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Appendix G: Riverbank Stabilization Techniques 
 

1. Introduction 

The SED 3 through SED 10 sediment remedial alternatives include stabilization of all or 

portions of the riverbanks in Reaches 5A and 5B of the Housatonic River.  As discussed 

in the text of this Revised Corrective Measures Study (CMS) Report, GE has re-

evaluated the bank stabilization techniques described in the original CMS Report for 

SED 3 through SED 8 and has also evaluated such techniques for SED 9 and SED 10.  

The objective of this evaluation was to identify, in conceptual terms, potential techniques 

that would stabilize banks and reduce erosion on a long-term basis while reducing the 

adverse ecological and aesthetic impacts of bank stabilization to the extent consistent 

with effective stabilization.  As such, this evaluation focused on incorporation of a variety 

of bioengineering measures, to the extent practical and appropriate based on river 

conditions, in addition to traditional bank hardening methods.  It thus resulted in the 

identification of various combinations of bioengineering and traditional bank stabilization 

techniques that could be applied to the riverbanks in Reaches 5A and 5B.    

This Appendix G identifies the conceptual bank stabilization measures identified for 

Reaches 5A and 5B under SED 3 through SED 10 based on an initial visual assessment 

of bank conditions, as well as review of other existing information (e.g. aerial 

photographs, EPA transect data), to evaluate geomorphic  characteristics and hydraulics 

affecting particular bank sections.  Given that a detailed survey of the riverbanks in 

Reaches 5A and 5B has not been conducted, the selection of bank stabilization 

measures is necessarily preliminary.  Detailed studies of river fluvial geomorphology, 

hydrologic conditions, and bank conditions would be needed to specify appropriate bank 

stabilization measures during final design for the selected remedial alternative.  This 

Appendix provides additional details on the conceptual bank stabilization plans 

described generally in Section 3.1.4 and is divided into eight sections.  Section 1 is a 

general introduction.  Section 2 provides a brief description of geomorphic 

considerations affecting bank stabilization in Reaches 5A and 5B.  Section 3 describes a 

range of potential bank stabilization techniques considered for application to the banks 

in these sub-reaches, while Section 4 discusses the process used in selecting 

stabilization techniques for application to varying bank conditions.  Sections 5, 6, 7 and 8  
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of this Appendix present the resulting conceptual bank stabilization plans included as 

part of alternatives SEDs 5-8, SEDs 3 and 4, SED 9, and SED 10, respectively.1   

2. Geomorphic Considerations and General Approach 

Rivers are natural open systems that adjust their morphology to transmit the flow and 

sediment load delivered from their watershed.  Over periods of thousands of years, the 

supply of sediment from upstream is balanced by a river’s ability to transport it.  

However, over shorter time periods, natural and man-made changes in a river’s flow 

and sediment transport regime can induce erosion or deposition and associated 

changes in the river channel form, as the river adjusts to increased or decreased 

sediment loads or flows. 

 

The physical appearance and character of the river (or geomorphology) is a product of 

channel boundary and slope adjustment to the present flow and sediment regime.  

River form and fluvial processes evolve simultaneously and operate through mutual 

adjustments toward self-stabilization.  

 

Because river systems are dynamic, their pattern, dimension, and profile are a 

function of numerous process variables,2 with the result that a change in one variable 

sets up a mutual adjustment in others (Leopold et al., 1964).  Channel stabilization 

methods must address these observable relationships to prevent the negative feed-

back mechanisms from the river from undermining the stabilization measures.  In bank 

stabilization design, this is accomplished by comparing the observed  morphological 

features of a river to those of known stable systems in order to account for the natural 

tendency of a particular river system or segment to adjust to a more stable channel 

form. 

 

The effects of changes in the Housatonic River’s flow and sediment transport regime 

on the river channel can be seen in Reach 5 of the Housatonic River (from the 

Confluence of the river’s East and West Branches to Woods Pond) in the form of tight  

                                                      

1  A discussion of bank stabilization methods and their application as part of these remedial 
alternatives was previously presented in the Supplement to Response to EPA’s Interim Comments 
on CMS Report: Evaluation of Example Areas, Housatonic River – Rest of River dated February 
2010 (the Supplemental Interim Response).  In that document, the discussion of bank stabilization 
measures was limited to just three “Example Areas” identified by EPA.   The discussion included in 
this report addresses the full length of Reaches 5A and 5B as applicable for the sediment remedial 
alternatives.   
2  These variables include river width, depth, slope, velocity, flow resistance, sediment size, 
sediment load, and discharge. 
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Photograph G-1. Tight meander bends and 
other features of the Housatonic River 
indicating current and historical instability. 

meander bends, oxbows, and recent 
shoot cutoffs (Photograph G-1).  In 

Reaches 5A and 5B, these changes 
have caused erosion on outer banks 
of meander bends, formation of mid-

channel bars that redirect flows 
causing bank erosion, and poor point 
bar development3 in a number of 

locations.  

 
Other indications that the river is 

undergoing morphological changes in 
Reaches 5A and 5B include portions 
of the channel that are very wide and 

have developed side bars, atypical 
flow geometry and thalweg location, 
longitudinal position of the pools with 

respect to the channel pattern, and occurrence of depositional areas on the outside 
banks leading into the meander.    
  

The sediment remedial alternatives involve stabilization of all or portions of the existing 
banks in Reaches 5A and 5B to reduce bank soil erosion. The identification of 
stabilization techniques applicable to the particular riverbanks in Reaches 5A and 5B, 

described in Sections 3 and 4 of this Appendix, takes into account, to the extent 
possible, the natural geomorphological factors affecting the river in this area (e.g., 
channel geometry and velocity, sediment transport, and hydrodynamics). 

 
A river segment’s channel-forming flow, also known as “bankfull” discharge or flow, is 
the flow that transports the majority of a river’s sediment load over time and thereby 

forms and maintains the river channel.  In many rivers, the bankfull stage (when the 
river is at bankfull elevation) is the point at which water begins to overflow onto the 
floodplain.  However, if a river downcuts (that is, erodes more deeply into the bottom 

of the channel), the bankfull stage is often at an elevation that is lower than the top of 
the river’s banks.  Such a river is considered incised.  If incision continues to a point at 
which water does not overflow onto the floodplain at twice the river’s bankfull depth, it 

is considered entrenched.  Bankfull stage can be observed and determined within 
incised and entrenched rivers by using a series of common indicators such as a bench 

                                                      

3  Point bars develop when sand and gravel is deposited on the inside of meander bends.  When 
the river hydrologic environment is stable, the point bar will typically take on a characteristic 
crescent shape.  However, in an unstable hydrologic environment, point bars often change shape 
(slope and size) dramatically during bankfull flow events and do not maintain a consistent 
geometry over time.  Such point bars are described as poorly developed. 
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or scour line.  An illustration of bankfull stage relative to a river channel and other 

floodplain features is shown in Figure G-1.  

 

Preliminary observations indicate that the Housatonic River in Reaches 5A and 5B is 

incised to a degree, but not entrenched.  This incision was taken into account when 

developing the bank stabilization measures described in this Appendix. 
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Figure G-1.  Illustration of bankfull elevation, incision and entrenchment  
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3. Description of Potential Stabilization Techniques 

Bioengineering techniques include use of natural materials and certain riparian 

vegetation as a strategy to control bank erosion and promote longer-term stability of 

the river channel and banks, while attempting to minimize the adverse effects of 

stabilization when possible.  Such techniques can be grouped into two basic 

categories: those that reduce the force of water against a riverbank, and those that 

increase a bank’s resistance to the force of water (NRCS, 2002).  Both categories of 

bioengineering techniques employ riparian vegetation as a means of erosion control.  

Vegetative growth reduces local velocities against the bank, thereby reducing near 

bank shear stress.  After time, as the vegetation grows and matures, the hard mass 

provided by plant roots can provide protection from erosion and collapse and increase 

internal bank strength (Rosgen, 2006; Wynn et al., 2004).   

 

Many of the techniques that are designed to reduce the force of water against a 

riverbank do so by directing flow away from banks.  The structures used to direct flow 

away from a bank, such as vanes and bank spurs, are made of materials such as logs 

or native rock.  These structures can also be used to deliberately create scour areas 

such as pools within the bed of a river channel.  Such scour areas can increase the 

overall stability of the river profile by providing energy dissipation.  Other examples of 

techniques to reduce the force of water against a bank include reshaping a bank to 

reduce its angle or constructing a bench which can reduce the shear stress affecting 

the lower portion of the bank. 
 
Techniques designed to increase a bank’s resistance to the force of water function in 

much the same way as traditional hardening techniques, such as gabions, riprap and 

concrete, by “armoring” a riverbank with materials that are more resistant to the force of 

water than native, in situ soil.  Natural materials, such as coir fiber, provide flow 

resistance while also serving as a substrate for plant growth, or incorporate interstitial 

space to provide ground contact for rooting plants.  

 

In areas that are subject to greater instability, such as where shear stress and channel 

velocities are particularly severe, bioengineering techniques are unlikely to succeed 

(at least by themselves), and thus traditional hardening methods (e.g., use of 

concrete, riprap, and gabion baskets) are necessary to prevent bank soil erosion.  

Bioengineering techniques and traditional hardening methods are not exclusive of 

each other, however.  In areas where shear stress and channel velocities are relatively 

severe, bioengineering can be used in conjunction with traditional hardening methods 

to provide the most effective strategy for bank stability (VDCR, 2004).  

 

It should be noted, however, that any technique for bank stabilization would be intended, 

by design, to prevent any significant bank soil erosion and lateral channel migration, 
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which are two key geomorphic processes that produce a heterogeneous mix of 

riverbank types, including vertical and undercut banks, that are critically important to 

many of the plants and animals that use the banks.  Thus, while efforts can be made to 

reduce ecological impacts, it must be recognized that any bank stabilization techniques, 

including bioengineering techniques, would have long-term or permanent adverse 

ecological consequences.  These impacts are described in the text of this Revised CMS 

Report (e.g., Section 5.2.3).     

In some cases, bank stabilization methods are applied to only discrete portions of the 

banks along a given stretch of a river, which reduces the adverse ecological impacts 

compared to stabilizing the banks throughout the entire stretch of a river.  This partial or 

intermittent bank stabilization approach focuses on the areas with the greatest need for 

stabilization.  Since many bioengineering techniques are specifically designed to reduce 

flow velocities, dissipate energy, and reduce erosional forces along the banks on which 

they are applied rather than simply deflecting the river’s energy upstream or 

downstream, they are consistent with intermittent bank stabilization because they mean 

that the stabilization design for particular sections of riverbank can minimize energy 

displacement that could affect nearby riverbank segments.  This approach is discussed 

further in Section 8 of this Appendix in connection with the stabilization techniques for 

SED 10, which would involve this type of intermittent bank stabilization in Reaches 5A 

and 5B.  As discussed there, various guidance documents recognize that this is a 

workable approach to controlling erosion and stabilizing banks, provided that any 

potential impacts of such partial bank stabilization measures on the portions of the 

banks that would not be stabilized are considered and any necessary steps are taken to 

prevent those measures from increasing erosion in other areas.  As further discussed in 

Section 8, such an evaluation has been made, on a preliminary basis, for the bank 

stabilization under SED 10.  

A range of bank stabilization techniques, including bioengineering options, that have 

been considered for use on the banks in Reaches 5A and 5B are described in more 

detail below along with a general description of the types of conditions typically 

present in Reaches 5A and 5B for which each technique may be applicable.   

3.1 Vegetative Plantings 

The planting of herbaceous and woody vegetation is one of the simplest forms of 

stabilizing a riverbank.  The plant roots help stabilize the soil and control shallow mass 

movement by binding soil particles and by removing moisture from the soil. The 

above-ground portion of the plant provides some protection of the soil surface and 

reduces water velocity.  While vegetative plantings are incorporated into a number of 

bioengineering techniques, the techniques that primarily rely on the establishment and 

growth of vegetation are described in this section.  
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Photograph G-2.  Live stakes. 

Photograph G-3.  Newly installed brush mattress. 

Plugs consist of individual rooted stems of grasses, sedges, and rushes.  They are often 
planted along the lower portion of the bank approximately one foot below the ordinary 

high water level,4 where they form clumps to help prevent scour in low stress areas.  
Plugs can be used in conjunction with other techniques, such as coir matting, 
compartmentalized placed fill, and vegetated geogrids.  

Live stakes are dormant (but live) 
cuttings or branches typically 2 to 3 

feet in length that are inserted into the 
soil at or below bankfull elevation 
(Photograph G-2).  If correctly 

prepared, handled, and placed, the live 
stake will, under suitable conditions, 
root and grow. Only a few species will 

grow well from live stakes. Those 
species include willows, dogwoods, 
and elderberry.  Live stakes can be 

used in conjunction with other 
techniques, including erosion control 
matting.   

 
Live fascines are long bundles of live woody vegetation buried in a riverbank in 
shallow trenches placed parallel to the flow of the river.  The plant bundles sprout and 

develop a root mass that will hold the soil in place and protect the bank from erosion. 
These cuttings are bound together in 
bundles that are typically 6-8 inches in 

diameter and 4-20 feet in length.   
 
A brush mattress (Photograph G-3) is a 

layer of live branch cuttings, placed 
perpendicular to the flow of the river on 
the bank, and held down in place with 

poultry netting or light gauge wire mesh 
to form a “mattress” of woody material.  
Live stakes are often placed in between 

the layers of brush, and a live fascine is 
often placed at the toe of the bank for 

                                                      

4  The ordinary high water level or line is that line on the bank established by the routine 
fluctuations of flow in the stream channel and indicated by physical characteristics such as a clear 
natural line impressed on the bank, shelving, changes in the character of soil, destruction of 
terrestrial vegetation, the presence of litter and debris, or other appropriate means that consider 
the characteristics of the surrounding areas.  The ordinary high water level is lower than the 
bankfull elevation. 
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Photograph G-4.  Coir matting with vegetation 
beginning to grow through. 

added protection. The mattress covers the bank and provides high resistance to shear 
stress and increased roughness, thereby reducing flow velocities.  For this reason, a 

brush mattress is one of several techniques appropriate for outer meander bends 
where near-bank shear stress tends to be moderate to high and/or where space for 
excavation is limited by high banks or relatively deep pools near the banks.  The live 

cuttings and live stakes that make up the mattress propagate riparian vegetation.  
Moreover, the irregular surface of the numerous branches that make up the brush 
mattress tends to capture sediment during flood conditions, thereby creating a 

substrate suitable for colonization of some native vegetation.   
 
Regardless of the technique employed, any trees and other vegetation on the banks 

would need to be removed to implement the remediation/stabilization.  In addition, 
because any future windthrow and overtopping of trees would destabilize those banks 
and cause severe bank erosion, only herbaceous plants and shrubs, and not trees, 

would be planted in connection with any bioengineering technique, and an ongoing 
program to prevent the growth of trees on the stabilized banks would be essential.   

3.2 Coir Fabric Techniques 

Coir fabric or coir matting is erosion 

control matting constructed of coconut 
fibers (Photograph G-4).  The matting 
protects the banks while vegetation is 

established and biodegrades in about 
5 years.  Coir fabric is also used to 
construct a number of other 

bioengineering systems, including 
prevegetated mats, pre-planted coir 
pillow, and vegetated geogrid, each of 

which is described below. 
 
Pre-vegetated mats are coir mats that 

are pre-planted with sprigs or seeds 
and grown in a nursery to establish 
vegetation in the matting prior to use.  

The mats are placed on the bank soil in a manner similar to the placement of a sod 
mat.  A variation of this is a pre-planted coir pillow, which is an approximately 3 foot by 
8 foot by 4 inches thick coir fiber log.  Because coir pillows are pre-planted, vegetation 

tends to become established more quickly. 
 
Coir matting is applicable in a variety of conditions in Reaches 5A and 5B to protect 

banks while vegetation becomes established.  This treatment can be used alone in 
depositional areas or on banks with low near-bank shear stress.  This would include the 
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Photograph G-5.  Vegetated geogrid with 
established vegetation. 

inside of broad mender bends, straight reaches where the thalweg is in the center of the 

channel, or downstream of stable point bars.  In such conditions, the bank would be 

graded to a low slope of 3:1 or less, covered in coir matting, and replanted with 

herbaceous and shrub vegetation.  Coir matting may also be used on the upper bank 

slopes (above bankfull elevation) on banks undergoing stabilization with riprap or 

compartmentalized placed fill.  Bank soil removal would be performed as necessary to 

allow implementation of these measures.  

The most sophisticated use of coir 

matting is to construct vegetated 

geogrids.  A vegetated geogrid consists 

of a wall composed of 1-foot “lifts” of 

compacted soil wrapped in coir fabric or 

geotextile (typically synthetic) fabric, 

with plugs, live stakes, or other 

plantings placed between each lift 

(Photograph G-5).  This technique 

essentially replaces the riverbank with a 

newly constructed, reinforced wall that 

provides resistance to shear stress, 

while at the same time providing 

vegetative growth.  The irregular 

surface created by the lifts helps to 

trap sediment during flood events, which in turn encourages further vegetative growth 

and colonization of vegetation.  Because the vegetated geogrid is a wall, it can be 

constructed on steep slopes, thereby providing a suitable solution where it is not feasible 

to decrease the slope of a bank.  It can also be used to protect fill slopes, which are 

generally more susceptible to erosion than slopes cut into in-situ soil.  Some bank soil 

removal would be performed in association with using vegetated geogrids where vertical 

banks are sloped to 1:1 or greater.  As an alternative to the lifts, a product known as 

“BioD-Blocks” can be used.  This product is composed of coir fiber “blocks” tied into the 

bank with coir fiber matting (with layers of compacted soil placed between each course 

of blocks).  Unlike conventional soil layer lifts, the coir block forms the face of the soil lift, 

which provides enhanced resistance to shear stress. 
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Photograph G-6.  Bankfull bench along small 
stream. 

3.3 Constructed Bankfull Bench 

The bankfull bench is a nearly flat area 

of variable width (but usually a 

minimum of 4 feet wide) constructed 

on a riverbank either by excavation or 

by the placement of fill (Photograph  

G-6).  The bench is constructed at the 

bankfull elevation. The bankfull bench 

is designed not only to stabilize the 

riverbank, but also to improve the 

overall stability of the channel.   

Rivers such as the Housatonic, which 

are incised systems, have bankfull 

flows that do not reach the floodplain; 

flows greater than bankfull have increased velocities until reaching the top of bank 

elevation.  For such incised systems, conditions of bed and bank instability can lead to 

bank erosion.  A bankfull bench attempts to address this by modifying the channel 

geometry into a stable form that possesses the width and depth necessary to transport 

the river’s sediment load over time without aggrading or degrading.  The overall 

sediment transport capacity of the channel is increased while shear stress to the bank 

is decreased.   

 

The bankfull bench can function as a stand-alone measure, but it can also be used 

where any excavation, reshaping, or armoring of a riverbank occurs.  It is also usually 

accompanied by vegetative plantings to provide added stability, particularly if fill soils 

are used; typically, shrubs and herbaceous vegetation would be planted on and above 

the bench, while only herbaceous vegetation would be planted below the bench.  

Vegetation on the bench increases roughness which in turn reduces flow velocities 

along the bank and allows for deposition of sediment.  

 

Bankfull benches would be used on straight reaches between meander bends to help 

further reduce moderate shear stress.  Benches would either be excavated into the 

existing bank (requiring bank soil removal) or, where the channel is “over-wide” (i.e. 

wider than necessary to carry its sediment load) built out into the channel.  The bank 

would be graded to a 2:1 slope from the toe of the bank to the bankfull elevation, the 

bench would be constructed, and the bank would continue at a 2:1 slope or less to the 

top of the bank.  The bank and the bench would be covered in coir matting and planted 

with vegetation.  Bankfull benches would also be incorporated into the reconstruction of 

the inside of meander bends.  For example, when a point bar is rebuilt, a short bankfull 

bench could be constructed toward the downstream end to assist with the transition 

between the point bar and the downstream riffle.   
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Photograph G-7.  Rootwads along an outer 
meander bend.

3.4 Rootwad Revetments 

Rootwad revetments are composed of 

“rootwads,” which are downed trees 

that are buried in a riverbank with the 

root mass portion exposed towards the 

flow, and the stem or bole of the tree 

buried in the bank (Photograph G-7).  

Generally, the root system of the trees 

used as rootwads would be at least 3 

feet in diameter.  Rootwads are often 

placed in clusters along the outer 

meander bends of a river to form a 

protective layer against high shear 

stress impacting the riverbanks.   

 

Rootwads are usually used in 

conjunction with logs or boulders to create an integrated revetment, whereby the 

rootwad tree is laid on top of a footer log, to provide stability and achieve the desired 

angle that is necessary to maximize resistance to flow.  Boulders are often placed 

between the rootwads to minimize erosion or scour around the rootwad, and to anchor 

the rootwads to increase their tolerance to shear stress.  Since rootwad revetments 

have the potential for scour around the structure, particularly on the upper bank above 

the rootwad, the placement of the rootwad clusters is usually accompanied by 

vegetative plantings, brush layers, or matting to help stabilize the upper bank 

(Harman, 2004).  

 

When properly installed and given measures to minimize scour around the structure, 

rootwads can provide a high level of stability in or near high stress bends.  They would 

be used in conjunction with other bank treatments in areas of high to moderate near 

bank stress.  Root wads would be particularly useful on the outside of meander bends, 

past the areas of highest near-bank stress, to provide a transition from harder 

treatments such as riprap and log vanes to a bank treatment that is softer in nature 

such as a bankfull bench. 

 

3.5 Compartmentalized Placed Fill 

This technique consists of placing filled bags or tubes of organic material and stone on 

the riverbank to armor slopes.  Envirolok™ is a trade name for a particular brand of 

bag.  The bags are typically built into a wall unit using either straps or a locking spike 

to create a stable surface.  The bags are composed of a synthetic material that is filled 

with a planting medium.  Native plants are planted between the layers or lifts of bags  
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Photograph G-9.  Log vane. 

Photograph G-8.  Newly planted Envirolok™ 
bags. 

to promote vegetation growth 

(Photograph G-8).  The bags break 

down under UV exposure and can last 

from 10 years to over 50 years 

depending upon the amount of 

exposure.   

 

Compartmentalized placed fill can be 

used on moderately steep banks or in 

areas of moderate to high shear 

stress.  These areas occur in a variety 

of geomorphic positions, including the 

outside of broad meander bends, 

straight reaches where the thalweg is 

near the bank, and downstream of 

tight meander bends.  The banks undergoing such treatment would be graded to a 2:1 

slope or less, with bank soil removal as necessary.  The compartmentalized placed fill 

would be placed from the toe of the bank to bankfull elevation.  Above bankfull, the 

bank would be stabilized with a vegetative technique, including planting of herbaceous 

and shrub species.   

 

3.6 Log Vane/Rock Vane 

A vane is an in-stream structure that is 

used to deflect near-bank erosional 

forces away from unstable riverbanks.   

A log vane involves placement of a log 

with a rootwad anchored into the 

bank, facing upstream, and angled on 

a downward slope from bankfull 

elevation at the bank to the channel 

bed elevation at the end of the log 

(Photograph G-9).  A footer consisting 

of a second log or boulders is placed 

beneath the log.  Filter fabric is often 

placed along the footer, and the area 

between the log and the bank is 

backfilled to prevent undercutting of the vane.  A rock vane is of similar geometry but 

constructed of large boulder sized rock.   

 

Vanes are typically installed at the upstream end of an outer meander bend or other 

unstable area of moderate to high near bank stress to deflect flow away from the bank 

and dissipate energy. Typically, in Reaches 5A and 5B, vanes would be used in series 



              

G-14 

  

October 2010 
 Appendix G-Riverbank 

Stabilization Techniques 
 

 

Photograph G-11.  A-jacks along toe of bank. 

Photograph G-10.  Bank spurs. 

on the outside of meander bends in conjunction with other techniques such as riprap 

or compartmentalized placed fill.  For the most part, log and rock vanes can be used 

interchangeably.  There are some circumstances in which it is difficult to install a log 

vane such as when the water is too deep or the bank is too low to adequately bury and 

anchor the log.  There may be other situations where banks are too high or steep to be 

suitable for use of log vanes.  In these instances, rock vanes may be used rather than 

log vanes. 

 

Variations of the vane are barbs or 

bank spurs.  These are small low rock 

or log structures oriented upstream, 

extending into the stream thalweg (i.e., 

the deepest portion of the river) to 

divert flow away from an eroding bank 

by helping to maintain the thalweg 

towards the center of the channel. 

(Photograph G-10).  Usually a number 

of stream barbs are installed in series 

along the outside of a meander bend 

They differ from log vanes in that they 

typically do not protrude more than a 

third of the way into the river channel.  

Barbs transfer erosive velocity away from the stream bank through interruption of 

currents and cross-stream flow that develop within the meander bend.  Barbs have 

been shown to be effective at redirecting flows and inducing deposition.  They are 

typically used on meander bends with a larger radius of curvature that do not have 

extremely high sheer stress, and/or in sections of the river channel that are over-wide 

to help maintain sediment transport. 

 

3.7 Articulated Concrete 

Articulated concrete structures, of 

which A-Jacks are the most common 

brand, are pre-cast concrete blocks 

consisting of three perpendicular arms 

that are rigidly fixed at the center 

(Photograph G-11).  These structures 

are placed along a toe of slope of bank 

to dissipate the energy of the water 

against the bank and therefore reduce 

erosion, and increase sedimentation.  

Voids in the matrix are often filled with 

soil and stone.  The spacing of the 
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Photograph G-12.  Riprap placed along entire 
bank. 

articulated concrete/A-Jacks allows for the establishment of vegetation between the 

blocks.  The blocks will often collect coarse and fine sediment when functioning 

properly so treated banks naturally revegetate as the systems become embedded in 

the stream bank.  Tree management would be required as described in Section 3.1. 

 

Articulated concrete may be used as an alternative to riprap in circumstances where it 

would not be possible to fully implement other types of bank treatment below the water 

line, such as when stabilization work is being performed while water is flowing in the 

channel.  In these circumstances, a treatment incorporating articulated concrete may 

be used to protect the toe of the bank and prevent scour and undercutting of the bank. 

 

3.8 Rock Riprap 

Stone has long been used to provide 

immediate and permanent riverbank 

protection.  One use of stone is riprap 

which consists of large angular rocks 

placed on the bank to reduce bank 

shear stress and erosion (Photograph 

G-12).  Riprap is one of the most 

effective measures at the toe of a 

slope or unstable bank for preventing 

erosion.  A primary advantage of riprap 

over vegetation is its immediate 

effectiveness with little to no 

establishment period.  Riprap is 

typically placed on banks at a 2:1 

slope but may be used on steeper 

bank slopes of up to 1.5:1.  Stone size, shape, gradation, and density are all important 

design considerations. 

 

In some situations, joint planting is combined with riprap to provide some vegetation.  

Joint planting refers to the insertion of plugs and/or live stakes between the rocks to 

encourage the growth of riparian vegetation.  The planting of cuttings in riprap helps to 

provide longer-term stability once the vegetation becomes established. 

 

In Reaches 5A and 5B, riprap would be used on banks that are under high near-bank 

shear stress.  The bank would be graded to the selected slope (with bank soil removal 

as necessary) and riprap would then be placed from the toe of the bank to a maximum 

of bankfull elevation. Above bankfull elevation, other applicable bank treatments would 

be used, such as coir matting and joint plantings (where appropriate), to revegetate 

the banks with herbaceous and shrub vegetation.  
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Photograph G-13.  Articulated concrete block 
revetment on 1½ Mile Reach. 

3.9 Articulated Concrete Block Revetment 

An articulated concrete block (ACB) revetment system is a matrix of interconnected 

concrete block units installed to provide an erosion resistant revetment.  An ACB 

revetment system consists of concrete block units that are typically connected by 

geometric interlock, cables, ropes, geotextiles, or geogrids to form a mattress.  The 

concrete mattress overlays a geotextile fabric for subsoil retention.   

A variety of proprietary ACB revetment systems are available.  The thickness of the 

blocks typically ranges from 4 to 9 inches.  The blocks are cast into interlocking or non-

interlocking shapes and usually are cabled into mats but can be non-cabled.  The blocks 

may be open cell or closed cell.  Open-cell blocks allow for a greater space for soil to be 

placed into them or for sediment to fill in 

the open areas and to eventually 

become vegetated.  

Articulated concrete block revetments 

are applicable in high-risk applications 

where no additional bank or grade 

movement is desired, particularly in 

areas of very high velocities and shear 

stresses.  Its use is also advantageous 

in areas where reshaping of the banks 

is not desirable or possible.  This 

stabilization measure was used 

selectively on the 1½ Mile Reach of 

the Housatonic (Photograph G-13). 

4. Application of Stabilization Techniques to Housatonic Riverbank 
in Reaches 5A and 5B 

This section describes the process used to analyze banks in Reaches 5A and 5B and 

the methods and assumptions used to identify bank stabilization techniques suited for 

application to the particular geomorphic conditions observed in those sub-reaches. 

Based on the bank conditions in these sub-reaches, stabilization techniques generally 

suitable to each type of condition were identified, as further described below.  Sections 5 

through 8 of this Appendix G present the resulting conceptual bank stabilization plans 

that would apply to remedial alternatives SEDs 5-8, SEDs 3 and 4, SED 9, and SED 10, 

respectively.   
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4.1 Approach and Assumptions 

The first step in selecting an appropriate stabilization technique is to understand the 

physical characteristics and condition of the different bank segments along the 7 miles of 

river (14 miles of riverbank) in Reaches 5A and 5B.  Bank conditions were estimated by 

evaluating aerial photographs, EPA-surveyed cross-sections and bank heights, and field 

observations.   

Aerial photographs were used to identify the geomorphic position (i.e., inside or outside 

meander bends) of riverbanks within Reaches 5A and 5B as well as to characterize the 

meander bends as either tight or broad.  Bank heights and bank angles were calculated 

from cross-sectional data collected by EPA in 1999, when EPA measured and quantified 

the channel cross-sectional geometry at 286 locations between the Confluence and 

Woods Pond.  Using these cross-sectional data, bank height was calculated by 

measuring from the water level, as shown on the cross-section, to the top of bank.  An 

approximate bank angle was also determined from these cross-sections.  This 

information was used to help identify potential treatments by looking at bank height, 

bank angle, and water depth.  Preliminary field observations were used to check bank 

conditions indicated by EPA, as well as to confirm initial characterization of bank 

steepness.   

For purposes of this identification process, “tight” meander bends have been defined as 

those with a Radius of Curvature (Rc) of 200 feet or less.  Rosgen (2006) uses a 2.2:1 

ratio of Rc/bankfull width to calculate moderate or higher near bank shear stress.  Based 

on field observations, bankfull widths in Reaches 5A and 5B appear to be around 70 to 

80 feet, which would indicate a high shear stress for meander bends with an Rc of 154 

to 176 feet or less.  For this evaluation, a conservative Rc of 200 feet was used to 

differentiate between “tight” and “broad” meander bends; this ensured that all outer 

meanders with high shear stress would be identified and grouped together.   

Based upon the range of conditions found along the Housatonic River in Reaches 5A 

and 5B, eight typical bank conditions were identified:   

1) Outside of tight meander bends, banks > 4 feet in height; 

2) Outside of tight meander bends, banks > 4 feet in height, with adjacent deep 

pools;  

3) Outside of tight meander bends, banks < 4 feet in height; 

4) Outside of broad meander bends, banks > 4 feet in height; 
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5) Inside of tight meander bends, typically with point bar formation;5  

6) Straight reaches, banks > 4 feet in height, and under moderate shear stress; 

7) Straight reaches, banks < 4 feet in height, and under moderate near-bank  

shear stress with deep runs; 

8) Depositional banks and banks under low shear stress (variety of heights and 

locations) (see footnote 5 regarding Item 5 above).  

 

As noted above, the assessment of riverbank conditions using the methods described 

above is necessarily preliminary.  A detailed field assessment of bank conditions is not 

appropriate or feasible to support the evaluation of remedial alternatives.  Further 

detailed field documentation and evaluation of bank conditions would be completed 

during the design phase once a remedial alternative has been selected.   

 For purposes of the current analysis, the following assumptions were made: 

 Outside meander bends are typically areas of high shear stress.  As discussed 

above, meanders with an Rc of 200 feet or less were considered to have high 

near-bank shear stress on the outer bank. 

 The insides of meander bends are typically depositional and/or areas of low 

shear stress unless field observations indicated otherwise.  (Field observations 

indicate that a few inside meander bends are under moderate shear stress due 

to an extremely tight radius of curvature.) 

 If erosional areas are observed in a given bank, then that bank is deemed to be 

under high to moderate shear stress.  

 The river channel should be no more than approximately 70 to 80 feet in width 

in riffles/runs to properly transport sediment.  Straight reaches in the 80 to 100 

foot range were observed to have excessive deposition as evidenced by mid 

and side channel bar formation.  Where the channel was over 80 feet in width it 

was considered “over-wide”. 

 Banks that are currently depositional will be depositional following remedial 

activities. 

 In the absence of implementing stabilization measures that redirect flow, the 

thalweg of the channel will not vary greatly from pre- to post-remediation 

condition. 

                                                      

5  There is some overlap between this category and category 8, since the insides of many tight 
meander bends are depositional areas.  However, this category has been identified as a separate 
bank condition because of the presence of point bars.   
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 Bank heights were determined using EPA’s cross-sectional data collected in 

1999 (unpublished information that EPA provided to GE) at numerous locations 

in Reaches 5A and 5B, and measuring bank height, as shown on each cross-

section, to the top of bank.  However, specific data regarding bank height are 

not available for the entirety of Reaches 5A and 5B.  Actual bank heights may 

differ from those estimated for this analysis.  Selected measures would be 

modified as needed in final design to account for differences in bank height from 

those assumed.  

Suitable bank stabilization techniques were then identified for each of the eight typical 

bank conditions in Reaches 5A and 5B.   

4.2 Application of Bank Stabilization Techniques to Particular Riverbank 

Conditions 

For the purposes of development of conceptual bank stabilization plans for the sediment  

remedial alternatives, the banks were grouped into the eight specific types listed above, 

based on each type’s predominant characteristics or conditions that would affect the 

selection of stabilization techniques.  The following describes each of these eight 

different riverbank (and associated river) conditions and the stabilization technique(s) 

that would be appropriate for implementation on that type of riverbank.  

1) Outside of tight meander bends with banks over 4 feet in height   

Banks greater than 4 feet in height on the outside of tight meander bends occur at many 

locations in the 5 miles of Reach 5A and are characterized by high near-bank shear 

stress, typically resulting in a steep erosional face and often lacking vegetation.  

Stabilization would consist of the removal of bank soil as necessary to grade the bank to 

a 2:1 slope.  Riprap would be placed from the toe of the bank to bankfull elevation.  Joint 

plantings of the riprap to augment vegetation and help reduce current velocities would 

occur.  Above the bankfull elevation, the bank would be covered in coir matting and 

replanted with herbaceous vegetation and shrubs.  

Rock or log vanes would be placed either singly or in series extending from the point of 

curvature through the meander bend to the point of tangency.  The vanes would be 

spaced at varying intervals dependent upon the radius of the meander.  In some 

locations, rootwads would be used toward the downstream end of the meander as a 

transition between the meander bend and the riffle to reduce shear stress.  Rootwads 

typically would be used where, based on channel conditions, the thalweg remains along 

one of the banks as it comes out of the meander bend, creating higher shear stress and 

causing erosion.   
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In limited circumstances where there is a steep slope and an adjacent land use near the 

top of the bank that necessitates stable bank conditions, and where sloping the bank is 

not practicable, concrete block revetments can be used to prevent erosion and avoid 

harm to the adjacent structure(s) or land use.  Currently this stabilization treatment is 

prescribed in only one location in Reaches 5A and 5B – on the outside meander bend 

located at River Mile 133.16, where there is a steep slope and a residential area near 

the top of bank.  

2) Outside of tight meander bends with banks greater than 4 feet in height and 

deep pools  

Banks greater than 4 feet in height and having deep pools on the outside of tight 

meander bends are found in several locations below New Lenox Road in the lower 

portion of Reach 5B, where the outside meander bend is adjacent to former agricultural 

fields that are higher than the surrounding floodplain.  The maximum pool depth per 

meander bend ranges from 10 to 18 feet, and the pool extends for a distance around 

each meander bend.  Therefore, the use of flow diversion structures such as vanes or 

spurs as stabilization methods would likely be infeasible.  In this area, flow velocities are 

lower than in upstream areas due to the backwater effects of Woods Pond Dam, but the 

high banks prevent overbank flooding into the floodplain that would release shear stress 

during flood events.   The upper portions of these banks are vegetated with herbaceous 

vegetation in most places. 

These banks would be stabilized by placing riprap from the toe of the bank to the 

ordinary high water line (see footnote 4 above for definition).  Above the ordinary high 

water line, soil would be removed as necessary to form a 2:1 slope, and a brush 

mattress would be installed on the bank.  The ordinary high water line is used in the 

downstream portion of Reach 5B to define the extent of work because bankfull 

indicators are lacking due to the backwater effect of Woods Pond Dam. 

3) Outside of tight meander bends with banks less than 4 feet in height  

Tight meander bends with bank heights less than 4 feet are found in Reach 5B.  Above 

New Lenox Road, in the upper portion of Reach 5B, the backwater effects of Woods 

Pond Dam, while minor, can be observed.  Many of the banks are around 4 feet in 

height and the adjacent pools are 6 to 8 feet deep.  Because the banks are lower than 

typically observed in Reach 5A, shear stress is not as high.  However, the banks are still 

erosional and often vertical and lacking vegetation.  These outside meander bend banks 

would be stabilized by removing soil and rebuilding the bank at a 2:1 slope with 

compartmentalized placed fill.  Vegetation would be planted in the compartmentalized 

placed fill.  Log or rock vanes and root wads would also be used to redirect flow. 
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Below New Lenox Road, the pools in the meander bends with banks less than 4 feet in 

height have maximum depths of 10 to 18 feet and extend for a distance around each 

meander bend.  Therefore, the use of flow diversion structures such as vanes or spurs 

as stabilization methods would likely be infeasible.  In this area, flow velocities are lower 

than in upstream areas, the banks are not as high, and the river more readily reaches 

the adjacent floodplain during flood events.  However, as with the previously-described 

similar banks above New Lenox Road, these outside meander bends are typically under 

moderate shear stress, are steep to moderately steep and erosional, and are mostly 

vegetated in their upper portions. These banks would be stabilized by placing riprap 

from the toe of the bank to the ordinary high water line.  Above the ordinary high water 

line, soil would be removed and a vegetated geogrid would be used to reconstruct and 

stabilize the bank.  The vegetated geogrid would be planted with shrubs and 

herbaceous vegetation. 

4) Outside of broad meander bends 

The outside banks of broad meander bends are under less shear stress than the tight 

meanders described above.  These banks are of varying heights, slopes, and vegetative 

condition.  There are often short erosional areas followed by well-vegetated stretches.   

In most cases, these banks can be stabilized with compartmentalized placed fill in 

combination with log/rock vanes.  In a few areas, the banks would need protecting only 

with coir matting, with log/rock vanes used to redirect flows away from the bank.  A key 

objective would be to re-establish the vegetation to provide stability.  The strategic use of 

prevegetated coir mats would assist in reestablishing vegetation in areas where shear 

stress is slightly higher.   Installation of the compartmentalized placed fill would require 

the removal of soil, while areas stabilized with coir matting would not unless bank slopes 

were greater than 2:1. 

5) Inside of tight meander bends  

Some insides of tight meander bends are stable, while others are unstable.  Those that 

are stable are characterized by low shear stress and are depositional, with a point bar 

developing.  In such areas, the flow coming around the tight meander bend primarily 

affects the outside bank, resulting in low shear stress, deposition, and the formation of a 

point bar on the insides of the bend.  The bank angle in these areas is typically very low 

(4:1 or less).  While the point bar is often considered a river bed feature, the upper 

portion of the bar is actually part of the bank and can be either sparsely or heavily 

vegetated.  These banks are similar to those in Category 8 described below in that they 

are depositional areas.  What sets them apart is that they contain a stable point bar.   

On these banks, the point bar would be rebuilt following sediment remediation and the 

bank would be graded as necessary to a stable geometry.  The upper slopes of the point 
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bar would be covered in coir matting and planted with herbaceous vegetation and 

shrubs.  Pre-vegetated mats could be used on the upper slope of the point bar to help 

initiate vegetative growth.  Downstream of the point bar, a short bankfull bench would be 

built or the bank reconstructed at a gentle slope to help reduce stress on the point bar 

during flood events.  Construction of the bankfull bench would require removal of bank 

soil. 

Because of existing channel geometry, not all inside meander bends are stable or 

contain well-developed point bars.  Those inside meander bends that are unstable are 

characterized by moderate shear stress.  The bank angle in these areas is typically 

steeper than those observed on stable point bar systems.   It is unlikely that a stable 

point bar could be constructed in these meander bends.  These banks would be graded 

to the degree necessary to stabilize them (with bank soil removal as appropriate), 

covered with coir matting, and revegetated with shrubs and herbaceous vegetation. 

6) Straight reaches with banks greater than 4 feet in height and under moderate 

shear stress 

Straight reaches with bank heights greater than 4 feet under moderate shear stress 

occur in several geomorphic locations on the river.  The first are the short straight 

reaches between meander bends.  Typically, as flow comes around the outside of the 

meander bend, the thalweg remains close to that bank, creating slightly higher shear 

stress along that bank than along the opposite bank.  In some other locations, these 

banks may be susceptible to avulsions6 or shoot cutoffs.  

These banks would receive one of three treatments depending upon the anticipated 

amount of shear stress, which is dependent upon the tightness of the meander bend 

(radius of curvature).  Banks that are subject to moderate to high shear stress would be 

stabilized with compartmentalized placed fill.  Banks that are under moderate shear 

stress would have a bankfull bench constructed and covered in coir matting.  In some 

locations where it is determined that the shear stress along the bank may be low, the 

bank would be graded to a degree necessary to be stable and covered with coir matting 

and revegetated.  The treatments involving compartmentalized placed fill and bankfull 

bench construction would require removal of bank soil. 

Other banks greater than 4 feet in height occur along lengthy, relatively straight reaches 

that are often “over-wide,” which leads to the development of the side channel bars. 

These banks are characterized by periodic undercutting or areas of erosion resulting 

from the thalweg “wandering” from one side of the channel to the other as side channel 

                                                      

6 An avulsion is the rapid abandonment of a river channel and the formation of a new river 
channel.  The term meander cutoff is often used to describe this process as well. 
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bars are formed.  The bank with the side channel bar is under low shear stress while the 

opposite bank is under moderate shear stress.   

Such banks would receive several treatments depending upon bank height, length of 

reach, and channel conditions (width, slope).  Banks with low shear stress would be 

graded as necessary, covered with coir matting, and revegetated.  Those that are under 

moderate shear stress would receive a bankfull bench.  In segments that are over-wide, 

the bankfull bench would be constructed into the channel as opposed to being 

excavated from the existing bank.  Banks where the bankfull bench is built into the 

existing bank would require removal of bank soil.  In many of these segments, 

alternating bank spurs would be installed to direct and maintain the thalweg toward the 

center of the channel. 

7) Straight reaches with banks less than 4 feet in height and under moderate 

shear stress 

The lower portion of Reach 5B is influenced by the backwater effects of Woods Pond 

Dam.  In this portion of the river, there are no riffles, and the river channel between the 

meander bends consists of deep (5 to 8 feet) runs.  In some portions of this river 

segment, the thalweg runs along one edge of the channel.  Typically, this occurs on the 

bank downstream of the outside meander bend.  While vegetated, this bank often shows 

signs of periodic erosion, indicating moderate shear stress on the bank. 

These banks would be stabilized by placing riprap from the toe of the bank to the 

ordinary high water line.  Above the ordinary high water line, the bank would be graded 

to a 2:1 slope, covered in coir matting, and revegetated with herbaceous vegetation and 

shrubs.  Grading the slope would require removal of bank soil where the existing slope 

exceeds 2:1. 

8) Depositional banks and banks under low shear stress  

Depositional banks and banks under low shear stress occur throughout Reaches 5A and 

5B in a variety of geomorphic positions.  They are most commonly found in the short 

straight reaches downstream of a point bar on the inside of a tight meander bend.  

Typically, as flow comes around the tight meander bend, the thalweg and main current 

velocities are closer to the opposite bank.  These areas downstream of the point bar are 

initially under little near-bank stress and are often depositional.  There is not a sharp 

demarcation between these banks and those described in Category 5 above.  Often the 

point bar feature transitions into these depositional banks. 

These banks also occur on the inside of broad meander bends, and they can occur on 

either bank on long straight reaches.  In this latter situation, the opposite bank is often 
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under moderate shear stress.  These banks typically have a gentle slope and are 

usually well vegetated with herbaceous and shrub vegetation. 

These banks would be graded as necessary to maintain stability, covered in coir 

matting, and revegetated with herbaceous vegetation and shrubs.  In segments that are 

determined to have slightly higher near-bank stress, a bankfull bench would be 

constructed to reduce shear stress along the bank during periods of higher flow.  While it 

may be necessary to remove bank soil in a few locations to implement this approach, for 

the most part removal of bank soil is not anticipated. 

*  *  *  

Table G-1 summarizes the bank stabilization techniques or combination of techniques 

that have been identified for potential use and lists for each the associated bank 

conditions where such measures have been preliminarily identified for application to 

Reaches 5A and 5B under the sediment remedial alternatives.  
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Table G-1  Application of Bank Stabilization Techniques to Bank Conditions 

Stabilization Technique Geomorphic Position of Bank Meander Bend 

Radius 

Bank Height Shear Stress 

Condition
Concrete Block Revetment Outside meanders < 200 ft > 4 ft Very High 

Riprap with Joint Planting Outside meanders < 200 ft > 4 ft High 

Root Wads Outside meanders < 200 ft > 4 ft High 

Log or Rock Vane Outside meanders NA > 4 ft High 

Bankfull Bench Straight reaches NA > 4 ft Moderate 

Compartmentalized Placed Fill Outside meanders and straight reaches > 200 ft > 4 ft Moderate 

Outside meanders < 200 ft < 4 ft Moderate 

Vegetated Geogrid with Riprap Outside meanders < 200 ft < 4 ft Moderate 

Bank Spurs Straight reaches NA > 4 ft Moderate 

Brush Mattress Outside meanders NA > 4 ft  Moderate 

Coir Matting with Riprap Straight reaches NA < 4 ft Moderate to Low 

Grade Bank/Coir Matting Inside broad meanders and straight reaches > 200 ft All heights Low 

Reshape Point Bars Inside meanders Low < 4 ft Low 

Live Stakes Used in conjunction with other techniques under varying bank conditions 

 

Note:  Articulated concrete may be used as an alternate to riprap, in conjunction with certain techniques, to stabilize the toe of the bank under 

alternatives in which the stabilization work would be performed while water is flowing in the channel.  
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5. Stabilization Approach for SED 5 through SED 8 

In applying the guidelines discussed above, we have first considered the bank 

stabilization techniques for SED 5 through SED 8, since all bank stabilization work in 

Reaches 5A and 5B under those alternatives would be performed in the dry, in 

conjunction with sediment removal, with the river diverted through the use of 

sheetpiles.  This section describes the bank stabilization techniques identified for 

those alternatives.  These stabilization techniques would be subject to modification or 

revision during remedial design.  Under these sediment alternatives, all banks in 

Reaches 5A and 5B (7 miles of river; 14 miles of riverbank) would be stabilized.  The 

conceptual bank stabilization techniques identified for these sub-reaches are depicted 

on Figures G-2 through G-9.   

Selection of the various bank stabilization techniques shown on these figures was based 

on application of the guidelines presented in Table G-1.  However, in certain locations, 

the technique selected deviated from those guidelines based upon observed site 

conditions and use of professional judgment that a different treatment was necessary 

due to in-stream conditions.  These deviations are as follows: 

Reach 5A 

 Mile 135.04 to 135.00 - Left bank – This bank is under high shear stress.  The 

upstream confluence of the West Branch of the Housatonic is forcing the 

thalweg against the left bank.  Riprap and joint plantings would be used to 

stabilize this bank. 

 Mile 134.97 to 134.93 - Left bank – This inside meander bend is very tight and 

lacks a point bar.  A rebuilt point bar would likely be unstable and not remain in 

place.  The bank would be graded as necessary to maintain stability and 

protected with coir matting to allow vegetation to redevelop. 

 Mile 134.30 to 134.18 – Right bank – This bank is very high (30+ feet) and 

composed of native soils.  It is in a long straight reach that normally would be 

graded.  Due to the height of the bank, grading is not practicable.  The toe of the 

bank would be stabilized with riprap and the upper bank would remain 

vegetated. 

 Mile 134.15 to 134.09 – Right bank – Grading and covering with coir would 

normally be prescribed for this location.  However, the entire right bank in this 

location is under moderate to high shear stress.  Compartmentalized placed fill 

would be used to stabilize this bank from the bridge to almost the apex of the 

meander bend. 

 Mile 134.01 to 133.98 – Both banks downstream from the bridge would be 

stabilized with riprap to prevent erosion associated with the bridge during high 

flow events. 
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 Mile 133.07 to 133.04 – Left bank – This bank is erosional and appears to be 

under high shear stress due to in-channel geometry.  The bank would be 

stabilized with riprap and joint plantings as opposed to grading and covering 

with coir matting or building a bankfull bench. 

 Mile 133.04 to 133.02 – Right bank – The bank is relatively low at this location 

of a former avulsion (defined in note 6 above). The outer bank at this meander 

bend is currently building up, and therefore, does not require as rigorous 

armoring.  This bank would be stabilized with compartmentalized placed fill 

instead of riprap and joint plantings. 

 Mile 132.87 to 132.83 – Right bank – The bank is relatively low at this former 

avulsion location.  The outer bank at this meander bend is currently building up.  

This bank would be stabilized with compartmentalized placed fill instead of 

riprap and joint plantings. 

 Mile 131.35 to 131.29 – Right bank – The right bank is under only moderate 

shear stress.  However, due to the presence of the wastewater treatment plant 

next to the river, riprap placed from toe of the bank to bankfull elevation would 

be used to protect this critical infrastructure.  

Reach 5B 

 Mile 128.88 to 128.81 – Right bank – This inside meander bend is relatively 

high and vertical and lacks a stable point bar.  The bank would be graded and 

covered with coir matting to stabilize the bank while vegetation redevelops. 

 Mile 128.78 to 128.70 – Left bank – This inside meander bend is relatively high 

and vertical and lacks a stable point bar.  The bank would be graded and 

covered with coir matting to stabilize the bank while vegetation redevelops. 

 Mile 128.17 to 128.12 – Right bank – This outside meander bend is  under only 

low shear stress because of backwater effects.  Only the lower portion of bank 

would be stabilized with coir matting following remediation.  Along a portion of 

this bank, the upper bank consists of native soils (not fluvial deposits) and would 

not be disturbed if possible.  If disturbance is necessary, the coir matting 

stabilization would occur on the upper bank as well. 

 Mile 128.12 to 128.05– Left bank – This outside meander bend is quite low and 

is under low shear stress due to the backwater effects of Woods Pond. The 

bank would be stabilized with coir matting.  This treatment would be sufficient to 

prevent erosion while vegetation develops following remedial activities. 

 

Under the bank stabilization approach identified for SED 5 through SED 8 (as shown 

on Figures G-2 through G-9), the relative amount of each stabilization technique over 

the entirety of Reaches 5A and 5B is as follows: 
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 Concrete block revetment – 0.3% 

 Riprap and joint planting– 18.4% 

 Compartmentalized placed fill – 16.2% 

 Bankfull bench – 7.9% 

 Coir fabric with riprap (Reach 5B only) – 2.0% 

 Vegetated geogrid with riprap (Reach 5B only) – 2.8% 

 Grade bank and cover with coir matting – 37.3% 

 Reshape point bar and cover with coir matting – 14.3% 

 Brush mattress – 0.8% 

 

Application of these bank stabilization techniques would involve or be accompanied by 

removal of riverbank soil in a number of locations in Reaches 5A and 5B.  In total, 

SED 5 through SED 8 would involve removal of 35,000 cubic yards (cy) of bank soil in 

those sub-reaches. Riverbank soil removal would be required for the following 

treatments: 

 Placement of riprap; 

 Compartmentalized placed fill; 

 Bankfull benches cut into the bank; 

 Vegetated geogrids; and 

 Coir with riprap. 

For the most part, soil removal would not be required when banks are graded and 

covered with coir matting, as grading would result in a stable slope for most of those 

banks.  Grading and soil removal may be necessary in areas where the banks are under 

low shear stress but are relatively steep, in order to achieve a less steep slope. 

The volume of soil removal was calculated using EPA’s cross-sectional data collected in 

1999 (mentioned above).  As noted above, using these cross-sectional data, bank 

height was determined by measuring from the water level, as shown on the cross-

section,7 to the top of bank; and an approximate bank angle was also determined for 

these cross-sections.  A bank height and a bank angle were then assigned to each 

treatment bank.  Soil volumes were estimated by determining the difference between 

existing bank angle and the proposed angle.  

                                                      

7  It is not known what stage this water level represents, but is assumed to be around base flow 
elevation, which is approximately a foot below the ordinary high water elevation. 
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Assumptions used in estimating the removal volumes included the following:  

 All banks with riprap and joint planting would be sloped to 2:1. 

 Bankfull benches would be 5 feet wide and sloped from 2:1 from the toe of the 

bank to the bench and then 2:1 from the bench to top of bank. 

 Bank height was determined as described above (by measuring from the 

water level shown on the EPA cross-section to the top of bank). 

 Compartmentalized placed fill banks would be sloped to 2:1. 

 Vegetated geogrid banks would be sloped to 2:1. 

 Coir matting with riprap would be sloped to 2:1. 

 Rebuilding point bars would not require removal of bank soil. 

 Grading banks in depositional or low shear stress areas would not require 

removal of bank soil.  

6. Stabilization Approach for SED 3 and SED 4 

This section presents the conceptual bank stabilization techniques identified for SED 3 

and SED 4, subject to modification or revision during remedial design.  Like SED 5 

through SED 8, SED 3 and SED 4 would involve stabilization of all riverbanks in 

Reaches 5A and 5B.   

In Reach 5A, the bank stabilization activities under both of these alternatives would be 

conducted in the dry in conjunction with the removal of river sediments.  As a result, 

the conceptual bank stabilization techniques identified for that sub-reach under SED 3 

and SED 4 are the same as those identified for Reach 5A under SED 5 through 

SED 8, as described in Section 5 above.  

In Reach 5B, however, SED 3 would involve monitored natural recovery for the 

sediments in all of Reach 5B, and SED 4 would involve sediment removal through dry 

excavation in the upstream part of that sub-reach and thin-layer capping (to be 

performed in the wet) in the downstream part of that sub-reach (generally downstream 

of New Lenox Road).  Therefore, bank stabilization activities in all of Reach 5B under 

SED 3 and in the downstream part of Reach 5B under SED 4 would be performed from 

the riverbank while water is present in the river.  In these circumstances, some of the 

riverbank stabilization techniques for those areas would be modified from those 

described above, because implementation of some of the techniques identified for 

SED 5 through SED 8 would be impractical or dangerous while flowing water is present.  

As a result, the stabilization techniques identified for Reach 5B under SED 3 and for the 

downstream portion of Reach 5B under SED 4 would need to be modified.  Those 

modifications include the following: 
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 Use of vanes to reduce near-bank shear stress and modify flow in outer meander 

bends would be limited by water depth.  Construction of log vanes would not be 

practical in pools exceeding 4 feet in depth, as it would be difficult to anchor the 

end of such vanes in the river channel; and construction of vanes from rock or 

riprap would not be practical in pools with a depth of 6 feet or greater.  Thus, rock 

vanes or riprap (extending from toe of the bank to a maximum of bankfull 

elevation) would be used in place of log vanes in areas with depths of 4 to 6 feet, 

and vanes could not be used at all in pools with a depth of 6 feet or greater. 

 Rebuilding point bars in Reach 5B would not be necessary as no sediment 

removal would be performed.  All inside meander bends would be subject to 

grading and covering with coir matting. 

 Use of compartmentalized placed fill would be limited.  Compartmentalized placed 

fill could be placed above the ordinary high water level, but constructing a solid 

foundation for the bags might not be possible in all areas.  At a minimum, it would 

be necessary to armor the toe of the bank below the bags with riprap or A-jacks to 

prevent undercutting.  In areas where use of compartmentalized placed fill is 

determined to be infeasible due to soil/sediment conditions (e.g., very wet or 

lacking sufficient strength), it would be necessary to use riprap with joint plantings 

to stabilize the banks.   

 Placement of coir matting below the ordinary high water level would not be 

practicable.  In some areas, the matting would be placed to about 1 foot above 

that level and the remaining portion of the bank and the bank below the ordinary 

high water level would be stabilized with riprap or A-jacks.  Banks that are 

considered depositional would not need treatment below the ordinary high water 

level. 

 Similarly, in constructing bankfull benches, coir matting on the lower portion of the 

bench would be anchored with riprap or A-jacks. 

 

Bank treatments of riprap with joint plantings, brush mattresses, vegetated geogrid, and 

coir matting with riprap, would not require modification. 

For SED 3, the conceptual bank stabilization techniques identified for Reaches 5A and 

5B – which are the same as those for SED 5 though 8 in Reach 5A and include 

modifications in Reach 5B – are depicted on Figures G-10 through G-17.  Under this 

approach, the relative amount of each stabilization technique over the entirety of 

Reaches 5A and 5B under SED 3 is as follows: 

 Concrete block revetment – 0.3% 

 Riprap and joint planting – 18.4% 
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 Compartmentalized placed fill – 8.2% 

 Compartmentalized placed fill with riprap (Reach 5B only) – 8.0% 

 Bankfull bench – 7.0% 

 Bankfull bench with riprap (Reach 5B only) – 0.9% 

 Coir fabric with riprap (Reach 5B only) – 2.0% 

 Vegetated geogrid with riprap (Reach 5B only) – 2.8% 

 Grade bank and cover with coir matting – 42.9% 

 Reshape point bar and cover with coir matting – 8.7% 

 Brush mattress – 0.8% 

For SED 4, the conceptual bank stabilization techniques identified for Reaches 5A and 

5B – which are the same as those for SED 5 though 8 in Reach 5A and the upstream 

portion of Reach 5B and include modifications (as described above) in the downstream 

portion of Reach 5B – are depicted on Figures G-18 through G-25.  Under this 

approach, the relative amount of each stabilization technique over the entirety of 

Reaches 5A and 5B under SED 4 is listed below.  (These relative amounts are the same 

as those identified for SED 3 except for compartmentalized placed fill and such fill with 

riprap.) 

 Concrete block revetment – 0.3% 

 Riprap and joint planting – 18.4% 

 Compartmentalized placed fill – 15.2% 

 Compartmentalized placed fill with riprap (downstream part of Reach 5B only) 

– 1.0% 

 Bankfull bench – 7.0% 

 Bankfull bench with riprap (downstream part of Reach 5B only) – 0.9% 

 Coir fabric with riprap (Reach 5B only) – 2.0% 

 Vegetated geogrid with riprap (Reach 5B only) – 2.8% 

 Grade bank and cover with coir matting – 42.9% 

 Reshape point bar and cover with coir matting – 8.7% 

 Brush mattress – 0.8% 

Under both SED 3 and SED 4 (as with SED 5 through SED 8), application of these 

bank stabilization techniques would involve or be accompanied by removal of 

riverbank soil in a number of locations in Reaches 5A and 5B.  For these alternatives, 

the total volume of bank soil removal, the stabilization treatments with which such soil 
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removal would be associated, and the methods for and assumptions used in 

calculating the volume of soil removal are the same as those described in Section 5 

for SED 5 through SED 8.  Like those alternatives, SED 3 and SED 4 would each 

involve removal of a total of 35,000 cy of bank soil.   

7. Stabilization Approach for SED 9 

SED 9 would likewise involve stabilization of the riverbanks in Reaches 5A and 5B, 

including removal of 35,000 cy of bank soils.  However, SED 9 would differ from the 

sediment alternatives discussed above in that it would involve performance of the 

bank stabilization and bank soil removal work in both Reaches 5A and 5B in the wet 

while water is flowing in the channel, using equipment operating from the river bottom 

in Reach 5A and barge-mounted equipment in Reach 5B.   

 

In these circumstances, some of the riverbank stabilization techniques have been 

modified for SED 9, because (as noted above for SED 3 and SED 4 in Reach 5B) 

implementation of some of the techniques identified for SED 5 through SED 8 is 

impractical while water is flowing in the channel.  The presence of flowing water 

decreases visibility and is inherently more dangerous.  Additionally, shaping of sands 

and fine sediments (such as in constructing a point bar) is not practical in the wet, as 

the substrate will not hold form and will wash away.  Most of the modifications 

necessary for SED 9 are the same as those described in Section 6 for the SED 3 and 

SED 4 bank stabilization work in Reach 5B areas where the work would be performed 

in the wet.  In addition, the bank stabilization under SED 9 would require  additional 

modifications for techniques not used in Reach 5B under SED 3 or SED 4.  Those 

additional modifications are as follows: 

 Fine shaping and grading of the lower portion of the point bars would not be 

possible in the wet.  To help promote point bar development, the general shape of 

the lower point bar would be constructed using coarse gravel or larger material.   

 While concrete block revetment matting would still be used, the revetment mat 

would only extend to the ordinary high water level.  Riprap would be used to 

stabilize the bank below the concrete revetment mat to the toe of the bank.   

 

Bank treatments of riprap, brush mattresses, vegetated geogrid, and coir matting with 

riprap would not require modification for SED 9. 

Figures G-26 through G-33 show the stabilization treatments that would be used under 

SED 9.  Under this approach, the relative amount of each stabilization technique over 

the entirety of Reaches 5A and 5B under SED 9 is as follows:   

 Concrete block revetment with riprap – 0.3% 
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 Riprap and joint planting– 21.0% 

 Compartmentalized placed fill with riprap – 13.4% 

 Bankfull bench with riprap – 7.8% 

 Coir fabric with riprap (Reach 5B only) – 14.4% 

 Vegetated geogrid with riprap (Reach 5B only) – 2.8% 

 Grade bank and cover with coir matting – 25.2% 

 Reshape point bar and cover with coir matting – 14.3% 

 Brush mattress – 0.8%  

Again, as with the alternatives discussed above, application of these bank stabilization 

techniques in SED 9 would involve or be accompanied by removal of riverbank soil in 

a number of locations in Reaches 5A and 5B, with a total removal of 35,000 cy.  The 

stabilization treatments with which such bank soil removal would be associated, as 

well as the methods for and assumptions used in calculating the volume of soil 

removal, are the same as those described in Section 5 for SED 5 through SED 8.  

8. Stabilization Approach for SED 10 

Under SED 10, riverbank stabilization and associated bank soil removal would occur 

only in selected riverbank areas in Reaches 5A and 5B, based on criteria described in 

the text of this Revised CMS Report.  The areas subject to stabilization under SED 10 

total 1.6 miles and represent approximately 12% of the overall length of the riverbanks 

in Reaches 5A and 5B.  The bank stabilization in Reach 5A would be performed in the 

dry, in conjunction with sediment remediation, while the river is diverted by sheetpiles; 

and the bank stabilization in Reach 5B would be performed in the wet from the top of 

the bank since SED 10 would not involve any sediment remediation in Reach 5B. 

This partial or intermittent approach to stabilizing riverbanks is a standard practice.  A 

review of river stabilization projects constructed in the past 15 years reveals that 

riverbank stabilization is often undertaken on discrete or intermittent portions of banks 

along a given river stretch, as would occur under SED 10.  Such projects are 

undertaken at a wide range of scales ranging from <100 feet to thousands of feet, may 

include one or both banks, and may include one or multiple stabilized areas.  Various 

guidance documents recognize this approach and incorporate, explicitly or implicitly, 

the associated need to consider in design the potential impacts of the stabilization 

measures on non-stabilized areas of the riverbank both upstream and downstream of 

the stabilized banks (e.g., Federal Interagency Stream Restoration Working Group 

(FISWRG), 2001; VDCR, 2004; Fischenich, 2001; USACE, 1997). 
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Where upstream and downstream impacts of the stabilization measures on non-

stabilized banks occur, they appear to be most often associated with traditional 

stabilization measures such as bank armoring with concrete and other smooth materials.  

These “hard” techniques tend to transfer scouring and erosion problems downstream by 

reducing bank roughness and increasing velocity (Li and Eddleman, 2002).   Even 

traditional armoring techniques such as riprap, however, rarely affect the channel more 

than a few feet upstream and downstream (Fischenich, 2001).  Moreover, 

bioengineering techniques are typically used in intermittent bank stabilization 

applications.  Those techniques use vegetation, rocks, and vanes, all of which serve to 

reduce flow velocity, dissipate and redistribute energy, and reduce erosional forces in 

the stabilized area (USACE, 1997; Li and Eddleman, 2002).  Vegetation on the banks 

tends to increase channel roughness, thus lowering velocity.  Vanes and spurs dissipate 

flow velocity and direct flow away from the banks towards the center of the channel.   As 

a result, these techniques prevent or minimize energy displacement that could affect 

adjacent or nearby bank segments.   

There are a number of examples where stabilization of intermittent bank segments 

along a longer stretch of river has been successfully implemented with the 

involvement and/or funding of resource agencies.  In the New England region, for 

example, the Franklin Regional Council of Governments (FRCOG) sponsored the 

Turners Falls/Northfield Mountain project to stabilize 13 bank segments on the 

Connecticut River, totaling approximately 11,470 linear feet of riverbank.  FRCOG’s 

evaluation of this project indicated that the use of bioengineering stabilization methods 

in these locations successfully stabilized eroding banks and slopes while protecting 

the integrity of non-stabilized sections of the river (FRCOG, 2003 and 2010).  Another 

example is a project performed by the White River Partnership (a partnership among 

the U.S. Forest Service, Natural Resource Conservation Service, U.S. Fish and 

Wildlife Service, and Vermont Agency of Natural Resources) to stabilize three bank 

segments on the White River ranging in length from 300 to 800 feet to address specific 

erosion problems.  EPA has identified the White River project, among other Case 

Study Watersheds, as illustrative of successful bank restoration (USEPA, 2006).  

To develop conceptual bank stabilization techniques for SED 10, we first selected 

conceptual stabilization measures for the bank segments that were identified for 

remediation/stabilization under SED 10 in the August 2009 Work Plan for Evaluation of 

Additional Remedial Alternatives.  Selection of those measures was based on 

application of the same guidelines used for the other alternatives (as they would 

pertain to the identified bank segments), with the modifications for Reach 5B to include 

bank treatments that can be implemented while water is present in the river.  A 

preliminary analysis was then performed, consistent with the guidance referenced 

above, to evaluate the potential impacts of the stabilization measures in those bank 

areas on the proximate upstream and downstream banks that would not be stabilized.  

This evaluation included an analysis of each of the 25 bank segments identified for 
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remediation/stabilization in the August 2009 Work Plan.  For 18 of those segments, it 

was determined that additional stabilization would not be necessary to address 

potential impacts to upstream or downstream non-stabilized banks.  The preliminary 

analysis showed that, in most cases, the identified stabilization treatments, while 

stabilizing erodible banks, started and ended on stable banks that were under low to 

moderate shear stress, and that the identified stabilization methods would not shift 

erosive forces to upstream or downstream banks.   

 

However, this preliminary analysis indicated the need to extend the bank stabilization 

identified in the 2009 Work Plan at seven locations, to avoid or minimize adverse 

impacts on non-stabilized banks.  These extensions were necessary to allow for the 

placement of vanes, to prevent undercutting of stabilization measures, and to stabilize 

adjacent erosional banks.  The resulting bank stabilization areas and measures for 

SED 10, including those extensions, are shown on Figures G-34 through G-40.   

 

The seven areas in which the originally proposed bank stabilization for SED 10 has 

been extended to address potential impacts on proximate banks are as follows:  

 Mile 133.85 to 133.84, Left bank – A small bend in the bank is functioning as a 

meander bend and the thalweg is running along this bank creating bank 

erosion.  Extending the stabilization upstream to a point where the thalweg is 

further from the bank and the bank is under lower shear stress would prevent 

undermining of the SED 10 stabilization in this meander bend.  

 Mile 133.51 to 133.48, Left bank – This outside meander bend is under high 

shear stress.  The stabilization would be extended upstream to encompass 

the entire meander bend to prevent undermining of the SED 10 stabilization 

and to allow for placement of a log/rock vane.  The left bank downstream is 

also erosional and stabilization measures would be extended downstream to 

the beginning of the next meander bend where the near bank stress is low. 

 Mile 133.20 to 133.16, Right bank – This outside meander bend is under high 

shear stress.  Stabilization measures would be extended upstream to 

encompass most of the meander bend to prevent undermining of the SED 10 

stabilization on this bank. 

 Mile 133.12 to 133.10, Right bank – Erosion along this bank extends 

downstream to Mile 133.07.  Stabilization measures would be extended 

downstream to encompass this existing erosion. 

 Mile 131.51 to 131.48, Left bank – The entire outside meander is under high 

shear stress.  Stabilization measures would be extended upstream to allow for 

the placement of a log/rock vane to reduce shear stress on this bank and to 

prevent undermining of the SED 10 stabilization at this location. 
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 Mile 129.71 to 129.66. Left bank - The entire outside meander is under high 

shear stress.  Stabilization measures would be extended upstream to allow for 

the placement of log/rock vanes to reduce shear stress on this bank and to 

prevent undermining of the SED 10 stabilization in this meander bend. 

 Mile 129.2 to 129.17, Left bank – This outside meander bend is under high 

shear stress.  Stabilization measures would be extended upstream to allow for 

placement of a log/rock vane and to prevent undermining of the SED 10 

stabilization in this meander bend. 

 

Under the bank stabilization approach identified for SED 10, the relative amount of 

each stabilization technique over the limited portions of Reaches 5A and 5B subject to 

stabilization (including the above-described extensions) is as follows, with the total 

length of Reaches 5A and 5B subject to each technique shown in parentheses:8 

 Concrete block revetment – 2.5% of stabilized area (0.3% of Reaches 5A 

and 5B) 

 Riprap and joint planting – 46.6% of stabilized area (5.4% of Reaches 5A 

and 5B) 

 Compartmentalized placed fill – 11.9% of stabilized area (1.4% of Reaches 5A 

and 5B)  

 Compartmentalized placed fill with riprap – 20.8% of stabilized area (2.4% of 

Reaches 5A and 5B) 

 Bankfull bench – 5.3% of stabilized area (0.6% of Reaches 5A and 5B) 

 Grade bank and cover with coir matting – 12.9% of stabilized area (1.5% of 

Reaches 5A and 5B) 

Application of these bank stabilization techniques would involve or be accompanied by 

removal of riverbank soil at the selected locations in Reaches 5A and 5B.  The amount 

of sediment removal was calculated as described in Section 5.  In total, SED 10 would 

involve removal of 6,700 cy of bank soil in Reaches 5A and 5B.  

During final remedial design, a more detailed evaluation would be made of the 

potential impacts of the identified bank stabilization measures for SED 10, via energy 

displacement, on non-stabilized areas of the riverbank immediately upstream and 

downstream of the stabilized banks.  If it is determined that negative impacts on 

stability would occur in any additional areas, further adjustments incorporating 

                                                      

8  As noted above, bank stabilization under SED 10 would be performed on a total of only 
approximately 12% of the riverbanks in Reaches 5A and 5B.   
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appropriate bioengineering practices would be implemented at those locations to 

address the impacts. 

9. References 

Fischenich, C.  2001.  Impacts of Stabilization Measures. ERDC TN-EMRRP-SR-32. 

U.S. Army Corps of Engineers, Research and Development Center, Environmental 

Laboratory, Vicksburg, MS. 

FISRWG.  2001.  Stream Corridor Restoration:  Principles, Processes, and Practices.  

By the Federal Interagency Stream Restoration Working Group (FISRWG)(15 Federal 

agencies of the US Government).   GPO Item No. 0120-A; SuDocs No. A 

57.6/2:EN3/PT.653.  ISBN-0-934213-59-3.  

http://www.nrcs.usda.gov/technical/stream_restoration/newgra.html. 

FRCOG.  2003.  Connecticut River Watershed Restoration - Phase II Project 00-

04/319 2000-2003. The Franklin Regional Council of Governments 

FRCOG. 2010. Connecticut River Watershed Restoration. Lessons Learned from 

Phase II Site Construction and Monitoring. As presented on the Franklin Regional 

Council of Governments Website. 

http://www.restoreconnriver.org/lessons_learned.php 

Harman, W.  2004. Design Improvements of Meander Bend Protection Using Root 

Wads.  2004 Stream Restoration Conference, Winston-Salem, NC. 

Leopold, L. B., M. G. Wolman, and J. P. Miller. 1964. Fluvial Process in 

Geomorphology. W.H. Freeman and Co.  San Francisco. 504 pp. 

Li, M. H., and K. E. Eddleman.  2002.  “Biotechnical engineering as an alternative to 

traditional engineering methods: A biotechnical streambank stabilization design 

approach.” Landscape and Urban Planning 60:225-242.  

NRCS-Lake County Stormwater Management Commission. 2002.  Streambank and 

Shoreline Protection Manual.    

 

Rosgen, D. 2006. Watershed Assessment of River Stability and Sediment Supply 

(WARSSS). Wildland Hydrology.  Fort Collins. CO. 

USACE. 1997. Bioengineering for Streambank Erosion Control Report 1 Guidelines. 

Technical Report EL-97-8.  US Army Corps of Engineers Waterways Experiment 

Station. 



              

G-38 

  

October 2010 
 Appendix G-Riverbank 

Stabilization Techniques 
 

 

US Environmental Protection Agency (USEPA). 2006. National Showcase 

Watersheds.  http://www.epa.gov/owow/showcase/showcasewatersheds.pdf 

Virginia Department of Conservation and Recreation (VDCR). 2004.  The Virginia 

Stream Restoration and Stabilization Best Management Practices Guide. 

 

Wynn, T., S. Mostaghimi, J. Burger, A. Harpold, M. Henderson, and L. Henry. 2004. 

Ecosystem Restoration Variation in Root Density along Stream Banks. J. Environ. 

Qual. 33:2030–2039 (2004). 

 



1

135

134.4

134.5

134.6

134.7

134.8

134.9

135.1

Legend

River Mile

Bank Spur

Log or Rock Vane

Root Wad

Concrete Block Revetment 

Riprap

Compartmentalized Fill

Bankfull Bench

Vegetated Geogrid with Riprap

Brush Mattress

Coir with Riprap

Grade Bank/Coir Matting

Reshape Point Bar

Figure

G-2

SED 5 Through SED 8
Conceptual Bank Stabilizationµ

0 100 20050 Feet

1 inch = 200 feet



Apply riprap along toe of slope only
do not apply on upper slope

Build bankfull bench into channel

134

133.6

133.7

133.8

133.9

134.1

134.2

134.3
134.4

Legend

River Mile

Bank Spur

Log or Rock Vane

Root Wad

Concrete Block Revetment 

Riprap

Compartmentalized Fill

Bankfull Bench

Vegetated Geogrid with Riprap

Brush Mattress

Coir with Riprap

Grade Bank/Coir Matting

Reshape Point Bar

Figure

G-3

SED 5 Through SED 8
Conceptual Bank Stabilizationµ

0 100 20050 Feet

1 inch = 200 feet



133

132.6

132.7

132.8

132.9 133.1

133.2

133.3

133.4

133.5133.6

133.7

Legend

River Mile

Bank Spur

Log or Rock Vane

Root Wad

Concrete Block Revetment 

Riprap

Compartmentalized Fill

Bankfull Bench

Vegetated Geogrid with Riprap

Brush Mattress

Coir with Riprap

Grade Bank/Coir Matting

Reshape Point Bar

Figure

G-4

SED 5 Through SED 8
Conceptual Bank Stabilizationµ

0 100 20050 Feet

1 inch = 200 feet



Build bankfull bench into channel

132

133

131.9

132.1

132.2

132.3

132.4

132.5

132.6

132.7

132.8

132.9 133.1

133.2

Legend

River Mile

Bank Spur

Log or Rock Vane

Root Wad

Concrete Block Revetment 

Riprap

Compartmentalized Fill

Bankfull Bench

Vegetated Geogrid with Riprap

Brush Mattress

Coir with Riprap

Grade Bank/Coir Matting

Reshape Point Bar

Figure

G-5

SED 5 Through SED 8
Conceptual Bank Stabilizationµ

0 100 20050 Feet

1 inch = 200 feet



Build bankfull bench into channel
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Channel behind island has filled in
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Apply riprap along toe of slope only
do not apply on upper slope

Build bankfull bench into channel
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Build bankfull bench into channel
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Build bankfull bench into channel
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Apply riprap along toe of slope only
do not apply on upper slope

Build bankfull bench into channel
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Build bankfull bench into channel
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Build bankfull bench into channel
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Apply riprap along toe of slope only
do not apply on upper slope

Build bankfull bench into channel
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Build bankfull bench into channel

132

133

131.9

132.1

132.2

132.3

132.4

132.5

132.6

132.7

132.8

132.9 133.1

133.2

Legend

River Mile

Bank Spur

Root Wad

Log or Rock Vane

Concrete Block Revetment with Riprap

Riprap

Coir with Riprap

Compartmentalized Fill with Riprap

Brush Mattress

Bankfull Bench with Riprap

Vegetated Geogrid with Riprap

Grade Bank/Coir Matting

Reshape Point Bar

Figure

G-29

SED 9
Conceptual Bank Stabilizationµ

0 100 20050 Feet

1 inch = 200 feet



Build bankfull bench into channel
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Channel behind island has filled in
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Apply riprap along toe of slope only
do not apply on upper slope

Extended upstream 70 ft to encompass
entire outer meander bend
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Extended upstream 75 ft to 
encompass entire outer 
meander bend and allow for
placement of vane

Extended downstream 
250 ft  through area of 
high near-bank stress

Extended upstream 110 ft to
encompass entire outer meander bend

Extended downstream 85 ft to 
cover existing erosional bank
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Extended upstream 110 ft to
encompass entire outer meander bend

Extended downstream 85 ft to 
cover existing erosional bank
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Extended upstream 70 ft to 
allow for placement of vane
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Extended upstream 200 ft to 
cover entire outer meander and 
to allow for placement of vanes
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Extended upstream 75 ft to
allow for placement of vane

Extend
cover e
to allow
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