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1. Background and Project Statement

Stream channel migration and associated sedimentation problems are the
consequence of the dynamic adjustment of a stream's flow in an attempt to
approach an equilibrium condition. Given an erodible land and a specified input
of water, the flow will gradually form a channel through erosion and deposition
while carrying some sediment downstream. In this land form evolution process,
even for a constant discharge, the channel will gradually grow and migrate
trying to establish a dynamic equilibrium condition. This equilibrium condition
corresponds to a minimum energy expenditure for the given flow. For most
natural streams, the normal equilibrium channel pattern is meandering in form.
Straight channel is a rare equilibrium condition which exists only for exceptional
cases. This phenomenon is similar to the pattern of a rope held between two
hands. The rope is straight only when it is subject to considerable tension
(Langbein and Leopold, 1966). The channel of a dynamic equilibrium stream is
not stationary with time. Sediment eroded and transported downstream cannot
return upstream by the flow. For a dynamic equilibrium stream, the channel’s
meandering pattern repeats itself in cycles over a long period of time. Under the
ideal equilibrium conditions, for a constant discharge, the meandering loop will '
migrate downstream with continually time-changing loop geometry. Given a
long period in a time scale of decades or centuries, the meandering pattern will
repeat itself in a periodic manner (Figure 1-1). Although a natural condition is
more heterogeneous and complicated than ideal equilibrium, the repetitive
migration of meandering loops has been observed in the field (Brice, 1974).

Any natural or human induced changes in the flow or land conditions
(including farming practice and channel straightening) will cause the channel to
try to readjust itself to approach a new equilibrium condition. Theoretically, it
will take an infinitely long time for the flow to achieve the new equilibrium;
although, in fact, a majority of the changes will be accomplished in a shorter time
span of decades, years, or even months. Thus, it is clear that any change in land
use or in channel geometry will change the sediment transport conditions in the
channel, and the channel morphology downstream will be altered.

Moreover, seasonal variation of runoff due to individual time-varying
rainfall events causes the channel to continually adjust itself in an attempt to
approach a new equilibrium that can never be achieved. In other words, the
natural fluvial process is a dynamic process resulting in an ever changing
geomorphology. Any built structure in the channel, including bridges and
culverts, acts as an obstacle to the natural migration. Conversely, migration of
the channel could seriously affect the bridge. For such cases, the protection
measures should be upstream of the bridge to stabilize the approaching channel,
not locally at the bridge.

The conventional concept of stream erosion protection, including that for
bridges, is to protect and stabilize the channel preventing it from any migration.
This channelization approach, in fact, is to restrict a naturally migrating dynamic
channel into an artificially stationary static channel. With today's technology this
is an achievable but expensive approach. This approach is unlikely to have




effective low cost, long-term alternatives if one looks beyond a few years of time
span.

An alternative concept is to stabilize and protect only the portion of the
channel near, particularly just upstream of the bridge, while allowing the stream
to exercise its wishes further upstream and downstream. Essentially, this
approach makes the bridge a control point of the stream pattern migration. This
approach may offer relatively less costly mitigation and protection but it
definitely requires more careful design and execution, which in turn, are highly
site specific.

Through the years, many channel mitigation and bank protection
techniques have been developed in the United States, ranging from spur dikes,
revetments, to bio growth on banks. Descriptions of most of these techniques can
be found in the literature. A summary by Lagasse et al. (1997) on most
techniques compiled in a project for FHWA is reproduced here as Table 1-1
which contains a good list of references. As mentioned by Brice and Blodgett
(1978) and many others, applicability of these techniques depends on the stream
characteristics. They show a good classification figure of stream properties
affecting channel stabilization, and it is reproduced here as Figure 1-2. Table 1-2
lists major stream characteristics relevant to channel migration and bank erosion.
summarized by Brice and Blodgett (1978). Most of the techniques listed in Table
1-1 are relatively high cost and unsuitable for some small streams.

Ilinois, like elsewhere, has many bridges under the threat of channel
migration. Low cost and low maintenance counter measures are sought to
protect the bridges over small streams. These low-cost techniques can be
classified into five groups according to their common physical characteristics.
However, application of these techniques is site-specific because each stream has
it own geomorphologic and hydrologic characteristics. Without proper
consideration of these characteristics from a holistic viewpoint, many attempts to
address these problems have fallen short of success; some techniques, such as
channelization, are now known to greatly upset stream equilibrium, worsening
the situation.

The objectives of this study are: (1) to review the various channel
migration control techniques in the literature, (2) to select representative sites for
which the applicability of the techniques can be studied, (3) recommend
application of appropriate techniques for the selected site which could provide
low-cost channel stabilization, and (4) recommend monitoring procedures for
IDOT to evaluate performance.
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VD HENT Equiwidth Wider at bends Random variation
OF BARS ﬂ -\ @
Narrow point bars Wide point bars Irreguiar point and lateral bars
APPARENT R
INCISION -
Not incised Probably incised
CUT BANKS Rare Locai General
BANK Coherent Non-coherent
ERIAL Resistant bedrock Sty san
AT Non-resistant bedrock gravel;
Auvium cobble; boulder
TSEEngzgR <50 percent of bankline 50-90 percent »90 percent

Figure 1

2. Stream properties for classification and stability assessment (Brice et al. 1978)
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2. Literature Review

Introduction

Existing stream bank protection literature is extensive, encompassing soil
mechanics, hydraulics, hydrology, agriculture, and geomorphology. The
literature is in the form of government agency reports, university studies,
pamphlets, design sketches, journals, papers, and books; the scope of the works
ranges from general "how to" stream bank protection manuals to detailed
construction plans for stream bank protection projects.

As part of the Stream Bank Erosion Control Evaluation and
Demonstration Act of 1974, the U.S. Army Corps of Engineers (1981) published
the results of a study which examined the extent of stream bank erosion on
navigable rivers, new stream bank protection techniques, and the causes of
stream bank erosion. The study also included bank protection demonstration
projects on larger rivers where bank erosion was problematic.

The resulting literature survey (U.S. Army Corps of Engineers, published
1981, conducted 1974-76) provided a preliminary investigation of the mechanics
of stream bank erosion and a comprehensive evaluation of existing stream bank
protection methods in use prior to its publication. The stream bank protection
methods examined were traditional approaches such as stone riprap revetment,
concrete mattresses, kellner jack fields, gabions, and vegetation; such methods
are usually not cost-effective on smaller rivers and streams. The report detailed
the advantages and disadvantages of these and other stream bank protection
methods, providing photographs and diagrams of stream bank protection
designs. Most of the bank protection methods examined in that study (tire
revetments, jack fields, and paved banks, for example) have since become
obsolete as modern stream management practices seek to become more
environmentally friendly and aesthetic. However, where relevant, information
from this literature search has been included in the related sections of this report.

A U.S. Army Corps of Engineers booklet (Keown, 1983), resulting from the
same study and intended for landowners and government agencies, provided a
useful summary of stream bank migration mechanics and possible solutions to
these problems. The bank protection methods described in this pamphlet are
primarily for larger rivers, but the context and causes of stream bank erosion
problems are presented effectively.

Under the support of the Federal Highway Administrationm a large
amount of works has been done on channel migration and bank erosion for the
purpose of bridge protection. These studies have been reported in the references
quoted in Table 1-1, most noticeably FFINA HEC-11, 18, 20 and 23.

Hemphill and Bramley (1989) provide a more modern approach to stream
bank stabilization. The book outlines a recommended design procedure of bank
protection works and discusses the relative merits of various bank protection
methods. The stream bank protection methods discussed in this book, ranging
from riprap revetments to vegetation, reflect the state of modern stream bank
protection work in Europe. A comparable authoritative reference describing




modern, more “environmental" stream bank protection methods in the United
States was not found.

The following literature review concentrates on the five groups of
techniques that can be regarded as realatively low cost and to some degree
applicable to relatively small streams for mitigation of channel and bank
protection. '

Riprap Revetment

Riprap cover, the most traditional method of stream bank protection, has
been extensively documented. Standard use of riprap in the United States is
effectively described and summarized in the United States Army Corps of
Engineers report (1981). Some advantages and disadvantages of riprap are
highlighted in Table 2-1. A traditional riprap blanket design requires bank
shaping to a uniform , gradually sloping bank. Then, a permeable filter (usually
gravel) is placed in order to permit seepage but prevent erosion of bank soil.
Finally, a riprap blanket supplies the top layer of protection. The report cites the
following points as being essential to a successful riprap blanket design: (a) the
shape, size, and weight of stone which suit the hydraulic conditions; (b) a bed
filter which prevents the erosion of bank material through the riprap; (c) the
correct riprap blanket and gravel filter thickness; and (d) stabilization of the bank
toe with trench fill or peaked stone fill.

Guidelines by Gray and Leiser (1982) summarize important points in
riprap stone selection, giving specifications for stone size based on the average
stream velocity and bank slope; Jansen et al. (1979) gives a similar design relation
based on the Shields diagram for sediment transport. The U.S. Army Corps of
Engineers (1983) gives more general design criteria for stone size, recommending
a well-graded mix of stones weighing from 20 to 200 Ibs for streams with
maximum velocities less than 10 ft/sec. The (1981) U.S. Army Corps of
Engineers literature summary recommends blocked stones and discourages the
use of stones with length-to-width ratios greater than 3. Grading specifications
for riprap can be found in Hemphill and Bramley (1989), and all sources agree
that a well-graded mixture is desirable. In Illinois, the most common riprap
grading used in stream bank protection is RR-5 gradation (See AppendixI).

The U.S. Army Corps of Engineers (1981) recommends a maximum
uniform-bank slope of 1V:2H for dumped stone and. 1V:1.5H for hand-placed ..
stone; Hemphill and Bradley (1989) give the angle of repose of riprap as being
between 35° and 42°. The method of toe stabilization used traditionally is a key
trench or riprap apron (U.S. Army Corps of Engineers, 1983). The method of
"longitudinal peaked stone toe protection” has been successful in providing toe
protection to streams with degrading beds. The riprap blanket should be keyed
in to the stream bank at its upstream and downstream ends to prevent the riprap
blanket from being unraveled at its ends. The recommended thickness of the
riprap blanket is 1-1.5 times the diameter of the largest-sized stone in the riprap
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(usual thickness is 12-18"). The blanket is usually designed to extend to the high-
water elevation. Figure 2-1 illustrates traditional riprap stream bank protection
designs.

Design of a riprap bed filter is not documented in the U.5. Army Corps of
Engineers literature. Gray and Leiser (1982) suggest the following criteria for the
selection of the filter material: D15(of gravel)<5Dgs(of bank) and the ratio of
D15(of gravel) to Dys(of bank) ratio should be between 5 and 40. Hemphill and
Bradley (1989) relate the recommended filter material to the bed material and
discuss the use of more expensive geotextile fabrics as filter material in place of
gravel or sand. The thickness of the granular filter is generally under six inches.
However, the use of a filter is only warranted for fine bank material likely to be
lost through the pores in the riprap blanket; if vegetation becomes established
among the riprap, then this may be sufficient to halt erosion of the bank material.

Table 2-1. Advantages and disadvantage of riprap revetment.

Advantages Disadvantages

* easily designed and constructed; e aesthetics: unsightly and not
requires no specialized labor, natural-looking
equipment, or design experience

o effective and durable; resistant to ¢ only cost-effective if rock is nearby
ice flows. and can be transported cheaply

* low maintenance requirements and | ¢ does not enhance wildlife habitat or
easily repaired | promote bank vegetation

* can permit vegetation in time

11




L. Key trench and sand/gravel filter

3-6" sand or
gravel filter
{optional)

well-graded (RR-5) riprap,
thickness=1.5 max dia.=(12-18")

Jfeaure scour
prafile key trench
1o prevent tndemmining:
(enough sione to settle onto
and protect worst scour profile)

11. Peaked-stone toe protection

peaked toe protection:
{enough stone 1o seftle onto
and protect worst scour profile)

_firture scour
~ profile

Figure 2-1. Traditional riprap stream bank protection design. (After:
' ' U.S. Army Corp of Engineers, 1983) '
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Bendway Weirs and Other In-stream Structures

In-stream structures have been used widely in stream bank protection and
rehabilitation. Weirs, vanes, and dikes have been used in stream bends to realign
flow and encourage sediment deposition behind the structures. These structures,
made of riprap, timber piles, or trees, can counteract the scouring secondary
currents in stream bends, removing the eroding pressure of the flow from the
bank. Although many of these structures have been used on larger streams and
rivers, recently several stream bank protection projects in Illinois have used rock
weirs ("bendway" weirs) on smaller streams. Design of these smaller structures
has been thus far based on experience. Table 2-2 summarizes some advantages
and disadvantages of bedway wiers.

Early stream bank protection trials by the U.S. Soil Conservation Service
(SCS) (1949) on the Winooski River in Vermont used stone-filled log-crib jetties
("wing cribs") and permeable pile jetties, as flow deflectors. The structures were
angled at 45° downstream and were submerged during high flow. Both types of
structures were not successful when submerged, encouraging local scour behind
the structures. Recommendations were made for the construction of the cribs
and jetties, and it was suggested that the structures would be insufficient
protection on sharp stream bends.

The development of the “lowa Vane" system by the University of Jowa
produced some good theoretical and experimental work (Odgaard and Kennedy,
1982; 1984) on the dynamics of in-stream vanes placed to counteract secondary
currents in stream and river bends. Earlier physical analysis and theory of the
flow deflectors, developed by Ascanio and Kennedy (1983), and Zimmerman and
Kennedy (1978), and Odgaard and Kennedy (1982, 1984) give analytical
expressions for vane design (width, spacing, number, angle) based on the stream
bend characteristics (velocity profile, transverse slope, roughness). Laboratory
and prototype (Sacramento River) experiments showed that the vanes were
effective in reducing near-bank velocities and bank scour while promoting bank
development through deposition.

Further submerged vane work by Odgaard and Lee (1984, 1987) and
Odgaard and Wang (1991a) refined the design process after more laboratory and
theoretical work. They designed a vane system to halt secondary scour on the
East Nishnabotna River near a highway bridge in Iowa. The performance of the
installed vane system (vertical sheet piles) is described by Odgaard and Mosconi
(1987), Odgaard and Lee (1987), and Odgaard and Wang (1991b). The instalied
vane system was shown to be effective in redistributing sediment across the
stream to the outer portion of the bend and moving the highest velocities back to
the middle of the channel, without changing the river slope or roughness.
However, after installation, an approaching meander just upstream of the
installed vanes had changed the alignment of the entering flow, changing the
attack angles of the installed vanes. The effects of this change have not been
documented. Odgaard and Wang (1991b) describe another successful use of
Iowa vanes on the West Fork Cedar River.
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Izumi et al. (1991) provided results of numerical and laboratory
experiments on the effects of distributed drag techniques on straight channel
bank erosion. The experiments used permeable fences to promote sediment
deposition and to lower near-bank velocities. The results indicated that
permeable dikes can be effective in preventing bank erosion, and that this
effectiveness was proportional to the density of the permeable structures.

The use of bendway weirs in smaller rivers and streams has been
described in several project reports. Derrick and Kinney (1995) give the project
specifics of bank stabilization work on the Wood River Creek in Madison
County, Illinois. The project used five stone weirs to protect about 500 ft of
stream bank along two bends near a highway bridge. Riprap toe protection was
installed between the weirs, and the project is being monitored. Figure 2-2
depicts the Wood River Creek design.

Derrick (1995b) describes the "theory" and application of bendway weirs
in both navigable rivers and in smaller rivers and streams. The informal report
also outlines work done on Harland Creek in Mississippi to protect fourteen
stream bends with bendway weirs. Several design points are stressed: the need
to correctly design the upstream weir to align the flow toward the remaining
weirs, the need to design all of the weirs for both low flow and high flow
conditions, and the frequent need for toe protection in conjunction with the
bendway weirs. Another stream bank stabilization project used tree trunks and
hand-placed stone as low bendway weirs on the East Fork of Wood River Creek.
Five trees were placed as weirs on one bend by anchoring the trees to the stream
bed with various materials. Stone was placed manually for weirs on another
bend, and both projects are being monitored. Figure 2-3 provides a schematic
representation of the Harland Creek Demonstration project.

The Harland Creek Bank Stabilization Project has been further described
in Derrick (1995¢), which includes design plans of the project. The project
spanned a stream reach of 11,700 ft, and weirs were spaced at intervals ranging
from 75-100 ft. Longitudinal peaked stone toe protection was also used in many
of the bends. Problems encountered with the project included scour between the
weirs. The bends, however, appear to be mostly stable and native vegetation is
becoming established.

Bendway weir use on larger rivers has also been described by Derrick
(1995a). Eleven weirs were used on the Big Blue River in Kansas to stabilize an
active meander upstream of a highway bridge. Willow posts were also planted,
and this project is being monitored.
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Table 2-2. Advantages and disadvantages of bendway weir protection.

Advantages Disadvantages
effective in halting secondary scour Incorrect design can cause adverse
when properly designed realignment of stream
promotes fish habitat and As stream alignment changes with

sedimentation behind weirs

time, weirs must be adjusted

local materials can be used as weir
materials (timber, trees, riprap)

riprap stone protection may also
be required (cost)

more aesthetic than traditional
riprap

local scour can occur between weirs

weirs function well at high-flow
conditions

allows native vegetation to establish

Mtis pAREY prwmie fpesas prmmes gPARAL SSMNTY FrAN e pamse ppwmes gy

Bendway Weir Cross-Section

Keyed section

(1 tonflinear ft.)

......

radius=340"
angle=70

fme dAEAL pEENY LpveAr fRaReN rpvene HEAAAYIETRTT Spma e pymeat ToARLE

Crest width: 4 f,

Weir __Height Angle Length - Weir heights and sizing based on experience

BW-1 sloped 11US 20' - Use single radius o approximate curves
BW-2 sloped 20US 20 - Angles are referenced to radii of bend
BW-3 sloped 20US 20 ( US = upstream of normal }

BW-4 sloped 2US 20 - Weir lengths based on necessary movement
BW-5 sloped 9US 28 of thalweg and erodibility of point bars

Figure 2-2. Bendway Weir design example - Wood River Creek design. (After:

Derrick and Kinney, 1995)
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Stream Characteristics:
Q2,yr.=3,750 cfs

Bank Heights: 10-20 ft.

Bank Material: clay/silt-gravel

R-650 stone
{max, weight 650 Ibs.)

256t 20-50 f.
\side-: sloped at
natural angle of
repose
NOTES:

Weir spacing at 75 ft. to 100 ft., depending on bend

Weir angle range from 0 to 20 degrees upstream

Upstream weir is designed to redirect flow into downstream weirs
( flow angles for low flows and high flows must be considered }

) s ——

max, weir

angle: 20 degrees
o, upstream
o Weir lengths:
: 1/4 - 172 base
flow width

Figure 2-3. Bendway weir design example- Harland Creek design.
(After: Derrick, 1995)

Willow Posts

Planting dormant willow posts along eroding stream banks has become a
popular technique of stream bank stabilization in Illinois. The benefits of using
vegetation as stream bank protection measures are well cited; however, practical
design information on vegetative stream bank stabilization has not been well
documented in North America until the last decade. Table 2-3 presents some
advantages and disadvantages of willow post protection.

The U.S. Soil Conservation Service (SCS) {(1949) conducted some of the
first experiments using vegetative stream bank protection on the Winooski River
in Vermont; many of the same bank protection methods tried then are being used
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today in Illinois. The SCS worked on undercutting stream banks by treating
them with combinations of bank shaping, riprap toe protection, and vegetative
bank cover.

The experiments determined that purple-osier willows were successful
plants for bank erosion protection, but that without toe protection, vegetation
alone was rarely successful in stabilizing a stream bank. The purple-osier willow
was noted for its flexibility and resiliency in absorbing the impacts of high flows
and ice flows. The SCS noted also that willow cuttings produced a better bank
cover than willow poles, and recommended planting the cuttings with a mulch
to protect the bank soil while the willows were establishing. Red-osier dogwood
also proved successful in surviving adverse conditions, and worked well at the
bottom of the bank.

Porter and Silverberger (1960) described a decade of experiments on
Buffalo Creek in northwestern New York that tested various grasses, shrubs, and
trees for effectiveness as stream bank stabilizers. Porter concluded that, when
established, willows and certain grasses could be used effectively as erosion
protection measures. The experiments showed that dormant willow cuttings
survived better when planted in the spring. Porter et al. discouraged the use of
vegetation as stream bank toe protection, indicating that the erosive forces in this
region are too strong to allow for plant establishment.

An early work by Seibert (1968) in Germany noted the benefits of using
vegetation and provided some simple design criteria for planting both woody
and herbaceous species on stream banks, including willows. Schiechtl's (1980)
book seems to be the first practical design document encouraging engineers to
use vegetation in stream bank protection. He suggested the use-of dormant
cuttings on stream banks and provides some general planting guidelines.

Bowie's (1982) experiments in northern Mississippi seem to have formed
the basis for much of what now is termed the "Willow Post Method". Bowie
investigated the comparative effectiveness of various combinations of vegetation,
bank shaping, and structure on actively eroding alluvial stream banks. The
study concluded that native plant species, specifically willows, were more hardy
(hence, effective) than introduced species. Conirol of bed degradation was
necessary to prevent bank failure due to bank toe undercutting.

Henderson's (1986) general work on environmental stream bank
protection designs suggested using structure in conjunction with vegetation
without giving any design criteria. Hemphill and Bramley(1989) provided
useful, mostly conceptual design information on different ways of using
vegetation, including willows, as stream bank protection. The designs are based
on stream bank protection experience in the United Kingdom.

An interesting project in Virginia described by Kohnkeand Boller(1989)
used "live soft gabions” and “live cribwalls" placed in the lower stream bank (toe)
as a technique to establish dormant willows. "Live soft gabjons" are described as
basket-like structures in which successive layers of soil and plants are held in
place by a geogrid material or filter fabric. A "live cribwall”is a box-like timber
crib filled with rock, earth, and plantings. The advantage of using such
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structures to establish vegetation appears to be the additional strength provided
by the basket or crib in which the plants are rooted.

Slowikowski et al. (1992) conducted trials with willow posts and other
woody vegetation on Richland Creek in Illinois, comparing the relative
effectiveness of different sized woody plants in bank stabilization. The most
successful site utilized dormant willow and cottonwood posts, 3-6 inches in
diameter, and tree revetments as toe protection. Short (2-3ff) willow stakes
installed at another site died due to burying by sediment and drought; a third
site planted with thin (dia<lin) woody species fared poorly due to a drought. A
final site treated with bank shaping and grass was also ruined during a severe
drought.

Shields (1991) investigated the effects of naturally established vegetation
on the stability of riprap bank protection along the Sacramento River in northern
California. Revetments with natural woody plants proved more effective in bank
erosion control than unvegetated revetments. Shields concluded that the effects
of natural vegetation on bank stability and channel conveyance is site specific,
depending on the type and density of vegetation, bank geometry, and hydraulic
conditions.

Shields et al. (1995) conducted a study similar to Bowie's (1982)
investigations, comparing the effectiveness of vegetation, toe protection and
bank shaping as stream bank protection measures. Heavily incised alluvial
streams in northwest Mississippi were treated and monitored for 10-13 years.
Eleven sites were treated with three different vegetative configurations:
vegetation alone, vegetation with toe protection, and vegetation with toe
protection and bank shaping. The sites were monitored by conducting repeated
cross-section surveys and collecting hydrologic data. '

The five vegetation-alone sites were planted with various species of
willows placed both manually and mechanically. Poor short-term survival was
attributed to bank erosion, covering by sediment, poor soils, and competition
from other vegetation. Willows planted after leaf buds began to swell fared
poorly. Long-term bank stability was achieved in reaches where the channel bed
had stabilized and ceased to degrade. After ten years, native woody species had
overtaken the stable banks, regardless of whether the banks had originally been
planted or unplanted.

Three other sites were treated with woody plants (willow and water elm)
and structural toe protection in the form of longitudinal stone windrows.
Although these three sites were subjected to severe droughts and floods, the
vegetation and toe. protection achieved bank stability and supported native
vegetation over the 10-13 year study period. Shields, Bowie, and Cooper (1995)
hypothesized that, following bank failure, the wasted soil had been detained up-
bank of the toe protection, eventually supporting vegetation. Again, banks
became naturally vegetated following stabilization.

The reaches treated with vegetation (willow and grass), toe protection
(stone windrows), and bank shaping saw varied success, with no single factor
contributing to failure or success. One site failed as cellular blocks were
undercut during a season of major (1m) bed degradation. Two grasses, Alamo
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switchgrass and sericea lespedeza, proved hardy enough to withstand the
northern Mississippi stream flows and climate. Although the degree of success
varied at the sites, all banks stabilized over the study time period. However, the
cost of using vegetation, bank shaping, and toe protection together seemed
unjustified in light of commensurate success achieved with a partial treatment.

Shields et al. (1995) concluded that bed stabilization was essential for bank
stabilization in incising channels. Planted vegetation proved successful in
protecting banks against erosion, and native plant species (particularly willows)
seem to fare well in stream bank environments.

Sotir (1995) documented the success of stream bank stabilization and
stream restoration with vegetation and bank shaping in several North American
streams (including Crow Creek in Ilinois), but provided no practical details on
the planted species or procedures.

White detailed the Illinois Department of Conservation use of willow
posts as stream bank stabilizers on Court Creek, Illinois, in a series of informal
reports. Dormant willow posts were planted in holes bored by metal rams or
power augers. A row of willows ‘was placed directly instream as an attempt to
protect other growing willows. White cited the need to place the willow posts
deep enough to ensure that the willow roots would remain below the water table
during the first year of growth.

The United States Department of Agriculture/ Soil Conservation Service's
(1990) technical note provides explicit design guidelines for the use of willow
cuttings and posts on streams with eroding stream banks but stable beds. The
document summarizes plant handling procedures, necessary site evaluation,
plant selection, planting procedures, and provides a design worksheet. This
document is provided in Appendix IL

A 1995 project description by Derrick and Kinney (1995) gives a useful
summary of some guidelines in dormant willow post planting. The report
describes a stream bank stabilization project on Wood River Creek, located in
Madison County, Iilinois, and recommends willow post planting in addition to
the use of bendway weirs at the site. A schematic representation of the Wood
River Creek willow post design can be found in Figure 2-4. Derrick's (1995)
report on the bendway weir and willow post stabilization on the Big Blue River
in Kansas gives more guidelines on willow post planting and selection. The
willow post selection and planting guidelines presented in these reports have
been summarized in the Appendix IL

Another Madison County, Illinois stream bank stabilization project on
Cahokia Creek has been summarized by Kinney (1995). Willow posts were used
with stone toe protection and bank shaping to stabilize a steep bank experiencing
toe undercutting. On-site riprap was placed around the willows following
planting, and this seems to have increased willow survival. The Cahokia Creek
design is presented in Figure 2-5.

Preliminary results from a large demonstration project in Mississippi on
Harland Creek are given by Derrick (1995¢). The willow post planting guidelines
established by Roseboom (Illinois State Water Survey) were used to plant nearly
10,000 willows along an 11,000 ft reach of Harland Creek, a deeply incised
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stream. Initially, the willow survival rate at the site was less than expected;
Derrick speculates that improper backfilling of the auger holes and flooding may
have been the cause. Some willows thought to be dead later had live shoots

growing and appeared well.

Table 2-3. Advantages and disadvantages of willow post protection.

Advantages Disadvantages

¢ improved aesthetics over » need for specialized labor or very
traditional structural designs explicit planting instructions

* increases wildlife habitaf; « difficulty in establishing vegetation;
encourages vegetation of willow survival not guaranteed
banks by native species

* method is generally less costly than | * woody vegetation alone will not.
structural stabilization techniques control toe undercutting (a major

cause of stream bank instability)

* plant roots impart additional ¢ inability of certain species to

strength to soil tolerate extended inundation

and/or drought

« woody vegetation filter non-point | reduction of channel conveyance
source pollutants from
groundwater inflow

+ method has been well documented;

design has been refined
through field trials
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3 raws of willows,
arranged in 3ft x 3ft grid

grass planted
between willows

logitudinal peaked stone toe
protection: RR-5 gradation,

1 tonflineal ft, keyed into bank

Post lengths:
10- 14 ft.

only trunk used;

/ Limbs removed

A TERANT

- Bendway weirs aiso installed on site

151

- Native willows in good condition used

- Posts cut, soaked in water, and planted
within 48 hrs.

- Mark tops of cut willows and plant upright
and vertical

- Plant when dormant (no leaves but before
leaf buds appear). Usually 12/1 -3/1.

- Grass planted between willows.

ETE L STTLRLCRL CRL A LT RR FRA RAA AR (Y TV TR 1T

hole drilled \

ith 8" DIA
l‘emham or backfilled with dirt, packed
auger with fat | with rod, and water with
(not pointed) hydraulic pump.
end post DIA at butt end: 1.5-3"

Figure 2-4. Willow post design example - Wood River Creek, Madison Co.,
Ilinois. (After: Derrick and Kinney, 1995)
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Bioengineering Methods

The term "soil bioengineering" has come to define the use of biological and
engineering concepts in the design and management of soil erosion control
works. The concept has been widely applied in Europe toward lake shore and
stream bank stabilization projects and is now becoming popular in the United
States with the growing interest in channel restoration. Examples of soil
bioengineering projects include the use of willow posts, tree revetments, live
gabions, fascines (bundles of branch cuttings), and a wide range of construction
materials manufactured from plant matter, including coconut fiber mattresses,
"bio-log" revetments, and geotextiles. Designs are usually site-specific and
incorporate a combination of bioengineering concepts regarding plant selection
and use. An exception to this lack of repetition in bioengineering design in
Tlinois has been the use of willow posts in stream bank protection. This specific
design has been extensively documented and refined, making the method a
viable alternative for larger (government) agencies. However, the site-specific
nature of bioengineering has thus far mostly reserved bioengineering to the
consulting industry and specialized pockets of government agencies. The lack of
ability to produce repeatable bioengineering stream bank protection “recipes” has".
made this method of bank protection difficult to adapt to large agencies which -
use repeatable, standardized designs. Table 2-4 presents some of the advantages
and disadvantages of bioengineering methods.

Schiechtl's (1980) work, considered an authority in bicengineering at that
time, gives many examples of bioengineering methods applied to slope
protection, and more specifically, to stream bank protection. Other more recent
sources containing information on plant selection, handling, and application are
Bache and MacAskill (1984), Gray and Leiser (1982), and Hartmann and Kester
(1983). Gray and Leiser (1982) effectively describe the necessary role of structural
enhancement (toe protection, "cribs," geo-reinforcement, etc.) in addition to
vegetation in bioengineering. Project reports also contain important information
on planting successes and failures; these reports are often most informative due
to the regional nature of bicengineering techniques. Bioengineering techniques
in stream bank protection can be categorized in the following manner:

Live Stakes: Planting live stakes in stream bank protection works can be used as
stakes to secure other "live" mattresses and wattles, to add aesthetic value to a
project, or to secure revetments such as trees and "biologs™. "Biolog" is a general
term used to describe any rolled, biodegradable, vegetative material.  Often,
biologs are composed of coconut fibers encased in a coconut fiber netting. The
use of willow stakes is an example of live stakes in stream bank protection
projects; these stakes are usually planted when dormant. In addition to willow
species, dogwood, baccharis, alder, and elm cuttings have all been used in stream
bank stabilization projects. Native species found thriving on site are the best
candidates for use as cuttings. Hartmann and Kester (1983) and Gray and Leiser
(1982) provided specifics on cutting selection and handling. Much information
regarding willow selection and planting can be found in the references cited in
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the willow post method description in this report. The cuttings are always cut
and planted when dormant (after leaves have fallen but before buds have
formed), which usually occurs in late winter and spring. Once cut, the stakes
should be kept moist (preferably out of the sun), and the top ends should be
marked to ensure correct vertical orientation when planted.

The placement and use of cuttings/stakes as stream bank protection
varies. Stakes can be planted in the bank in a grid pattern as in the willow post
method; alternate uses of live stakes is in securing wattles and similar bundles to
the bank. Hemphill and Bramley (1989) provide other uses of live stakes,
including close-driven willow poles as toe protection and stakes for securing
fascines. Schiechtl (1980) gives ideas on stake use, as do Gray and Leiser (1982).

Brush Layering: The placing of brush layers, ends protruding from the bank, in
terraces excavated in the stream bank, can be effective in promoting vegetation
and increasing the geotechnical stability of a stream bank. These brush layers
eventually develop into woody plants whose roots lend additional strength to
the stream bank. This method is best suited also for stream banks experiencing
major overbank erosion and gully erosion. Gray and Leiser (1982) describe
applications of brush layering in gully and bank protection. The brush layers are:
planted during the growing season along slope contours. The soil is compacted:
about the layers; spacing and size of plantings depends on the species used.
Willow cuttings are often used in this form of slope protection. Figure 2-6
illustrates the brush layering technique.

Brush Mattresses: Layers of brush placed over a stream bank as revetments are
often termed brush mattresses, brush matting, or brush revetments. Brush
mattresses placed over a stream bank and anchored with stakes or wire can halt
bank erosion; large quantities of brush are often required for this type of
protection. Live or dead brush can be used in the mattress; if live brush is used
then the dormant brush can be planted in a trench at the toe of the bank and laid
over the bank. The brush thickness ranges from 2 to 8 inches and extend from
the toe of the bank to a suitable distance up-bank. The mattresses are usually
anchored at the toe using either rock, fascines, or geotextile rolls. Figure 2-7
provides a schematic of the brush matressing technique. Alternately, bundles of
brush (fascines) can be tied together to form a grid which can be then tied to the
bank with stakes and wire (Hemphill and Bramley, 1989). Brush mattresses have
also been used in combination with live stakes to halt erosion while the stake
plantings become established (Edminster, 1949; Gray and Leiser, 1982). This
method could, for example, be used around willow stakes instead of riprap to
protect the soil around the dormant willow plantings. The method of brush
revetments should almost always be used in combination with toe protection, as
the brush revetment protects the bank against erosion but not undercutting.

Wattles or live fascines: Cigar-shaped bundles of plént cuttings placed into

trenches and secured with wire or stakes are known as either wattles or live
facsines. Wattles are most often used in combination with other bank protection
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measures to promote other vegetation and halt down-slope erosion of soil. Gray
and Leiser (1982) describe in detail the process of contour wattling, in which
wattles are staked into a slope or stream bank along a contour. Figure 2-8 depicts
the contour wattling technique. Wattles can be made of live (dormant} or dead
brush; the handling of live cuttings for use in wattles is similar to stake handling.
This technique is best suited to stream banks in which overbank runoff and gully
erosion is severe. Structure can be added along the bank toe in addition to the
wattling if bank undercutting is problematic.

Live Cribwalls: Log or timber cribs encasing plant cuttings, rock, and soil placed
at the foot of stream banks can provide the additional strength of structure while
masking the artificial appearance through vegetation. By enhancing toe stability,
the cribwalls may indirectly revegetate the rest of the bank, as the new stable
bank will be more conducive to native plants. Cribwalls have more often been
used on dry slopes, but modified cribwalls have lately been used by the
Wisconsin Department of Natural Resources (Vetrano, 1988) and the United
States Forest Service (US Depariment of Agriculture, 1995). These modified
cribwalls (also termed Lunkers) provide good toe protection and enhance fish
habitat but require considerable design and construction details.

Trees as Revetments or Weirs: Using trees as stream bank revetments (sometimes
termed the "Palmiter method") can provide necessary protection to a stream bank
until vegetation can become established. Fallen trees recovered from the stream
channel and/or trees cut from on-site can be used in this method. Whether
placed as toe protection or along the bank as revetment, the trees need to be
anchored to the bank with wire, rebar, or any other means. The advantage of this
method is that the trees used in the revetments can usually be found on site; a
disadvantage is the decay of the trees over time and the need to securely anchor
the trees. The trees are anchored either along the bank or along the toe of the
bank through any means possible. Trees have also been used experimentally as
bendway weirs on an Illinois stream (Derrick, 1995b); the use of trees as bendway
weirs may be advantageous because of their shorter lifetime. Because bendway
weirs change the alignment of the flow, the angle of flow relative to the weirs
changes also, and the bendway weirs can redirect the flow adversely. Good use
of the bendway weir method might be to change the alignment of the weirs over
time to compensate for the changes in stream alignment ; the degradation of tree
weirs can be timely with the need to realign weirs.

Other Bio-materials: The use of plant materials in manufactured components of
erosion control has led to the existence of a variety of mattresses, grids, fabrics,
and "bio-logs". Coconut fiber biologs have been effective as wave barriers and as
toe protection in stream banks. These biologs can be placed as toe protection and
are often planted with plant stems or even woody plants. The biologs are not as
durable as riprap for toe protection, but provide a "softer" alternative. The
diameter of these coconut fiber rolls ranges from 30 to 70 cm and are
biodegradable. However, these manufactured materials are often much more
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expensive than their constitutive materials, and the strength of these materials is

usually not sufficient to justify their cost.

Table 2-4. Advantages and disadvantages of bioengineering techniques.

Advantages Disadvantages

» improved aesthetics over ¢ planting and arranging is labor
traditional structural designs intensive; specialized labor may be

required

s increased wildlife habitat (fish, * experience in design and planting is
birds), encourages vegetation of usually required
banks by native species

» method can be less costly than ¢ vegetation alone cannot control toe
structural stabilization techniques undercutting (a major cause of

stream bank instability)

» plant roots impart additional » success of project is dependent on
strength to soil plant survival {(not guaranteed).

Time for plant establishment is
required.

e woody vegetation filters non-point | ¢ designs vary with location and are.
source pollutants from not easily repeated between sites
groundwater inflow

* "dead" bio-revetments will
eventually decay

Brush layering method of SIope protecion -
used on slopes with severe gully or

overbank drainage
Willow brush: 2 - 31t long layers planted
6 - 18" protruding along bank contout
soil backfilled

and compacted

willow brush ptanted
during growing season

vl

—~— L

Figure 2-6. Brush layering method. (After: Gray and Leiser, 1982)
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nafive species
can be planted
in coinrolls

Bialogs:
coin fiber geotexiie rolls:
12" dia, 9 [bs /A3
additional stone
toe proteciion
(if required)

Biologs tied
together and
to stakes

PLAN VIEW:

\\\ ,
, |
Al ;Jﬁ\l‘l“r , stakes with

Iin “ / diagonal wire
I li" ties

I Rt Sy TR o)

Bi O-Iogs W-lth -"-',::' gz T
native plantings &8

L sream —__

Figure 2-7. Brush mattressing with biolog toe protection. (After: Gray
and Leiser, 1982)
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Bicenginéafing Example: Contour "Live™ Watling
Recommended for loose surface soils with

sheet, till, or small gully erosion .
g securing stakes

Described in detail {live ordead)
by Gray and Leiser
(1982)

watting bundles
buried in bank
{see below

sione toe
proteciion

live(dormant) cutings,

Sample Wattling bundle g
local specles prefered

s

lengih is 1-2'
«——— greater than bundle & >
: e fed
longest cuttings \ with wire
Plan view of overlapping bundles:
two stakes where
/ bundles meet

bundles
placed on bank
contours

bundies buried
and covered

Figure 2-8. Contour "live" wattling. (After: Gray and Leiser, 1982)
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Geo-Reinforcement Materials

The term geo-reinforcement material is adopted here to refer to a large
number of commercial products which, when applied on or into the soil of a
stream bank, provide geological support and protection against stream erosion.
In general, geo-reinforcement materials can be divided into two categories: those
composed of biological materials and those of the synthetic type. Table 2-5
discusses advantages and disadvantages of geo-reinforcement materials.

Biological geo-reinforcements products were discussed briefly in
conjunction with bioengineering methods of erosion control. Commercial
products composed of plant material are available ina variety of forms including
mattresses, grids, fabrics, mats, blankets, and bio-logs. While these products may
provide environmentally and aesthetically sound protection for small streams
and channels, they cannot often be applied as a sole protection measure on
medium to large size streams. Typically, they do not possess the strength and
durability to withstand higher flows. Also, cost for these biological geo-
reinforcements materials limits their use on large projects. Biological
reinforcement materials also have the disadvantage of decaying over time, this
may require higher maintenance costs. In some bioengineering protection .
schemes, the biodegradable nature of these material can be exploited to supply-
temporary support until natural vegetation can be established.

Synthetic geo-reinforcement materials also come in an extensive variety of
forms including grids, mats, blankets, fabrics, honeycombs, and bricks.
Depending on the material chosen, varying degrees of protection can be attained.
Brick revetment, for example, is capable of supplying high levels of protection.
Of course, purchasing and installation costs reflect the level of protection
attained. Each product has its own particular installation requirements and
applications; therefore, the use of geo-reinforcement materials is very site
dependent. In general, a large portion of the products on the market do not
possess extensive historical track records, making evaluation of field success
difficult. Also, many of these products can be quite costly, rendering them
impractical for large bank protection projects. Geo-reinforcement materials do
play a successful role in bank protection when they are utilized as a supplement
to the measures and design methods previously discussed in this report.
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Table 2-5. Advantages and disadvantages of geo-reinforcement materials.

Advantages

Disadvantages

* Varying degrees of available
protection levels allow for versatile
application

* Biological geo-reinforcement has
questionable strength for medium
to large streams

» Biological geo-reinforcement may
provide temporary support for the
development of natural vegetation

» Biological geo-reinforcement may
decay over time, increasing
maintenance costs

* Can be highly successful when » Limited historical track record
implemented as a supplement to makes evaluating potential for
other protection measures success difficult

¢ (Cost

Monitoring Methods

A comprehensive literature review by Lawler (1993) examines existing
methods of measuring lateral stream and river channel migration. The method
of measurement chosen is dependent on the time scale over which the channel
migration is being considered. For longer time scales (100-1000 yrs), the:
quantification of channel migration involves the use of sedimentary evidence,
botanical evidence, or historical sources. Intermediate time scales of
measurement (1-30 yrs) usually involve planimetric survey and stream cross-
profiling; the smallest measurement time scales require high-resolution
measurement techniques such as erosion pins, photogrammetry, and even photo-
electronic sensors. All of these methods are described in Lawler (1993), which
includes schematics of typical surveys. The selection of the measurement
technique is based on the site characteristics, the time scales over which
measurements will be taken, the finances and logistics, and the technology
available.

For short time scales (months-years), the measurement technique must be
capable of detecting migration on the order of centimeters. Several such methods
are currently in use. Table 2-6 summarizes some advantages and disadvantages
of the various monitoring methods.

1. Erosion pins. Erosion pins are a traditional method of erosion measurement in
which rods are inserted vertically into the ground. The portion of the pins
protruding from the ground is measured at initial insertion; subsequent
observations measure the portion exposed at later times, quantifying the rate of
erosion at each pin location.

The placement and spacing of the pins depends on the site. This
measurement is point-specific, and the degree of spatial resolution depends on
the spacing of the pins, which in turn depends on the financial, time, and logistic
constraints of the project. The time between pin readings will depend on the
degree of temporal resolution desired and the site accessibility.
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An erosion pin network can be easy to establish and maintain. Erosion
pins are capable of detecting small amounts of bank migration, without
requiring special technology or skills to obtain the measurements. Furthermore,
the pins are relatively inexpensive and easily replaced.

Erosion pin measurements have the disadvantage of measuring relative
motion between the soil and the pin, and thus it cannot be known whether
erosion has actually taken place, or if the soil has merely swelled or contracted
relative to a stable pin. Usually, however, this type of soil movement is small.
Also, like most measurement techniques, the measurements are point
measurements and must be extrapolated to yield a continuous profile.

2. Photogrammetric measurement. Using a specially built terrestrial
photogrammetric camera, in conjunction with a theodolite, stereoscopic
photographs can yield a three-dimensional resolution of the site. Subsequent
photographs can give the terrestrial change over time and can be plotted as
contour maps.

Although accurate and efficient, this technology is expensive and often not
an alternative for individual projects with small budgets. However, the expense
might be warranted if the survey was to be of many different sites over longer
time scales.

3. Repeated photography. Another less expensive photographic survey technique
that is available is repeated photography. Repeated photography is most often
used to give a general idea of where bank erosion is most prevalent; detailed
measurements (quantification) are not obtained, nor can slight erosion be
detected. This technique is best suited for dynamic erosion where the terrestrial
change can be observed between successive photographs. Techniques have been
developed to obtain measurements from normal photographs, but the accuracy
of these techniques is not suitable for environments which are not very dynamic.
This photographic method is more suitable for obtaining qualitative information
about bank migration and for identifying dynamic areas.

4, Painted sections. Another visual technique for following bank migration is
painted sections. Sections of the bank can be painted with a grid of paint
markings; observations over time can reveal areas which are being eroded more
than others. This technique is often used in conjunction with repeated
photography to give a qualitative idea of areas undergoing severe erosion.

5. Repeated cross-profiling or surveying. Traditional survey techniques are popular
in measuring bank and channel erosion over longer time scales (1-30 yrs). These
techniques either involve profiling the stream at regular cross sections or making
a planimetric survey of the stream channel using theodolite and tape or EDM
equipment. Although this method is more suited for longer time scales, it can be
used to quantify dynamic channel migration.
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Table 2-6. Advantages and disadvantages of monitoring methods.

Method Advantages Disadvantages
cross-profiling easy markers may be lost
planimetric survey result is plan view of definition of bank

lateral migration sometimes unclear
erosion pins accurate requires repeated
readings of pin network
remote sensing Allows for dynamic data | Costly. Current
acquisition ' technology-insufficient
resolution.
photography easy, cheap if simple without special
pictures are used equipment, method only
gives qualitative results
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3. Case Study Selection

Introduction

A study by Herricks and Mattingly (1991) documented the status of
Illinois streams. The report outlines the effects and locations of the most heavily
channelized drainage basins in the state, while providing case studies of streams
undergoing channelization. Stream channelization is often indicative of bridge-
stream or bridge-road alignment problems; furthermore, bridge alignment
problems and stream migration problems in general are often caused by stream
channelization. For this reason, channelized streams may be good indicators of
where bridge-stream alignment problems exist in Illinois.

A main mechanism characteristic of stream channelization and/or basin
development is channel incision. Channel incision is a stream adjustment
process, involving channel bed degradation and aggradation, that often results in
stream channel migration through toe undercutting. This mechanism was
prevalent in many of the sites observed during this study.

Site Selection

In order to find sites with bridge-stream alignment problems, personnel in
various government agencies were questioned, including IDOT, the Department
of Natural Resources, and the Illinois State Water Survey. All nine IDOT, district
offices were contacted. Many district offices did not respond or reported no
known problems. The survey generated approximately 20 sites. Though it was
not possible to visit all potential sites due to time and budgetary constraints, 14
sites were visited. The following sites were investigated but not chosen:

1. Kickapoo Creek near Lawndale (County voad, Logan Co.)

The Kickapoo Creek just east of Lawndale is eroding an outer bank
severely; this meander is now (3/96) approximately thirty feet from the road.
The stream is about 40 ft wide at the troubled bend. A sandy point bar has
developed on the inner portion of the bend, and several large trees have fallen
into the creek where the banks are nearly vertical. It appears that someone has
attempted to halt the bank erosion by dumping a large amount of concrete rubble
onto the outside bank. The trees and this concrete have made the bank erosion
problem at this site very complicated, and it seems unlikely that any low-cost
measures would stabilize this site. The fallen trees might be anchored against the
bank as an immediate effort. However, even if the erosion is halted at this
outside bend, it appears that erosion will continue just upstream of this part of
the 180° bend. Long term stabilization of the site might be achieved with a long
field of bendway weirs and bank shaping.
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2. Prairie Creek near Springfield (IL Rte. 125, Sangarmon Co.)

The Prairie Creek near Springfield is scouring just upstream of the IL
Route 125 bridge. This bridge, however, does not seem to be in immediate
danger, and the bank erosion at this site could not be considered severe. A small
fence has been placed along the right bank upstream of the bridge, apparently to
halt some of the bank erosion. Although the creek is making a sharp left turn
into the bridge, it appears that the flow magnitudes are not sufficient to cause
excessive scour.

3. Prairie Creek near Farmingdale (Farmingdale Road, Sangamon Co.)

A second site on Prairie Creek near Springfield is a bridge on Farmingdale
Road not far from the IL Rte. 125 site. This site is also in good condition, except
for one bridge pier which has accumulated some woody debris. The bridge
debris may be deflecting the flow, but no major bank erosion appears {0 be
threatening the bridge. Several hundred feet upstream of the bridge, an active
meander exists. The stream is well-aligned with the bridge, and no major
problems exist at the site.

4. Sangamon River north of Oakford (IL Rte. 27, Menard Co.)

The Sangamon River's size at Oakford precludes this site from being a
possible candidate for low-cost bank protection works; however, the Sangamon
River at Oakdale is actively eroding the banks and depositing sediment in sand
bars. This site might be a candidate for a bendway weir system or other flow
modification structures. Figure 3-1 shows Sangamon River as observed on a
March 3, 1996 site visit.

5. Lick Creek Tributary near Pekin (IL Rte. 98, Tazewell Co.)

The Lick Creek Tributary near North Pekin crosses IL Rte. 98 just east of IL
Rte. 29. The left bank just downstream of the bridge is slightly eroding as the
flow emerging from the bridge is forced to turn to the right. A riprap covering
and a mesh have already been placed over the bank and along the bottom of the
channel. The riprap appears to have halted the bank erosion and effectively
armored the stream. The bridge does not appear to be threatened by the
downstream erosion.

6. Mackinaw River near Congerville (County road, Woodford Co.)
The Mackinaw River north of Congerville is a large river. Although the
banks are undergoing local erosion upstream and downstream of the bridge, this

site has no pronounced meander threatening the bridge. Only local scour
problems exist, and these problems might be solvable with vegetative means. It
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appears that in the future, an upstream bend could migrate toward the bridge,
but at present the site appears to be stable.

7. Shoal Creek (IL Rte. 140, Bond Co.)

The Rte. 140 bridge crossing of Shoal Creek is seriously scouring
downstream of the bridge. Riprap dumped under the bridge has caused a major
elevation difference (estimate: 3 ft) between the upstream and downstream water
elevations. This is causing a deep scour hole just downstream of the bridge; the
right downstream bank is also eroding as the water has been deflected through
the riprap bed toward this bank. An active meander also exists several hundred
yards downstream of the bridge; this meander requires stabilization to prevent
more adjacent farmland from being lost. The land owner, in conjunction with
another government agency, is planning to implement bend protection measures,
probably involving riprap and toe protection. Concrete rubble is already on site
and may be used as bank fortification. This bend, although not threatening the
Rte. 140 bridge, might still be useful in observing the effectiveness of protection
measures. A site survey is planned by the land owner. Figure 3-2 shows Shoal
Creek as observed on a February 26, 1996 site visit.

8. Small stream (IL Rte. 26, Putman Co.)

A Photograph (Figure 3-3) from this site shows a small stream, draining
approximately 3.0 miZ, which makes a sharp turn into a bridge. The banks show
active scour problems, with exposed tree roots and irregularities. The site is
small enough to be a candidate for low-cost stream bank protection. This site
was not visited.

9. Mission Creek (LIS Rte. 52, LaSalle Co.)

A Photograph (Figure 3-4) and bridge inventory shows this site as a small
stream meander compressing on an upstream-facing bridge abutment. This
small stream has well- vegetated banks; however, the bridge abutments have
been exposed by erosion. The small stream may continue to erode the
supporting material from the bridge if no bank protection measures are taken.

10. Drainage ditch (IL Rte. 18, Putman Co.)

Bridge #078-0013 on IL Rte. 18 has problems with an abutment which has
been undermined. No water was flowing at the time of the inspection, and the
bridge disrepair cannot be definitely attributed to stream activity.

The following four sites have been chosen for case study. The description

below provides a brief introduction to the site. Detailed site profiles are found in
the next chapter.
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1. Cahokia Creek (IL Rte. 140)

Cahokia is an actively meandering creek. Just upstream of the Rte 140
bridge, there is the potential for the creation of an oxbow lake. Such a cutoff
would isolate several acres of farmland and potentially put the bridge at risk to a
downstream progressing degradation wave. The downstream bend of the
meander has been previously treated with a riprap toe and willow posts. The
upstream bend is protected by a riprap toe and "minimal stone" bendway weirs.
Still, there is concern that erosion of the unprotected upstream banks will
continue the trend towards cut-off.

2. Pigsa Creek (IL Rie. 3}

Frosion at the Piasa site is responsible for severe scour immediately
upstream of the Rte. 3 bridge. Several large trees on the left bank have been
undermined and are likely to fall. The meander is beginning to press toward the
bridge. The near vertical banks on-site are being undermined at the toe, and
irregular scarring indicates that mass failure is primarily responsible for bank
movement. Considerable effort will be required to stabilize this site.

3. Senachwine Creek (IL Rie. 29)

On the Senachwine Creek, a sharp meander is pressing against the
upstream side of the Rte. 29 bridge abutment and road. The toe of the roadway
and bridge foundation is under considerable risk of being undermined. At the
opposite bank, an electrical tower is also being threatened by encroaching banks.
Any protective measures taken on this site must armor both banks. The channel
is cduttered with fallen trees and brush. These materials will hamper initial
remediation attempts; however, it is possible that this debris may be used in
some low cost bank stabilization designs.

4. Spoon River (IL Rte. 17)

Upstream of the Rte. 17 bridge, the Spoon River presents a mild meander
which currently threatens nearby farmland. In the long run, the meander may
begin to have adverse effects on the bridge and roadway. At this stage, the site is
a perfect candidate for low cost treatment; such an effort should effectively
prevent the situation from worsening.

Figure 3-5 shows the general locations of the sites considered for case study.
Those four sites chosen for case study have been highlighted with an inlay
photograph.




Figure 3-2. Shoal Creek ~ February 26, 1996 site visit.
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Figure 3-3. Small Stream at IL Rte 26, Putnam Co. - Photograph
provided by IDOT.

Figure 3-4. Mission Creek at US Rte 52, LaSalle Co. - Photograph
provided by [DOT.
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Spoon River
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4, Case Study Site Profiles

Introduction

The final case study sites were selected on the basis of the applicability
of low-cost stream bank protection methods to the site, the availability of site
data, and the degree to which the sites represented stream bank erosion
problems with bridges in Illinois. The relative location of the chosen sites
have been marked on Figure 3-5. Below is a detailed description of the sites
chosen for case study.

Cahokia Creek

Cahokia creek begins at Mount Olive Lake in the vicinity of Edgarville
in Macoupin County. It travels south by southwest through Madison County
into a manmade diversion channel which leads its flow into the Mississippi
River east of 5t. Louis. The site is located 1/4 mile downstream of the creek’s
intersection with Illinois Route 140 in Madison County (Figure 4-1).

Hydrologically, the site drains an approximate 150 square miles over an
average slope of 5.3 feet per mile. The basin has been outlined in Figure 4-2,
and Figure 4-3 shows the time lapsed orientation of Cahokia Creek in the
vicinity of the study area. Soils predominant to the basin are summarized
below. The erosion factor, K, gives a qualitative feel for the tendency for
erosion within the basin.

Table 4-1. Major soil associations within Cahokia Creek site drainage basin.

Soil Association Brief Description K
Well to somewhat poorly drained
Hickory-Marine- e  Moderately to very slowly permeable } 0.39
Hosmer *  Nearly level to very steep

Poorly drained

Herric-Piasa- e  Moderately slowly permeable 0.31
Virden *  Nearly level
Well to somewhat poorly drained
Coffeen-Lawson-~ ¢  Moderately permeable 0.32
Wakeland s  Nearly level to very steep ]

1. The erosion factor, K, indicates the susceptibility of a soil to sheet and 1ill erosion by water. Values of K
range from 0.05 to 0.69; the higher the value, the more susceptible the soil is to eresion by water. For purposes
of this table, K is the arithmetic mean of the erosion factors across the soil association.

Flood magnitudes and frequencies for the Cahokia Creek at Route 140
have been calculated through hydrologic anaysis. For more information
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concerning this effort, see Appendix IV. The resulting flood data are given in
Table 4-2.

Table. 4-2 Estimate of flood frequency and magnitued at Cahokia Creek Site.

Flood Frequency (yr.) Flood Magnitudes (cfs)
2 : 3,703
5 4,998
10 5,855
25 6,938
50 7,742
100 ' 8,540

Inspection of the drainage basin aerial photographs (Figures 4-4 and
4-5) show the evolution of Cahokia Creek. It has been channelized in many
sections, often cutting off large stretches of meandering stream. In addition,
stands of trees have been replaced with farmland throughout the drainage
basin. These two human activities, deforestation and stream channelization,
are responsible for the current dynamic behavior of the water body.

The land surrounding the Route 140 site is used for farming, and at
some locations farm plots extend to the banks. Other areas exhibit dense
brush, grass, and trees vegetating the banks. In general, the banks are quite
steep, almost vertical, specifically, the outer banks which abut against the
farm land. Soil on-site is Tice Silt Loam. This soil is a dark, grayish brown
friable silty loam. Loam soils exhibit characteristics similar to that of loess
soils; however, they have a greater percentage clay constituent. This make
loam soils silightly more capable of sustaining steep slopes. Surface runoff is
low, and the soil is somewhat poorly drained. It is frequently flooded for brief
periods from March through June. An erosion factor of 0.32 (K scale 0.05-0.69)
indicates the soil has a moderately high susceptibility to erosion by water.
Figures 4-6 and 4-7, photographs taken during the February 26,1996 site visit,
characterize the site. _

Upon choosing the site for further study, a detailed survey was
completed. Figures 4-8 and 4-9 summarize the survey effort. The upstream
cross-section at station 10+22.36 exhibits both outer and inner banks of
relatively gradual slope. Each cross-section downstream thereafter have
increasingly steep-sloped outer banks.

In the vicinity of Route 140, the Cahokia is actively meandering. Here,
the trend toward the creation of an oxbow lake is unmistakable. The bend is
very close to cutting through the remaining land bridge, isolating several
acres of farmland. If the stream cuts off, bed erosion may ensue, leading to
stability problems at the Route 140 bridge. The downstream section of the
bend has already been stabilized with riprap and willow posts, but the
upstream portion of the bend is untreated and continues to erode. The
vertical banks appear to be migrating by mass failure. The creek currently
appears stable next to the bridge. The site has been investigated by the Illinois
Natural Resource Conservation Service, the Illinois Water Survey, and the
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Corps of Engineers; these agencies cooperated with the land owner to
implement existing protection measures.
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Figure 4-1. Location map of Cahokia Creek site.
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Figure 4-2. Outline of Cahokia Creek case study site drainage basin.
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Figure 4-5. Aerial photograph of Cahokia Creek basin - 1994.
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Figure 4-7. Cahokia Creek site - taken during February 26, 1996 site visit.
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Piasa Creek

Piasa Creek begins west of Shipman in the County of Macoupin. It
travels south by southwest through Jersey County where it empties into the
Mississippi River just west of Godfrey, Illinois. The site is located at the
Creek’s intersection with Illinois Route 3 (Figure 4-10). ‘

Hydrologically, the site drains approximately 98 square miles with an
average slope of 5.8 feet per mile. The drainage basin has been outlined in
Figure 4-11, and Figure 4-12 shows the time lapsed plan view of Piasa Creek in
the vicinity of the study area. Soils predominant to the site have been
summarized in Table 4-3.

Table 4-3. Major soil associations within Piasa Creek site drainage basin.

Soil Association “Brief Description X'
' Well drained
Fayette-Rozetta ¢ Moderately permeable 0.37

e  Gently sloping to Steep

Poorly to moderately well drained

Marine-Rozetta »  Slowly to moderately permeable 0.37
Stronghurst »  Nearly level to gently sloping
*  Somewhat poorly drained
Wakeland-Orion ¢  Moderately permeable 0.37

Birds ¢  Nearly level

_ Well drained to poorly drained
Hickory-Rozetta e  Moderately to very slowly permeable | 0.37
e Nearly level to very steep

»  Somewhat poorly to poorly drained
Herrick-Virden »  Moderately slowly permeable 0.37
*  Nearly level

*  Poorly drained
Herrick-Piasa- »  Moderately slowly permeable 0.31
Virden _ *  Nearly level

1. The erosion factor, K, indicates the susceptibility of a soil to sheet and 1ill erosion by water. Vahies of K
range from 0.05 to 0.69; the higher the value, the more susceptible the scil is to erosion by water. For purposes
of this table, K is the arithmetic mean of the erosion factors across the soil asscdiation.

W

Flood magnitude and frequency for the Piasa Creek at Route 3 have
been calculated using the USGS estimating techniques for rural Illinois
Streams (Curtis, 1987). For more information concerning this technique and
its accuracy see Appendix IIl. Flood data are summarized in Table 4-4.
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Table 4-4. Estimate of flood frequency and magnitude at Piasa Creek site.

Flood Frequency (yr.) Flood Magnitudes (cfs)
2 3,260
5 5,550
10 7,130
25 9,190
50 10,720
100 12,220

Inspection of the drainage basin’s aerial photographs (Figure 4-13 and
4-14) show that the Piasa Creek has not been as active as the Cahokia Creek in
the past 35 years. The exception is a meander which has been approaching the
Route 3 bridge from upstream; this meander is now beginning to migrate
downstream of the bridge. However, the problems at the Illinois Route 3
bridge appear to be localized and not representative of an otherwise stable
drainage basin.

The land surrounding Route 3 site is used primarily for farming. The
banks are vegetated with small trees, brush, and grass. Some trees have been
eroded from the banks and clutter the channel. In general, the banks at the: -
Piasa site are not as steep as those on the Cahokia site. Downstream of the
bridge and at several upstream scour holes, the slopes do degrade to near
vertical. The soil on-site is Fayette Silt Loam. This soil is moderately
permeable and well drained with average slopes of 7-12%. An average
erosion factor of 0.37 (K scale 0.05-0.69) indicates a moderately high
susceptibility to erosion. Figures 4-15 and 4-16, photographs taken during the
February 26, 1996 site visit, characterize the site.

Upon choosing the site for case study, a detailed survey was completed.
Figures 4-17 and 4-18 summarize the survey effort. The plan view shows the
skewed bridge approach with the left bank scarred by numerous scour holes.
Cross-sections at stations 102+54.48 and 103+20.93, immediately downstream
of the bridge, exhibit steep sloped banks.

In the vicinity of the Route 3, the Piasa exhibits strong erosion trends.
There is active scouring of the left bank upstream of the bridge. This
mechanism appears to be forcing the meander towards the Route 3 bridge.
Examining the time lapsed position of the Creek, Figure 4-12 confirms a
strong push to the left just upstream of the bridge. No protective measures
have been taken at the site, except for a small stone weir near the left bank.
This has deflected the flow against the bank resulting in a large scour hole.
Several other deep (approximately 6 feet) scour holes exist on site, and at
these locations, the banks are nearly vertical. Irregular failure scars indicate
that the banks are apparently undergoing mass failure. A telephone cable
crossing under the creek near the bridge should be kept in mind when
executing any erosion control plan.
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Figure 4-14. Aerial photograph of Piasa Creek basin ~ 1994.
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Figure 4-16. Piasa Creek site - taken during February 26, 1996 site visit.
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tional survey of Piasa Creek, July 1996. (Source: 1DOT)
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Senachwine Creek

The Senachwine Creek is a many-branched water body with its furthest
reaching tributaries extending northeast of Camp Grove in Marshall Co. The
creek flows predominantly south until it reaches North Hampton where it
makes a sharp turn to the east. The Senachwine enters the Illinois River
upstream of Chillicothe, in Peoria County. The study site is north of
Chillicothe where the creek passes under Illinois Route 29 bridge
(Figure 4-19).

Hydrologically, the site drains approximately 89 square miles with a
relatively steep average slope of 10.3 feet per mile. The basin has been
outlined in Figure 4-20, and Figure 4-21 shows the time lapsed orientation of
Senachwine Creek in the vicinity of the study area. Soils composing the basin
are summarized in Table 4-5.

Table 4-5. Major soil associations within Senachwine site drainage basin.

Soil Association Brief Description K
e  Moderately well drained 0.31
Catlin-Saybrook- e  Moderately permeable
Osco e  Nearly level
s Moderately well drained 0.31
Harco-Sable *  Moderately permeable
Elkhart *  Nearly level to sloping
Moderately well drained 0.37
Rozetta-Keomah ¢ Moderately permeable

Nearly level to gently sloping

«  Somewhat poorly drained 0.28
Muscatine-Osco- *  Moderately permeable :
Sable *  Nearly level
Well drained 0.33
Hennepin- ¢  Moderately slowly permeable
Birkbeck-Miami *  Steep to very steep

1. 1he erosion factor, K, indicates the susceptibility of a soil to sheet and rill erosion by water. Values of K
range from 0.05 to 0.65; the higher the value, fhie more susceptible the 56il is 6 erosion by water. Forpurposes
of this table, ¥ is the arithmetic mean of the erosion factors acoss the soil association.

Flood magnitudes and frequencies for the Senachwine Creek at Route
29 have been calculated using the USGS estimating techniques for rural
Illinois Streams (Curtis, 1987). For more information concerning this
technique and its accuracy, see Appendix IIl. The resulting flood data are
presented in Table 4-6.
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Table 4-6. Estimate of flood frequency and magnitude at Senachwine Creek site.

Flood Frequency (yr.) Flood Magnitudes (cfs)
2 2,670
5 4,600
10 5,970
25 7,780
50 9,120
100 10,460

Inspection of the drainage basin aerial photographs (Figure 4-22, 4-23)
show the evolution of Senachwine basin. Land use within the basin does not
appear to have changed much over the last 35 years. S5till, the meandering
nature of the stream has been quite pronounced over the same period.

The land surrounding the Route 29 bridge site is primarily farm
pasture. The immedijate banks, however, are wooded and cluttered with
dense brush. In some locations, bank slopes degrade to vertical. Soil on-site
is Jules Silt Loam. This soil is dark to yellowish brown and is nearly level .
and well drained. Figures 4-24 and 4-25, photographs taken during the
February 26,1996 site visit, depict the site.

Upon choosing the site for further study, a detailed survey was
completed. Figures 4-26 and 4-27 represent the survey effort. The plan view
shows a large electrical tower approximately 30 feet from the eroding banks.
The cross-sections exhibit a relatively wide, flat channel. The primary
channel is complimented by a secondary flat flood plain along the outer
banks. This flood plain begins to break down at sections D-D and E-E as the
creek turns into the bridge. The result is a wider channel eroding along the
outer banks.

The creek meander just upstream of the Route 29 bridge is threatening
both the bridge and power line tower. Figure 4-21 shows that this meander
has become very pronounced during the last 35 years. Bank failure and scour
is occurring where the river is forced to turn at a right angle toward the
bridge. The bend meander is very active and littered with fallen trees. More
trees are in immediate danger of being undercut and will undoubtedly fall
soon, complicating any erosion control efforts. The creek has experienced
some extreme flood events, evident by the woody debris deposited on the
high parts of the banks. A large point bar exists immediately upstream of the
site, and the outer parts of the channel have been scoured deeply. The
difficulties presented by this site will test the limits and success of low-cost
stream bank protection methods. At this site, any low-cost effort should be
viewed as temporary until it is proven successful, and more extensive
measures may be necessary.
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