

tion 2). Table 3 summarizes costs for each section of the project.

IV. PERFORMANCE OF PROTECTION

12, Monitoring Program. The sites will be monitored after project con-

struction. Monitoring will consist of gathering survey data, velocity
measurements, and climatological and hydrologic data. Visual observa-
tions will be recorded and a complete photographic record will be made

during site inspections.

Testing of materials in existing banks and of the rock fill is com-
pleted for each finished site and is not scheduled to be retested in
the monitoring plan. The elements of the monitoring program are summar-

ized in table 4.

13. Evaluation of Protection Performance. Because the completed sites

were finished late in fall 1980, very little performance data have been
collected. The prefinal inspection on 5 December 1980 revealed that

an uprooted tree had floated into the bank and had broken and dis-
rupted a small section of concrete blocks in section 1 of Site No. 1 -
Low, At Site No. 2 - Low, ice movement had displaced some of the con-
crete blocks connected to the woven wire fencing in sections 5 and 6.
This minor displacement causes no problems at this time; however, larger
ice flows may distort the wire to which the block is connected. Deer
tracks were seen on the sandbags in section 7 of Site No. 2 - Low, but

the bags had not been damaged.

Because construction on most sites was so recently completed,
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results of revegetation (seeded and native) cannot be evaluated at this

time.

Typical photos taken before, during, and after construction are

shown on plates 35 through 47.

14. Rehabilitation. No major rehabilitation of the project or portions

of the project is planned by the Corps. Because of the demonstration
nature of the project and the strong potential for failure, the local
sponsors (Pepin and Dunn Counties, Wisconsin) will not be required to
reconstruct or maintain any portions of the project which fail during
the monitoring period. They will, however, be required to maintain

and operate the project later on provided that (1) the project has been
deemed by the Government to be structurally and functionally sound for
maintenance and the project is no longer needed for demonstration pur-
poses and (2) the project has been formally turned over to the county

(counties) for operation.

15. Conclusions. An evaluation of the effectiveness of the project is
difficult at this time because most reaches were constructed in fall

1980. Preliminary indications are that:

a. Rock fill and concrete block configurations demonstrated at
Site No. 1 - Low will perform satisfactorily under conditions similar
to the Chippewa River with no or slight modifications from project

designs.

b. Ice effects on filter fabric, Enkamat, and vertical longi-
tudinal wire fencing as demonstrated at Site No. 2 - Low could preclude
their use in areas where ice damage %s a problem. However, Enkamat
sections probably would perform much better if vegetation were established
before ice effects occur. The St. Paul District in cooperation with The
American Enka Company is contemplating reestablishment of Enkamat sections

in early summer 1981. Sand-filled bags could also fail as a result of

G-62-19




ice and weather effects although they withstood the winter of 1980-81

and spring high flows relatively intact.

Co Measures proposed at Site No. 3 —Low will be constructed in
spring 1981. Therefore, no conclusions as to their effectiveness can

be made at this time.

d. Wing dams constructed at Site No. 7 - Low performed well
during the first 6 months after construction and were not affected by
ice. High flows in spring 1981, however, have eroded the banks between
some wing dams. Long-term effectiveness of wing dams and optimal

spacing between them cannot be determined at this time.

e. Dumped rock fill at Site No. 3 - High cannot be evaluated
at this time because of the before-mentioned construction problems. The
site will continue to be monitored to determine whether the rock reaches
the toe as intended and whether the rock is effective in preventing ero-

sion if it reaches the toe.
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Table 1. Streamflow Records and Characteristics, U. S. Geological Survey Gaging Stations

River Total Gage zero Maximum flood data Minimum flow data
miles drainage elevation Date of Gage Date of Average
above area above msl Period of record maximum Discharge height minimum Discharge discharge
Station mouth (sq mi) (1929 adj) From To discharge (cfs) (feet) discharge (cfs) (cfs)
Chippewa River at
Chippewa Falls, (1) (2) (3)
Wisconsin 75.4 5,680 798.46 Jun 1888 Date 1 Sep 1941 102,000 24.8 2 Apr 1934 22 5,106

Chippewa River
at Eau Claire,
Wisconsin 56.8 6,630 750.00 Nov 1902 Mar 1909 2 May 1954 80,000 22.0 18 Dec 1907 190 5,755

Mar 1944 Sep 1954

2 Apr 1967(4) 93,500 22.62
Red Cedar River
at Menomonie,
Wisconsin 1,760 780,00 May 1913 Sep 1979 4 Apr 1934 40,000 16.0 9 Dec 1928 21 1,248
Chippewa River
at Durand, (5)
Wisconsin 17.4 9,010 694.59 Jul 1928 Date 2 Apr 1967 123,000 16.93 24 Nov 1950 1,020 75932

(1) Revised USGS figure confirmed in 23 July 1963 letter from USGS.

(2) Prior to January 1914, nonrecording gage, and January 1914 to 19 June 1932, water stage recorded at site 1 mile upstream at different datum,
19 June 1932 to present, water stage recorded at present site and datum.

(3) Maximum stage known, 26.94 feet, 10 September 1884.

(4) Not operated as regular station, data observed at request of Corps of Engineers.

(5) Maximum stage known, 18.4 feet, 12 September 1884.




Table 2. Annual Mean Flows, Chippewa River at Durand
(Station Number 05369500)

Average Average
Climatic annual dis- Water annual dis-
year(l) charge (cfs) Ranking year(Z) charge (cfs) Ranking
1930 6620,00 18 1929 8550,0 19
193¢ 4B60,00 6 1930 5500,0 al
1932 5410,00 10 1931 3990,0 S1
1933 4R10,00 S 1932 6180,0 39
1934 4240,00 2 1933 4790,0 u4é
1935 7040,00 26 1934 403%0,0 50
1936 7940,00 32 1935 B660,0 17
1937 bUb60,00 17 1936 8100,0 el
1938 S660,00 12 1937 4970,0 43
1939 12R00,00 50 1938 10400,0 S
1940 7580,00 28 1939 10800,0 4
1941 6930,00 23 1940 6270,0 36
1942 10000,00 a3 1941 76890,0 24
1943 9960,00 ue 1942 11600,0 1
1944 10400,00 q4 1943 10900,0 3
1945 7980,00 33 1944 7400,0 30
1946 9360,00 41 1945 8590,0 18
1947 900,00 22 1946 7450,0 29
1948 6680 ,00 20 1947 7630,0 28
1949 3720,00 1 1948 4510,0 47
1550 $250,008 9 1949 4470,0 48
1951 6660,00 19 1950 7360,0 31
{952 11000,00 47 1951 8910,0 14
1953 8290,00 35 1952 Q460,0 6
1954 700,00 2! 1953 7200,0 33
1955 10900,00 us 1954 9280,0 7
1956 6270,00 15 19SS 7710,0 27
1957 6210,00 14 1956 44un,0 35
1958 4750,00 4 1957 6820,0 4s
1959 S480,00 11 1958 5460,0 42
1960 T660,00 30 1959 6220,0 38
1961 8u20,00 36 1960 8790,0 16.
1962 A030,00 13 1961 6680,0 34
1963 7580,00 29 1962 721940 32
1964 400,00 3 1963 5790,0 40
1965 5050,00 7 1964 44u0,0 49
1966 104§00,00 4s 1965 8260,0 20
1967 6330,00 16 1966 T7790,0 26
1968 8190,00 34 1967 9110,0 10
1969 11800,00 49 1968 9140,0 9
1970 6980,00 25 1969 9030,0 11
1971 7730,00 31 1970 6230,0 37
1972 8500,00 37 1971 8820,0 1S
1973 11200,00 u8 1972 8990,0 12
1974 8q70,00 39 1973 11500,0 2
1978 7380,00 2 1974 B010,0 22
1976 9350,00 49 1975 7850,90 25
1977 5180,00 8 1976 7970,0 e’
1978 6960,00 24 1977 UBAh0,0 aa
1979 8670,00 38 1978 8940,0 13

1979 9160,0 8

(1) In year ending 31 March.
(2) In year ending 30 September.
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Table 3.

Annual Mean Flows and Ranking

SITE 1 LOW

SEC. 1
SEC. 2
SEC. 3
SEC. 4
SEC. 5

CONCRETE BLOCK OVER FILTER FABRIC

COMCRETE BLOCK WITH ROCK FILL AT TOL

ROCK FILL, EXISTING GRADE

ROCK FILL, CUT AND FILL TO GRADCL

ROCK FILL YO THICKNESS OM EXISTING GRADE

COST
/LINEAR FT,

$ 55.60
$87.70
$43.20
$ 45.00
$40.10

SITE 7 LOW (sec.1 & sEC.2)

$32,900 TOTAL COST
37 WING DAMS

$890
»n» WING DAM

14.40
3 /LINEAR FT.

SEC.
SEC.
SEC.

SEC.

SEC.

SEC.

SEC.

SITE 2 LOW

COSsT
LINEAR FT.

FILTER FABRIC WITH ROCK ANCHORING
EMKAMAT 7010
ENKAMAT 7020

VERTICAL FENCE AT SHORELINE WITH BRUSH
BACKFILL

VERTICAL FENCE 3 FT RIVERWARD OF SMORELING
AND FENCE WIDTH PARALLEL TO SHORELINE AT

FENCE BASE

VERTICAL FENCE AT SHORELINE AND FENCE WIDTH
PARALLEL TO SHORELINE AT FENCE BASE

SANDBAGS

SITE 3 HIGH

$ 45.40
$68.80
$76.80

$34.40

$39.40

$33.40

$48.40

DUMPED ROCK FILL OVER wee 857,80
i LINEAR FT.

SEC.
SEC.
SEC.
SEC.

SEC.

SITE 3 LOW

COST
/LINEAR FT.

FENCE WIDTHS PARALLEL TO SHORELINE BROKEN
TO FIY FLUSH WITH EXISTING GRADE

FENCE WIDTHS PARALLEL TO SHORELINK

VERTICAL FENCE BRUSH BACKFILL, PARALLEL

FENCE WIDTH AT VERTICAL FENCE BASE

CABLE ANCHORED TRELS AT ANGLE YO SHORELINE

CABLE ANCMORED TREES PERPENDICULAR TO

SHORELINE

$15.10
$15.10
$11.80
$ 8.80
$ 5.40




Table 4. Monitoring Program - Chippewa River

Item

Frequency

Surveys - along all range lines

Velocity measurements - taken by
USGS

Visual observations

Photography - complete photographic
record taken from same location to
allow comparison

Materials testing - mechanical
analysis run on existing bank
conditions

- mechanical
analysis to ensure rock fill
meets specifications

Climatological and hydrologic data

Prior to construction, after con-
struction, at completion of the
5-year monitoring and when sig-
nificant changes are noted during
field inspections.

Prior to construction and as
determined necessary.

Semiannually or as necessary
during and/or after large flow
conditions.

Semiannually or as necessary
during and/or after large flow
conditions.

Taken prior to placement of
protection.

Five tests taken during
construction.

Prior to construction and during
the project monitoring.
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PHOTO 1. SITE NO. 3 - HIGH, LOOKING UPSTREAM, BANK
ABOUT 100 FEET HIGH, 30 OCTOBER 1980.

—.

PHOTO 2. SITENO. 2 - LOW, DOWNSTREAM SUBREACH,
DOWNSTREAM TO RIGHT, BANK ABOUT 7 FEET
HIGH, 25 SEPTEMBER 1980.

PHOTOS 1 AND 2
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N 701.5', confinue cuf 1o fop of bank. Where height of L
| 694 bonk is lower than 7013 end rock at top of bank EXISTING GROUNDLINE / OF *
=~ 2 Cut material shall be used 1o fill low areas 1o REPOSE
=t prepars 0 smooth slope for plocemant of rockfill
it
FILL AREA o |
692" i
TYPICAL SECTION 4
690" L 4 1 1 1 1 1% L . s . .
q 6 8 10° 12" 4 18" 18" 20' 22' 24 2¢’ 28 30 32 34 36 38

SITE 1 LOW
SECTION 4

-5
~
>
—
m
D




L1 31Vd

704 T T T T T T T T T
7oz'r_____,——~—-———-—'——+—————__<\ B
700"
MIN. 18" THICK ROCK FILL
MIN. 24" THICK ROCK FILL
698’ 4 7
EYATION 6964° |
696"
¥
(o))
T
B~ 694' i
N
EXISTING GROUNDLINE
e ANGLE OF
> REPOSE
TYPICAL SECTION S
690" 1 | 1 1 -1 L L N
o' 2' q 6' 8 10' 12' 14' 3 8' 20' 22 24 34 36 38 40 42

SITE 1 LOW
SECTION 5




CEE
27" 10 4" MAPLE

o

NORT M
TO FENMCE LINE

NOTE:L VERTICAL CONTROL WiLL BE
SUPPLIED TO CONTRACTOR.
2. REAL ESTATE MAPS GIVING
WORK LIMITS AND ACCESS WILL
BE PROVIDED TO CONTRACTOR

55 2

SITE2 LOW
PLAN

G-62-43

PLATE 18
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708!

e T X |
N ROCK FILL, 6"MAX

704" {42

EL. 702.5' XN IS5 TO 30 POUND ROCK PLACED RANDOMLY
001" - ON SLOPE BELOW EL. 703.0. CENTER ON
}-l-l CENTER SPACINGS NOT TO EXCEED 4'

700’
CONTROL ELEVATION 69491

e {

ese’ 4
S FILTER FABRIC BLANKET
1
~
~

696' i Fad |

EXISTING GROUNDLINE
| ROCK FILL, '3 CY./7LF
694’
TYPICAL :
SECTION | 15' - e

692" [_. = -

o
&

SITE 2 LOW
SECTION 1




G%-29-D

o
-
>
=3
m
N
o

T R — R e
TOP OF EXISTING BANK
|
BACKFILL WITH EXCAVATED MATERIAL
706} | i
. I' BACK FROM
TOP OF BANK

"\

704 Y :
i ENKAMAT 7020 TO BE USED IN SECTION 3
ENKAMAT 7010 TO BE USED IN SECTION 2
702'}+ ANCHOR TRENCH ol
700/ \
\.\ CONTROL ELEVATION 699
\\
698’} \ 4
696’
694’1
TYPICAL

] SECTION 283
692'—— —t
690" - 1' ; l' . 1 ; ; A 1 L 1 1

0 2 4 6 ) 10 12 4 16 18' 20’ 22' 24 26' 28’ 30' 32' 34’

SITE 2 LOW
SECTIONS 2 AND 3




i¢ 31vd

108" - - - - - . - = - —_— 706’
Bl LAY Rt SEE NOTE 4
704'f N 4 704’
6' STEEL FENCE
POST N\ WOVEN WIRE FENCING
(SEE NOTE 9)
702" 7 702'
700} 4 700
BRUSH, SMALL TREES AND CONTROL | ELEVATION 6992
CLIPPINGS, MAXIMUN STEM
DIAMETER 6". BRANCHES
LARGER THAN 2 !/ wiL A . R L r e R e
698 BE TRIMMED AND PLACED 5o
FIRST.
(] \
1 Y,
o)) " 4 696
o 696} % v
| I0' STEEL PIPE OR FENCE POST e
g INSTALLED AT SHORELINE AS SHOWN
N
s
694" - 5 i 694
gl
/‘ e
\\
TYPICAL o "= 6
L S s 92'
" SECTION 4 EXISTING GROUNDLINE R,
\\
SEE NOTES 2 8 3 e
% )
69 ' 1 1 1 1 1 1 1 - 1 - .;. . 690
o' 2' 4 6 8’ 10' 12! "' 16’ 8’ 20' 22 24' 26' 2¢' 30 32 34

SITE 2 LOW
SECTION 4




706 T T T T T T T T - T 706’
N e ‘ SEE NOTE 4
704’} ™~ 'zg 4 704’
\{¥ //‘4
6' STEEL FENCE {
POST N X \7
702 SEE NOTE 5) X H\ = _ 105"
WOVEN WIRE FENCING
700 BRUSH, SMALL TREES 1 700
AND CLIPPINGS, MAXIMUM CONTROL | ELEVATION 6993
STEM DIAMETER 2 !p°
CONCRETE BLOCK WIRED TO FABRIC

698’ E— 698"’
¥
o) 10' STEEL PIPE OR ~+—
'T’ e96'l- FENCE POST INSTALLED — 7 L 4 698’
~ 3' RIVERWARD OF ' 7 S
~i SHORELINE SHOWN # e

EXISTING GROUNDLINE s S
694’ —_ —_— —_— 694"’
TYPICAL %
692} SEE NOTES 2,384 4 e92'
SECTION S
690" 1 1 1 Iy 1 1 o Vs 1 690"
o 2 4 €' e o' 12 "' %' w' 20' 22' 24' 26’ 28’ 30' 32' 34

SITE 2 LOW
SECTION 5

0
—
>
9
m
n
N
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€¢ 31vd

7086’

704’

702"

700’

698’

696’

694’

692"

690"

y—— ee— T T ] T T T T 708’
SEE NOTE 4
L — — a .
L u - 704
S X B
-
S = —— 702"
6' STEEL FENCE POST ! WOVEN WIRE
(SEE NOTE 3) 5™ BRUSH, SMALL TREES AND s FENCING
CLIPPINGS, MAXIMUM STEM o 4700
P 4 DIAMETER 2 7, . CONTROL |ELEVATION 699.6
CONCRETE BLOCK WIRED TO FABRIC
o 698’
s , 4 698’
10' STEEL PIPE OR FENCE POST
INSTALLED AT SHORELINE — ¢~ S~
- \
—_— 694’
o e ——i— o
L TYPICAL EXISTING GROUNDLINE
- 692"
SECTION 6
SEE NOTES 283
1 1 1 1 1 1 1 1 690"
o' 4 q' 6 g 10 12' 19" 8’ 8’ 20 22' 24 26’ 28’ 30' 32' 34

SITE 2 LOW
SECTION 6




706" T T T — Y T Y T 706"
NOTE: GRADE WHERE NECESSARY TO INSURE A SLOPE NO
) GREATER THAN IV ON IH.
5 -y LN & EL.704.0 _
704' F— —— - 704
N
SANDBAGS
702" - — - 702"
700" | ___CONTROL |ELEVATION 6998 - 700’
= 1 BAGS BELOW WATER SURFACE AT TIME PLACE-
698" =% MENT SHALL BE TIED SHUT AND QUANTITY —— 1 698’
AN RATE OF APPLICATION SHALL INCREASE TO

o BAGS ABOVE WATER SURFACE AT TIME OF X 150% OF THATUSEDSALONGHURPER \SLORE.
1 ) PLACEMENT SHALL BE SHINGLED AGAINST |
o)} A 2= CURRENT AS SHOWN !
N 696’ | 4 696
|
o = A J | 4——
e OPEN FLAPS EXISTING GROUNDLINE

694" - — . SR 12— 694"

— )8t ———
TYPICAL
692" |- - 692’
SECTION 7
690" 1 A = 1 1 1 1 1 690"
o' 2' 4 3 8' 10' 12 14 16’ 18 20' 22' 24 26' 28' 30' 32 34

SITE 2 LOW
SECTION 7
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Yp" WON MIPE FLUSH wiTH GROUND

RAN

GE  3L-4

TYPICAL

¥
SECTION 2

R 3L-6

300"

RANGE 3L -7

10N \3

3

R
Ly

7\ e
> SEE LYPICAL

R
s
/ o t
W
ol b
~
g [
’z
3
- 35 <
P n
CEH R
Wb i MSpace S
-a .
20— ., (&)
& 2R

pASE b

(SEE ENLARGED PLAN
SECTION 5)

e s t0

QUADRUPLE 10" YELLOW BACH
(BIRCH ALSO COMTAINS 332C-!
s J#IKE 10" ABOVE GROUMD'

Tantw

s 1o -‘———!
" veLow Ne ¢
Binch g

NOTE: |. CONTROL ELEVATIONS GIVEN ON EACH SECTION ARE WS
ELEVATIONS AT TIME OF SURVEYS. CONSTRUCTION
SHALL BE CONTROLLED BY GIVEN ELEVATIONS AND
SHALL BE INDEPENDENT OF W.S. AT TIME OF
CONSTRUCTION.

PLAN
BT T Y
"=2100'

SITE 3 LOW
PLAN

PLATE 25

G-62-50




708" - T - T - ~— 708’
RANDOMLY BROKEN TO FIT FLUSH AGAINST GROUND
\
| 1
702F ‘ BISECTS FENCE AT EL. 6999 - 702!
|
} CONTROL ELEVATION 6995
21% CONCRETE BLOCKS WIRED TO ENDS OF
FENCE
698/ 698’
S — o
I e e
S 3.7}
cod 4' WIRE & WOOD SNOWFENCE 1 s9a
8 STEEL FENCE POSTS EXISTING GROUNDLINE
|
ssgl TYPICAL ’L €90
SECTION | |
686 - ~ - — (113
o' 4 L3 1z 18 20' 24 29’ 32
708’ ——T ¥ T r - 708'
Fa ey
\ CONTROL_ELEVATION .
\ BISECTS FENCE AT EL.699.8
702' | I‘z 4 702
2 ! CONTROL ELEVATION 699.8
ZF CONCRETE BLOCKS WIRED TO ENDS OF
F
698" ENCES 5!
3 s o S
vy
694" L 4' WIRE & WOOD SNOWFENCE 3  e94'
EXISTING GROUNDLINE
6' STEEL FENCE POSTS
esor | TYPICAL 2o
SECTION 2
6ae' . L - — cae’
o' 4 () 2 18 20' 24 28’ 32'
708’ T T ‘|' T l’ % 708’
}"—\ /GACKF!LL WITH BRUSH TO TOP OF FENCE
\ Dl (MAXIMUM DIAMETER |%", MINIMUM LENGTH 3"
702' | BN \ \\’ Y 4 702’
‘V
iy \ CONTROL _ELEVATION 6938
= T
™ 4' WIRE AND WOOD SNOWFENCE
698’ i ' 698
4' l
L A w CONCRETE BLOCKS, WIRED TO END
FEN
694' | \ \ O NCE -4 694
/ i
8' STEEL FENCE POST S — ==
\ - H
TYPICAL . v .
690" |~ 690
SECTION 3 l
EXISTING GROUNDLINE °
s.“ I * 1IC 1 |. A n "‘a
o' 4' a' 12' 3 20' 24 28 32

SITE 3 LOW
SECTIONS 1, 2, AND 3

PLATE 26
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706’ v / T ( r ‘ 706’
:3*--\ TRUNK OF TREE 70 BE PLACED
™N AT OR BELOW CONTROL ELEVATION
702' l 4 702'
STEEL |
CABLE TO CONTROL ELEVATION 6997
DEADMAN
698’ | _ON_SHORE i
694" |- - -1 694’
_—
\\
TYPICAL =
1 e '
%9 "secTION 4 L e
EXISTING GROUNDLINE s
~—
sse’ s ~ : [ ! s8e'
o' 4 g 2 e’ 20 2¢' 2g' 32"
CHIPPEWA RIVER
b Y8 V
\\‘9' ///
%é
A'/ s
{\s'rsu CABLES\T.>
DEADMAN ON SHORE
ENLARGED PLAN OF SECTION 4
NO SCALE
SITE 3 LOW
SECTION 4
PLATE 27
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706" Y v - — . — 706"
. |
r—\\ STEEL CABLE TO \ ’/ B \/
EADMAN ON SHOREW AL LY \ o Y
| / |
702'+ [ [/ \{ /// 4 702’
N /
CONTROL ELEVATION 6997
‘f /
698’ 1 698’
r

AT CONTROL ELEVATION \_
694'f
esol. TYPICAL
SECTION 5
sae 1, A L.
0 4 8 12

TREE TRUNK PLACED s

694’

690’

J35°-45°

/<STEEL CABLES TO,

DEADMAN ON SHORE”

ENLARGED PLAN OF SECTION 5

35'- a8’

NO SCALE

SITE 3 LOW
SECTION 5

G-62-53

PLATE 28
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ELEVATIONS

" GIVEN ON EACH SECTION ARE

WS. ELEVATIONS AT TIME OF
SURVEYS. CONSTRUCTION WL
BE CONTROLLED BY GIVEN
ELEVATIONS AND wiLL BE
INDEPENDENT OF W.S. AT TIME
OF CONSTRUCTION.

LACH SPACE WARMS 8V
AN WCREMENT OF 4

SITE7 LOW
PLAN

SCE ENCARGED PLAN
vikw FOR DETARS




T

12' WHERE U.S SPACING IS LESS THAN 62’
I8' WHERE US SPACING IS GREATER THAN e2'
OR EQUAL TO 62'

G6=79-9

AND FILLED TO FACILITATE

0€ 31Vvd

TYPICAL PLAN
SECTION 2




9G6-79-9

L€ 3LVd

724’

722'

720

718’

714’

n2'

710"

108

-~ SHOREL INE

3

TYPICAL PLAN - SECTION

i

=

T T T —= = T

- E
ROCK FILL
L\ 2
@
CONTROL _ELEVATION 7154 |
i -
SECTION 1I-A
1 i 1 | 1 1
o' ? q ¢ 8 ”' w 18’ e’ 20' 22' 24' 2¢' 28’ 30'

TYPICAL PLAN
SECTION 1




i/2 - CN./L.F:
ACTUAL CONST.

-
/
/
/
4e
C, NTO*W
\is‘s z‘,‘s"ro
16 @t ._::{
z"/: &
Ne,w AN
17.8' TO 12"0AK —PL
R T '
100'80 60 4020 0 100
o, 1" =100’

28CY./ F

' ACTUAL CONST.

= fY--. N43°E
E '_,""—IS 3’ T0 4" BIRCH
s
N30°w O o
256'T0 1 OF 6 3"marLES ..,

S 208.0' 70 6" BOX ELDER

(<)
.
“«

SITE 3 HIGH
PLAN

PLATE 32
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86-¢9-D

€€ 31Vvd

TOP OF BLUFF AT
APPROXIMATELY ELEVATION
| e i i Ve e
/
/
/
P
/
— S_K <
v3z) “ /\\ 732"
padd EXISTING GROUNDLINE
-
DUMPED ROCK FILL //
730’ Y3 CY/LINEAL FOOT o~ 730
728" - 728’
CONTROL ELEVATION 727.4 TYPICAL
l UPSTREAM
126’ S D SECTION 726"
724" A 1 ‘s A 1 1 1 A 1 i ' i ' Il ' i 1 1 A 724"
36’ 34’ 32 30 28’ 26’ 24 22' 20' 18’ 16 14' 2’ 10' e 6 4 2 o'

SITE 3 HIGH

UPSTREAM SECTION




65-¢9-D

€ 31Vd

T T ;5 T T T T I i T l T
TOP Of BLUFF AT s — T =
APPROXIMATELY ELEVATION
F——— b/
no‘r / 4730
726 - ‘\ EXISTING 128°
DUMPED ROCK FILL £ “~GROUNDLINE
2.5 CY./LINEAL FOOT 5] ;
CONTROL ELEVATION 726.3" ‘g" ﬁi fi %
726} @ SRS R 7 4726'
724" 5 724’
TYPICAL
DOWNSTREAM
221 SECTION 7%
1 1 1 I 1 1 1 . 1 i = i I i 8 I 720
L 36 34 32 30 28" 26’ 24’ 22’ 20" 8’ 16 7] 12 10 [} 6 4 2 0

NOTE:

I.QUANTITY OF DUMPED ROCK FILL TO BE LINEALLY

TRANSITIONED BETWEEN UPSTREAM AND DOWNSTREAM

END

SITE 3 HIGH
DOWNSTREAM SECTION
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S€ 31vd

MOT } 3LIS

PHOTO 3

PHOTO 3. SECTION 1 LOOKING DOWNSTREAM BEFORE
CONSTRUCTION. 27 AUGUST 1980.

PHOTO 4. SECTION 1 LOOKING UPSTREAM AFTER
CONSTRUCTION. 17 NOVEMBER 1980.

PHOTO 5. SECTION 2 LOOKING UPSTREAM DURING
CONSTRUCTION.

PHOTO 5§




: 2 $ :
PHOTO 6. SECTION 4 LOOKING UPSTREAM BEFORE CONSTRUCTION.
27 AUGUST 1980.

f’y = T R B, : . 4% |

PHOTO 7. SECTION 4 LOOKING UPSTREAM AFTER CONSTRUCTION.
17 NOVEMBER 1980.

SITE 1 LOW

PLATE 36

G-62-61



PHOTO 8. SECTION 5 LOOKING DOWNSTREAM BEFORE
CONSTRUCTION. 27 AUGUST 1980.

PHOTO9. SECTION5LOOKING DOWNSTREAMAFTER CONSTRUCTION.
17 NOVEMBER 1980.

SITE 1 LOW

PLATE 37

G-62-62
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IN3JWI3IS WYIHLSNMOA

MO71 ¢ 3LIS

PHOTO 10. SECTION 1 LOOKING DOWNSTREAM BEFORE
CONSTRUCTION. 27 AUGUST 1980.

PHOTO 11. SECTION 1 LOOKING DOWNSTREAM DURING
CONSTRUCTION. 17 NOVEMBER 1980.

PHOTO 12. SECTION 1 LOOKING DOWNSTREAM AFTER
CONSTRUCTION. 5 DECEMBER 1980.
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MOT¢ 3LIS

IFER
PHOTO

13

PHOTO 13. SECTION 3 LOOKING DOWNSTREAM BEFORE
CONSTRUCTION. 27 AUGUST 1980.

PHOTO 14. SECTION 3 LOOKING DOWNSTREAM DURING
CONSTRUCTION. 177 NOVEMBER 1980.

PHOTO 15. SECTION 3 LOOKING DOWNSTREAM AFTER
CONSTRUCTION. 5 DECEMBER 1980.

PHOTO 14

PHOTO 15
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INJNO3S WY3HLSdN

MOT¢ 3LIS

PHOTO 16

PHOTO 16. SECTION 4 LOOKING UPSTREAM BEFORE
CONSTRUCTION. 27 AUGUST 1980.

PHOTO 17. SECTION 4 LOOKING UPSTREAM DURING
CONSTRUCTION. 17 NOVEMBER 1980.

PHOTO 18. SECTION 4 LOOKING UPSTREAM AFTER
CONSTRUCTION. 5 DECEMBER 1980.

PHOTO 18
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INJWI3IS WV3HLSdN

MOT ¢ 3LIS

PHOTO 19

PHOTO 19. SECTION 6 LOOKING UPSTREAM BEFORE
CONSTRUCTION. 27 AUGUST 1980.

PHOTO 20. SECTION 6 LOOKING UPSTREAM DURING
CONSTRUCTION. 17 NOVEMBER 1980.

PHOTO 21. SECTION 6 LOOKING UPSTREAM AFTER
CONSTRUCTION. 5 DECEMBER 1980.

PHOTO 20
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PHOTO 22

PHOTO 22. SECTION 7 LOOKING DOWNSTREAM BEFORE
CONSTRUCTION. 27 AUGUST 1980.

PHOTO 23. SECTION 7 LOOKING DOWNSTREAM DURING
CONSTRUCTION. 17 NOVEMBER 1980.

PHOTO 24. SECTION 7 LOOKING DOWNSTREAM AFTER
CONSTRUCTION. 5 DECEMBER 1980.

i !
PHOTO 23

PHOTO 24
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vy 31Vvd

MOTZ3LIS

o s

PHOTO 26

PHOTO 26. SECTION 1 LOOKING DOWNSTREAM BEFORE
CONSTRUCTION. 27 AUGUST 1980.

PHOTO 27. SECTION 1 LOOKING DOWNSTREAM DURING
CONSTRUCTION. 177 NOVEMBER 1980.

PHOTO 28. SECTION 1 LOOKING DOWNSTREAM AFTER
CONSTRUCTION. 5 DECEMBER 1980.

PHOTO 27

-

PHOTO 28
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MOTZ3LIS

PHOTO 29. SECTION 2 LOOKING DOWNSTREAM BEFORE
CONSTRUCTION. 27 AUGUST 1980.

PHOTO 30. SECTION 2 LOOKING DOWNSTREAM DURING
CONSTRUCTION. 17 NOVEMBER 1980.

PHOTO 31. SECTION 2 LOOKING DOWNSTREAM AFTER
CONSTRUCTION. 5 DECEMBER 1980.

PHOTO 30
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PHOTO 32.

&

24 NOVEMBER 1980.
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PHOTO 33. LOOKING DOWNSTREAM BEFORE CONSTRUCTION.
27 AUGUST 1980.
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