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VEGETATIVE STREAMBANK STABILIZATION

This practice standard has been adapted from the Natural Resource Conservation  

Service National Engineering Handbook, Part 654, Technical Supplement  
14I, Streambank Soil Bioengineering.  At publication this document was not 

listed online with older NRCS publications, but was available through NRCS 

eDirectives at http://policy.nrcs.usda.gov/viewerFS.aspx?id=3491

Land disturbing activity involving streams, wetlands or other waterbodies 

may also require permitting by the U.S. Army Corps of Engineers or the N.C. 

Division of Water Quality.  Approval of an erosion and sedimentation control 

plan is conditioned upon the applicant’s compliance with federal and State 

water quality laws, regulations, and rules.  Additionally, a draft plan cannot 

be approved if implementation of the plan would result in a violation of rules 

adopted by the Environmental Management Commission to protect riparian 

buffers along surface waters.  Care should be taken in selecting vegetative 

stabilization of streambanks, wetlands and riparian buffers to comply with 

permitting requirements of other agencies, as well as provide adequate ground 

cover.

Stabilizing streambanks with natural vegetation has many advantages over 

hard armor linings. Compared to streams without vegetated banks, streams 

with well-stabilized vegetation on their banks have better water quality and 

fish and wildlife habitats. Vegetation is an extremely important component 

of biological and chemical health, as well as the stability of the system.  

Streambank soil bioengineering is defined as the use of live and dead plant 

materials in combination with natural and synthetic support materials for 

slope stabilization, erosion reduction, and vegetative establishment (Allen and 

Leech 1997). Streambank soil bioengineering uses plants as primary structural 

components to stabilize and reduce erosion on streambanks, rather than just 

for aesthetics. As a result of increased public appreciation of the environment, 

many Federal, state, and local governments, as well as grass roots organizations, 

are actively engaged in implementing soil bioengineering treatments to stabilize 

streambanks.

Riparian planting zones

Success of streambank soil bioengineering treatments depends on the initial 

establishment and long-term development of riparian plant species.  It is 

important to note the location and types of existing vegetation in and adjacent 

to the project area. The elevation and lateral relationships to the stream can 

be described in terms of riparian planting zones.  Proposed streambank soil 

bioengineering techniques should also be assessed and designed in terms of 

the location of the plants relative to the stream and water table. These riparian 

planting zones can be used to determine where riparian species should be 

planted in relation to the waterline during different periods of flow. Figure 6.72a 

illustrates an idealized depiction of riparian planting zones.

Toe zone—This zone is located below the average water elevation or baseflow. 

The cross-sectional area at this discharge often defines the limiting biologic 

condition for aquatic organisms. Typically, this is the zone of highest stress. 

It is vitally important to the success of any stabilization project that the toe 

is stabilized. Due to long inundation periods, this zone will rarely have any 
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woody vegetation.  Often riprap or another type of inert protection is required 

to stabilize this zone.

Bank zone—The bank zone is located between the average water elevation 

and the bankfull discharge elevation. While it is generally in a less erosive 

environment than the toe zone, it is potentially exposed to wet and dry cycles,  

ice scour, debris deposition, and freeze-thaw cycles. The bank zone is generally 

vegetated with early colonizing herbaceous species and flexible stemmed 

woody plants such as willow, dogwood, elderberry, and low shrubs. Sediment 

transport typically becomes an issue for flows in this zone, especially for 

alluvial channels.

Bankfull channel elevation—Bankfull stage is typically defined at a point 

where the width-to-depth ratio is at a minimum. Practitioners use other 

consistent morphological indices to aid in its identification. Often, the 

flow at the bankfull stage has a recurrence interval of 1.5 years. Due to the 

high velocities and frequent inundation, some high risk streambank soil 

bioengineering projects frequently incorporate hard structural elements, such 

as rock, below this elevation. Where there is a low tolerance for movement, 

many projects rely on inert or hard elements in this zone. Bankfull flow is 

often considered to be synonymous with channel-forming discharge in stable 

channels and is used in some channel classification systems, as well as for an 

initial determination of main channel dimensions, plan, and profile. In many 

situations, the channel velocity begins to approach a maximum at bankfull 

stage. In some cases, on wide, flat flood plains, channel velocity can drop as 

the stream overtops its bank and the flow spills onto the flood plain. In this 

situation, it may be appropriate to use the bankfull hydraulic conditions to 

assess stability and select and design streambank protection. However, when 

the flood plain is narrower or obstructed, channel velocities may continue to 

increase with rising stage. As a result, it may also be appropriate to use a 

discharge greater than bankfull discharge to select and design streambank 

protection treatments.

Overbank zone—This zone is located above the bankfull discharge elevation. 

This typically flat zone may be formed from sediment deposition. It is 

sporadically flooded, usually about every 2 to 5 years. Vegetation found in this 

zone is generally flood tolerant and may have a high percentage of hydrophytic 

plants. Shrubby willow with flexible stems, dogwoods, alder, birch, and others 

may be found in this zone. Larger willows, cottonwoods, and other trees may 

be found in the upper end of this zone.

Transitional zone—The transitional zone is located between the overbank 

elevation and the flood-prone elevation. This zone may only be inundated 

every 50 years. Therefore, it is not exposed to high velocities except during 

high-water events. Larger upland species predominate in this zone. Since it 

is infrequently flooded, the plants in this zone need not be especially flood 

tolerant.

Upland zone—This zone is found above the floodprone elevation. Erosion 

in this zone is typically due to overland water flow, wind erosion, improper 

farming practices, logging, development, overgrazing, and urbanization. 

Under natural conditions the upland zone is typically vegetated with upland 

species.
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Plants for soil bioengineering

Consult local expertise and guidelines when selecting the appropriate plant 

material. Where possible, it is best to procure harvested cuttings from areas 

that are similar in their location, relative to the stream. Installation will be 

most successful where the soil, site, and species match a nearby stable site. 

Harvest three or more species from three to five different locations.

Woody plants

Adventitiously rooting woody riparian plant species are used in streambank 

soil bioengineering treatments because they have root primordia or root buds 

along the entire stem. When the stems are placed in contact with soil, they 

sprout roots. When the stem is in contact with the air, they sprout stems and 

leaves.  This ability to root, independent of the orientation of a stem, is a 

reproductive strategy of riparian plants that has developed over time in response 

to flooding, high stream velocities, and streambank erosion.  Many woody 

riparian plant species root easily from dormant live cuttings. They establish 

quickly and are fast-growing plants with extensive fibrous root systems. These 

plants are typically hardy pioneer species that can tolerate both inundation and 

drought conditions.  The keystone species that meet these criteria are willows, 

cottonwoods, and shrub dogwoods. These traits allow their use in treatments 

such as fascines, brush mattress, brush layer, and pole cuttings. Typically, the 

most consistently successful rooting plants are the willow (Salix spp.). Data 

from projects nationwide indicate that shrub willows root successfully on 

average 40 to 100 percent of the time. Shrub dogwoods (Cornus spp.), on the 

other hand, are more variable in their rooting success, ranging from 10 to 90 

percent, but more typically averaging in the 30 to 60 percent range. Rooting   

Figure 6.72a



6

6.72.4 Rev. 5/08

success of both willows and dogwoods can be affected by the timing of planting, 

age of the material used, handling and storage, installation procedures, and 

placement in the proper hydrologic regime on the streambank. Cottonwoods 

and poplars (Populus spp.) have also been used successfully in streambank soil 

bioengineering. However, typical riparian species such as birches (Betula spp.) 

and alders (Alnus spp.) do not root well from unrooted hardwood cuttings; 

therefore, they are not suitable for certain soil bioengineering techniques such 

as poles or live stakes. They are, however, useful as rooted plant stock for 

many soil bioengineering measures including hedgelayers, branch packing, 

cribwalls, vegetated reinforced soil slopes, and live siltation construction. 

Additionally, these and other species can be included in a riparian seed mix 

or installed as rooted plants as part of the stream and riparian restoration. In 

some cases, a pilot study will allow wise selection of some nonstandard plant 

materials by testing how effectively locally available genotypes are adapted to 

soil and hydrologic conditions on site.

Limiting velocity and shear criterion

The effects of the water current on the stability of any streambank protection 

treatment must be considered. This evaluation includes the full range of flow 

conditions that can be expected during the design life of the project. Two 

approaches that are commonly used to express the tolerances are allowable 

velocity and allowable shear stress.

Flow in a natural channel is governed in part by boundary roughness, gradient, 

channel shape, obstructions, and downstream water level. If the project 

represents a sizable investment, it may be appropriate to use a computer 

model such as the U.S. Army Corps of Engineers (USACE) HEC–RAS 

computer program to assess the hydraulic conditions. However, if a normal 

depth approximation is applicable, velocity can be estimated with Manning’s 

equation. It is important to note that this estimate will be an average channel 

velocity. In some situations, the velocity along the outer bank curves may be 

considerably larger. The average shear stress exerted on a channel boundary 

can be estimated with the equation provided below, assuming the flow is 

steady, uniform, and two dimensional.

 = RSf where:

 = average boundary shear (lb/ft2)

 = specific weight of water (62.4 lb/ft3)

R = hydraulic radius (A/P, but can be approximated as depth in wide 

channels)

Sf = friction slope (can be approximated as bed slope)

The local maximum shear can be up to 50 percent greater than the average 

shear in straight channels and larger along the outer banks of sinuous 

channels. Temporal maximums may also be 10 to 20 percent larger, as well.  

Recommendations for limiting velocity and shear vary widely Table 6.72a. Not 

all techniques presented in this technical supplement are noted in this table. 

However, the designer can compare techniques with similar attributes to those 

listed in the table to estimate the limiting shear.  The designer should proceed 

cautiously and not rely too heavily on these values. Judgment and experience 

should be weighed with the use of this information. The recommendations in 

Table 6.72a were empirically determined and, therefore, are most applicable 

to the conditions in which they were derived. The recommendations must be
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scrutinized and modified according to site-specific conditions such as duration 

of flow, soils, temperature, debris and ice load in the stream, plant species, as 

well as channel shape, slope and planform. Specific cautions are also noted 

in the table. However, there are anecdotal reports that mature and established 

practices can withstand larger forces than those indicated in Table 6.72a.

Table 6.72a Compiled permissible shear stress levels for streambank soil bioengineering practices

Permissible shear stress Permissible velocity
Practice (lb/ft2)* (ft/s)*

Live poles Initial: 0.5 to 2 Initial: 1 to 2.5 

(Depends on the length of the poles and nature of the soil) Established: 2 to 5+ Established: 3 to 10 

Live poles in woven coir TRM Initial: 2 to 2.5 Initial: 3 to 5 

(Depends on installation and anchoring of coir) Established: 3 to 5+ Established: 3 to 10 

Live poles in riprap (joint planting) Initial: 3+ Initial: 5 to 10+ 

(Depends on riprap stability) Established: 6 to 8+ Established: 12+ 

Live brush sills with rock Initial: 3+ Initial: 5 to 10+ 

(Depends on riprap stability) Established: 6+ Established: 12+ 

Brush mattress Initial: 0.4 to 4.2 Initial: 3 to 4 

(Depends on soil conditions and anchoring) Established: 2.8 to 8+ Established: 10+ 

Live fascine Initial: 1.2 to 3.1 Initial: 5 to 8 

(Very dependent on anchoring) Established: 1.4 to 3+ Established: 8 to 10+ 

Brush layer/branch packing Initial: 0.2 to 1 Initial: 2 to 4 

(Depends on soil conditions) Established: 2.9 to 6+ Established: 10+ 

Live cribwall Initial: 2 to 4+ Initial: 3 to 6 

(Depends on nature of the fill (rock or earth), Established: 5 to 6+ Established: 10 to 12 

compaction and anchoring) 

Vegetated reinforced soil slopes (VRSS) Initial: 3 to 5 Initial: 4 to 9 

(Depends on soil conditions and anchoring) Established: 7+ Established: 10+ 

Grass turf— excellent stand Established: 3.2 Established: 3 to 8 

(Depends on vegetation type and condition) 

Live brush wattle fence Initial: 0.2 to 2 Initial: 1 to 2.5 

(Depends on soil conditions and depth of stakes) Established: 1.0 to 5+ Established: 3 to 10 

Vertical bundles Initial: 1.2 to 3 Initial: 5 to 8 

(Depends on bank conditions, anchoring, and vegetation) Established: 1.4 to 3+ Established: 6 to 10+ 

* (USDA NRCS 1996b; Hoag and Fripp 2002; Fischenich 2001; Gerstgrasser 1999; Nunnally and Sotir 1997; Gray and 

Sotir 1996; Schiechtl and

Stern 1994; USACE 1997; Florineth 1982; Schoklitsch 1937)
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Streambank soil bioengineering
Techniques

Many types of streambank soil bioengineering treatments have been used 

throughout the country. A collection of techniques that are broadly applicable 

have been divided into sections that address the different bank zones. It is 

appropriate to modify these treatments to account for site-specific conditions, 

cost of materials, and material availability. Many variations of these techniques 

exist. Many of the techniques listed are often combined with other streambank 

soil bioengineering techniques or with harder, inert structures.

Toe treatments
Coir fascines

This is a manufactured product also known as coir logs or coconut fiber rolls.  

Coir fascines consist of coconut husk fibers bound together in a cylindrical 

bundle by natural or synthetic netting and are manufactured in a variety of 

standard lengths, diameters, and fill densities for different energy environments. 

Coir fascines are flexible and can be fitted to the existing curvature of a 

streambank. They provide immediate toe protection and bank stabilization, 

while trapping sediment within the coir fascine, which encourages plant growth. 

Coir fascines are well suited for establishing herbaceous materials, and they 

can be prevegetated prior to installation. A key advantage of this method is 

the modularization and standardization of the materials that result in relatively 

predictable and reliable performance. A disadvantage of coir fascines is that 

they are expensive to purchase and ship. They require additional anchoring 

systems, which increases the initial costs and installation time.

Figure 6.72b Coir log installation, NC Ecosystem Enhancement Program

Materials

are preferred for streambank stabilization work because they serve as a stable 

growing medium on which seeds and young plants can become established. 

This material provides some resistance to damage from ice flows, floating 

debris, and other impacts, and provides a reinforcing framework for vegetation 

until the coir filling decays, at which point the plants should be able to protect 

the banks. 

synthetic mesh is desirable for the knotted or braided mesh exterior of the 

coir fascine. Although coir mesh versions are available, the mesh frequently 

loses its strength before vegetation can become fully established, making the 

material vulnerable to failure. Therefore, coir mesh versions are typically used 

on sites with low stress levels.

of 9 pounds per cubic foot. Where ice, debris, steep banks, and other stress 

factors are not a problem, lower density materials may offer a more cost-

effective alternative.
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in both larger and smaller sizes.

with cable assemblies. 

Installation

can be worked adequately for placement and anchoring. Planting into the coir 

fascine may be planned for later in a more desirable season, as needed.

bank, where it was located prior to an erosion event, or in direct contact with 

the current bank profile. Typically, they are positioned so that the top of the 

coir fascine is located at the mean water level during the summer growing 

season. In most cases, this zone best supports herbaceous vegetation. Due to 

the distance from the plant to the soil, it is imperative that the coir fascine 

remain wet. 

species which, preferably, have been rooted in a coir fiber matrix to provide 

good frictional contact. 

addressed in the design.

contact with the adjacent soil. Normally, this means a pair of stakes placed 

every 2 feet along the coir fascine, one on each side. In cold climates, earth 

anchors or rope tie-downs are necessary to prevent lifting of the coir fascine as 

ice forms. Always place wooden stakes between the cable or rope and the coir 

to keep the cable or rope from cutting clear through the coir fascine. Piercing a 

high-density coir fascine with stakes should be avoided. The stakes should be 

driven alongside the coir fascine. The coir fascine is secured by either tightly 

sandwiching the coir fascine between the stakes or by using ropes or cables to 

tie around the coir fascine.

is most convenient to do while the coir fascines are still on dry land, laid out 

along the top of bank. Strong synthetic rope is used to stitch the ends together, 

with knots tied at frequent intervals to ensure a reliable connection.

they must be placed together on the edges where they touch. One row of lacing 

is typically adequate to hold two tiers together, although two rows of lacing 

will result in a tighter contact between the tiers, which is useful at holding back  

concohesive soils. All tiers require appropriate staking or anchoring.

may be inserted through the coir fascine itself, or 2-inch-diameter plugs may 

be inserted 6 inches on center along the length of the coir fascine.

may be placed on the first (lower) coir fascine, prior to placing the next one 

above it.

Fascines

A fascine is a long bundle of live cuttings bound together into a rope or 

sausage-like bundles. The structure provides immediate protection for the toe. 

Since this is a surface treatment, it is important to avoid sites that will be 

too wet or too dry. The live cuttings eventually root and provide permanent 

reinforcement.
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Figure 6.72c Combining fascines and fabric

Materials

nongalvanized wire

on soil conditions

saw

Installation

harvested and fabricated. Leave side branches intact.

feet. Vary the orientation of the cuttings. Use 8- to 10-foot bundles for ease 

of handling, and transport in a pickup bed. They can also be easily spliced 

together to create a fascine long enough to fit the particular project site.

be 6 to 24 inches in  diameter, depending on their application.

bank.

bed. The trench should be about a half to three-quarters the diameter of the 

bundle.

directly through the bundle 3 feet on center. Allow the stake to protrude 2 

inches above the top of the bundle. To improve depth of reinforcement and 

rooting, install live stakes (2 to 3 ft in length) just below (downslope) and in 

between the previously installed dead stout stakes, leaving 3 inches protruding 

from the finished ground elevation.
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with water to get around the inner stems of the bundle. Some of the bundle 

should remain exposed to sunlight to promote sprouting. Use material from the 

next upbank trench. It may be desirable to use erosion control fabric to hold the 

soil adjacent to and in between the fascine bundles, especially in wet climates. 

When using erosion control fabric between the fascine bundles, the fabric is 

first placed in the bottom of the trench, an inch of soil is placed on top and up 

the sides of the trench and erosion control fabric, and the fascine bundle is then 

placed in the trench and staked down.

Note: Fascines can be oriented perpendicular to the streambank contours. This 

practice is often called the vertical bundle method. The primary difference 

between the construction of a vertical bundle and a fascine is that all of the 

cuttings in a vertical bundle are oriented so the cut ends are in the water. It is 

particularly applicable in areas where there is uncertainty in determining the 

water table.

Bank treatments
Live pole cuttings or live stakes
Live pole cuttings are dormant stems, branches, or trunks of live, woody plant 

material inserted into the ground with the purpose of getting them to grow. 

Live stakes are generally shorter material that are also used as stakes to secure 

other soil bioengineering treatments such as fascines, brush mattresses, erosion 

control fabric, and coir fascines. However, the terms live stakes and live pole 

cuttings are often used interchangeably. Both live poles and live cuttings can 

be used as anchoring stakes. They are live material so they will also root and 

sprout. Live pole cuttings are 3 to 10 feet long, and 3/4 to 3 inches in diameter.  

These cuttings typically do not provide immediate reinforcement of soil layers, 

as they normally do not extend beyond a failure plane. Over time, they provide 

reinforcement to the soil mantle, as well as surface protection and roughness 

to the streambank and some control of internal seepage. They assist in quickly 

reestablishing riparian vegetation and cause sediment deposition in the treated 

area.

Figure 6.72d Live cuttings installed in fabric
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Materials

rebar

Installation

end to a 45-degree angle, or sharpen into a pointed end. The top end should be 

cut flat. At least two buds or bud scars should be present above the ground in 

the final installation, depending on the surrounding vegetation height. The live 

cuttings should be taller than the surrounding vegetation to ensure that they 

are not shaded.

are harvested and fabricated.

to the slope. The depth of the hole should be 2/3 to 3/4 the length of the live 

cutting. Make the hole diameter as close to the cutting’s diameter as possible 

to obtain the best soil-to-stem contact. The hole should be deep enough to 

intercept the lowest water table of the year or a minimum of 2 feet.

and-soil slurry mixture. Add soil around the cutting as the water percolates 

into the ground and the soil in suspension settles around the cutting. Another 

method is to tamp soil around the cutting with a rod. Throw a small amount of 

soil in the hole around the cutting and tamp it down to remove all air pockets. 

This is similar to installing a wooden fence post. 

blow hammer to tap the cutting into the ground. Insert the cutting at a 90-

degree angle to the face of the slope. Ensure that the sharpened basal end is 

installed first.

grid for most shrub species. Spacing depends on species, moisture, aspect, 

and soil.

Joint plantings
Joint plantings or vegetated riprap are cuttings of live, woody plant material 

inserted between the joints or voids of riprap and into the ground below 

the rock. Joint planting cuttings are 30 to 48 inches long, and from 3/4 to 2 

inches in diameter.  These live cuttings typically do not provide immediate 

reinforcement of soil layers, as they normally do not extend beyond the failure 

plane. The live cuttings are  intended to root and develop top growth providing 

several adjunctive benefits to the riprap. Over time, these installations provide 

reinforcement to the soil on which the riprap has been placed, as well as 

providing roughness (top growth) that typically causes sediment deposition in 

the treated area. Some control of internal seepage is also provided. These joint 

planting installations assist in quickly reestablishing riparian vegetation. Joint 

plantings are frequently used on the lower part of the bank.

Materials

long. They should be long enough so that at least 1 foot of the cutting will 

extend into the ground below the riprap.

saw, loppers, and rebar
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Installation

the basal end to a 45-degree angle, or sharpen to a point. The top end should 

be cut flat. At least two buds or bud scars should be present above the ground 

in the final installation, depending on the surrounding vegetation height. The 

live cuttings should be taller than the surrounding vegetation to ensure that 

they are not shaded. 

harvested and fabricated.

steel stinger can also be used. Carefully extrude the rebar and tamp in the joint 

planting stem. Insert the basal end first.

water and soil slurry mixture.

grid. Spacing depends on species, moisture, aspect, and soil characteristics.

Brush mattress
A brush mattress is a layer of live cuttings placed flat against the sloped face of 

the bank. Dead stout stakes and string are used to anchor the cutting material 

to the bank. This measure is often constructed using a fascine, joint planting, 

or riprap at the toe, with live cuttings in the upper mattress area. The branches 

provide immediate protection from parallel streamflow. The cuttings are 

expected to root into the entire bank face and provide surface reinforcement 

to the soil.

Materials

2 feet taller than the bank face. This will allow the basal ends to be placed in or 

at the edge of the water.  Up to 20 percent of the cuttings can be dead material 

to add bulk.

texture 

wire

and machine to shape the bank

Figure 6.72e (a) Brush mattress being installed; (b) Brush mattress after one growing season
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Installation

harvested. Leave side branches intact.

stout stakes.

the slope to  the bottom of the slope is typically 4 to 20 feet. Excavate a 1-foot-

wide and 8- to 12-inch-deep trench along the toe.

prepared bank. Space the installation of the dead stout stakes on a grid that is 

1.5 to 3 foot square. Start the lowest row of dead stout stakes below bankfull 

width or a fourth of the height of the bank. The tops of the dead stout stakes 

should extend above the ground 6 to 9 inches. Live cuttings may also be mixed 

with the dead stout stakes, and tamped in between to add deeper initial rooting.  

However, the live cuttings cannot generally be driven-in as securely as the 

dead stout stakes and should not be relied upon solely for anchoring the brush 

mattress.

cuttings are installed into the trench with the growing tips oriented upbank. 

The live cuttings’ side branches should be retained and should overlap in a 

slight crisscross pattern. Depending on the size of the branches, approximately 

8 to 15 branches are installed per linear foot of bank.

brush mattress to ensure the basal ends of the live cuttings are pressed against 

the bank.

manila, sisal, or prestretched cotton twine in a diamond pattern between the 

dead stout stakes. Short lengths of tying material are preferred over long 

lengths.  In the event of a failure, only a small portion of the treatment would 

be compromised if short lengths are used. Otherwise, there are risks of losing 

larger portions of the project if long lengths of tying material are used to anchor 

the cuttings to the dead stout stakes.

further into the bank to firmly secure the live cuttings to the bank face. This 

improves the soil-to-stem contact.

the bottom half of the cuttings is covered with a 3-4 –inch layer of soil.

the lateral buds for more rapid root and stem sprouting.

Top of bank/flood plain treatments
Brush trench
A brush trench is a row of live cuttings that is inserted into a trench along the 

top of an eroding streambank parallel to the stream (Figure 6.72e). The live 

cuttings form a fence that filters runoff and reduces the likelihood of rilling. The 

live cuttings eventually root and provide a permanent living structure. Brush 

trenches are often used to supplement other soil bioengineering treatments.
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Materials

Installation

are harvested.  Leave the side branches intact. It is important to select low-

growing species that will remain supple.

trench.

a low berm along the top of the bank and directing the flow to a stable outfall 

away from the bank.

should be no less than 1 foot back from the top of the bank so that it does not 

weaken the bank.

mat. Make sure that the basal ends touch the bottom of the trench. Install 8 to 

15 live cuttings per linear foot of trench. The branches protruding from the top 

of the trench should be taller than the height of competing vegetation.

stem contact.  All gaps between the plant materials within the trench should 

be filled with soil.

is completed, water the entire area. Supplemental irrigation may also be 

required as the vegetation becomes established.

Monitoring and maintenance

While soil bioengineering projects tend to be self-renewing and grow stronger 

with time, project areas require periodic monitoring and maintenance, 

particularly during the establishment stage. Maintenance is especially 

important on highly erosive sites. Maintenance could include removal of 

debris and elimination of invasive or undesirable species, as well as replanting 

vegetation in spot areas. The success of a soil bioengineering streambank

Figure 6.72e (a) Brush trench after installation; (b) 1 year later
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stabilization project obviously depends on the establishment and growth of 

the vegetative component. Allen and Leach (1997) noted that it is important 

to monitor soil bioengineering projects after project completion to assure 

plant survival and development. For example, supplemental irrigation may 

be necessary for exceptionally dry conditions. A fungicide or insecticide may 

need to be applied if insects or disease are an issue. Beaver, geese, livestock, 

deer, and other herbivores may also eat the plants in a streambank soil 

bioengineering project. The loss of a predetermined percentage of the planting 

may be used to trigger a requirement for remedial planting. If a moderate storm 

occurs before establishment of the vegetative component of a streambank 

soil bioengineering project, there is a potential for significant damage to the 

project. In fact, depending on the nature of the stream and the project, this 

damage may be severe enough that the vegetative component of the project 

may not recover. Therefore, it is recommended that most soil bioengineering 

projects be inspected after moderate flows, as well as on a periodic basis. 

These inspections are often enough to determine if remedial action will be  

necessary. One of the most common problems identified with newly installed 

bioengineered treatments is herbivory, or consumption by plant-eating 

animals. At times, Canada geese or muskrats may decimate a new herbaceous 

planting, or beaver may trim every shrub and tree sprout down to ground level. 

This comes as a shock and disappointment when it occurs, especially after 

completing a project or even after a robust initial growing phase. Most woody 

plantings rebound quickly from such impacts, and therefore, can be considered 

indications of beneficial habitat use. Many herbaceous plantings also rebound 

well, but if unrooted or repeatedly grazed down to the ground, the damage can 

be permanent. If this is a possibility, it may be advisable to provide a measure 

in the plans for inspection and replacement of lost material.

Conclusion

Streambank soil bioengineering is the use of living and nonliving herbaceous 

and woody plant materials in combination with natural or synthetic support 

materials for slope stabilization, erosion reduction, and vegetative establishment. 

This technique has a rich history and uses plants and sometimes inert material 

to increase the strength and structure of the soil.  The use of streambank soil 

bioengineering treatments is increasing in popularity for a number of reasons: 

improved aesthetics, increased scrutiny by regulatory agencies, improved water 

quality benefits, restored fish and wildlife habitat, and decreased costs.  The 

long-term goal of many streambank soil bioengineering stabilization projects 

is to mimic natural conditions within a natural or newly altered regime.  

Unaltered channels in their natural environments can be expected to move and 

erode during large storms. Therefore, where the goal is to allow the system to 

remain natural, the bank will likely not be static, and periodic bank erosion 

should be expected. This condition can be contrasted to more urban situations 

where the proposed conditions of the channel typically do not allow for bank 

erosion. In these cases, the selected streambank soil bioengineering methods 

incorporate hard or inert elements that can handle higher velocity flows and to 

limit the flexibility of the protected bank.  Many types of soil bioengineering 

treatments can be used to stabilize streambanks and can withstand varying 

shear limits and velocities. Streambank soil bioengineering treatments are a 

viable alternative to hard structures, as long as the risks are clearly understood 

and planned for. Understanding the riparian planting zones is particularly 

important to ensure that the vegetation is planted in the right zone.
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This practice standard has been adapted from the Natural Resource Conservation 

Service National Engineering Handbook, Part 654, Technical Supplement 
14K, Streambank Armor Protection with Stone Structures. At publication 

this document was not listed online with older NRCS publications, but was 

available through NRCS eDirectives at http://policy.nrcs.usda.gov/viewerFS.

aspx?id=3491

Land disturbing activity involving streams, wetlands or other waterbodies 

may also require permitting by the U.S. Army Corps of Engineers of the N.C. 

Division of Water Quality.  Approval of an erosion and sedimentation control 

plan is conditioned upon the applicant’s compliance with federal and State 

water quality laws, regulations, and rules.  Additionally, a draft plan cannot 

be approved if implementation of the plan would result in a violation of rules 

adopted by the Environmental Management Commission to protect riparian 

buffers along surface waters.  Care should be taken in selecting structural 

stabilization of streambanks to comply with permitting requirements of other 

agencies, as well as provide adequate ground cover.

Introduction

Stone has long been used to provide immediate and permanent stream and river 

protection. It continues to be a major component in many of the newer and more 

ecologically friendly projects, as well.  Many situations still require rock riprap 

to some degree. Rock riprap measures have a great attraction as a material of 

choice for emergency type programs, where quick response and immediate 

effectiveness are critical.  Rock riprap is needed for many streambank stabilization 

designs, especially where requirements for slope stability are restrictive, such as 

in urban areas. It is one of the most effective protection measures at the toe of an 

eroding or unstable slope. The toe area generally is the most critical concern in 

any bank protection measure. The primary advantages of stone over vegetative 

approaches are the immediate effectiveness of the measure with little to no 

establishment period.  The use of stone may offer protection against stream 

velocities that exceed performance criteria for vegetative measures.

Stone considerations

Not all rocks are created equal. A variety of important stone design characteristics 

and requirements exist that must be accounted for to successfully use rock in 

the stream.

Stone size
The stone used in a project, whether it is part of a combined structure or used 

as a traditional riprap revetment, must be large enough to resist the forces of the 

streamflow during the design storm. A stone-sizing technique appropriate for 

the intended use must also be selected. Many established and tested techniques 

are available for sizing stone. Most techniques use an estimate of the stream’s 

energy that the rock will need to resist, so some hydraulic analysis is generally 

required.

Stone shape
Some methods use different dimensions to characterize stone size. The critical 

dimension is the minimum sieve size through which the stone will pass. Some 

techniques assume that riprap is the shape of a sphere, cube, or even a football 
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shape (prolate spheroid). To avoid the use of thin, platy rock, neither the breadth 

nor the thickness of individual stones is less than a third of its length. The U.S. 

Department of Agriculture (USDA) Natural Resources Conservation Service 

(NRCS) specifies riprap to be a  spheroid three times as long as it is thick (L/B = 

3). Note that the shape of most riprap can be represented as the average between 

a sphere and a cube. An equation for an equivalent diameter of riprap shaped 

between a cube and a sphere is:

where:

W = weight of the stone, lb

= density of the stone,  approx. 165 lb/ft3, 

D = equivalent diameter, ft

This relationship may be helpful if a conversion between size and weight is 

necessary for angular riprap with this shape.  Riprap should be angular to 

subangular in shape. Field experience has shown that both angular (crushed 

limestone) and rounded rock (river stones) can be used for riprap protection 

with equal success, but shape differences do require design adjustments. 

Rounded rock does not interlock as well as angular rock. Generally, rounded 

rock must be 25 to 40 percent larger or more in diameter than angular rock to 

be stable at the same discharge.

Stone gradation
Stone gradation influences resistance to erosion. The gradation is often, but 

not always, considered by the technique used to determine the stone size.  For 

most applications, the stone should be reasonably well graded (sizes are well 

distributed) from the minimum size to the maximum size. Onsite rock material 

may be used for rock riprap when it has the desired size, gradation, and quality. 

A well-graded distribution will have a wider range of rock sizes to fill the void 

spaces in the rock matrix. The stone gradation influences the design and even 

the need for a filter layer or geotextile. Further information on the design, use, 

and application of geotextiles is provided later in this section.

Design considerations

Stabilizing channel banks is a complex problem and does not always lend itself 

to precise design. The  success of a given installation depends on the judgment, 

experience, and skill of the planners, designers, technicians, and installers. 

Several important issues that must be considered for the successful design of 

projects that depend on the rock performance are briefly described.

Filter layer
Where stone is placed against a bank that is composed of fine-grained or loose 

alluvium, a filter layer or bedding is often used. This filter layer prevents the 

smaller grained particles from being lost through the interstitial spaces of the 

riprap material, while allowing seepage from the banks to pass. This filter layer 

needs to be appropriately designed to protect the in-place bank material and 

remain beneath the designed stone or riprap. Therefore, the gradation is based 

in part of the gradation of the riprap layer and the bank material. The filter layer 

typically consists of a geosynthetic layer or an 8-inch-thick layer of sand or 

gravel.
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Bank slope
Many stone sizing techniques also require information about the bank slope. 

In addition, a geotechnical embankment analysis may impose a limit on the 

bank slope. The recommended maximum slope for most riprap placement is 

2H:1V. Short sections of slopes at 1.5H:1V are sometimes unavoidable, but are 

not desirable.  Most rock cannot be stacked on a bank steeper than 1.5H:1V 

and remain there permanently. For riprap placement of 1.5H:1V and steeper, 

grouting of the rock to keep it in place must be strongly considered. Alternative 

measures, such as gabion baskets, are well suited to steep banks. Also, flatter 

slopes increase the opportunity for vegetation establishment.

Height
Stone should extend up the bank to a point where the existing vegetation or 

other proposed treatment can resist the forces of the water during the design 

event.  In a soil bioengineering project, a stone revetment typically does not 

exceed the elevation of the level of the channel-forming flow event. However, 

there are exceptions where it is advisable to extend the riprap to the top of the 

bank.

Thickness
Different stone-sizing techniques may have different assumptions concerning 

the blanket thickness. The thickness of the placed rock should equal or exceed 

the diameter of the largest rock size in the gradation. In practice, this thickness 

will be one and a half to three times the median rock diameter (D50). A typical 

minimum thickness is the greater of 0.75 times the D100 or one and a half times 

the D50.

Scour
Toe scour is the most frequent cause of failure in streambank armor protection 

projects. Scour can be long term, general, and local.  The greatest scour depths 

generally occur on the outside and lower portion of curves. Scour depths may 

increase immediately below and adjacent to structural protection due to the 

higher velocity section of a stream adjacent to the relatively smooth structure 

surface. This may undermine the structure and result in failure.  Common 

methods for providing toe protection are:

fill any expected scour

to a hard point

the bank protection measures down to a point below the probable maximum 

depth of the anticipated bed scour.

A typical rule of thumb for a minimum key-in depth is one and a half times 

the riprap thickness or a minimum of 2 feet below the existing streambed. This 

practical solution generally gives good protection against undermining.

Placement of rock
Rock should be placed from the lowest to the highest elevation to allow 

gravitational forces to minimize void spaces and help lock the rock matrix 

together. It is important that riprap be placed at full-course thickness in 

one operation. Final finished grade of the slope should be achieved as the 

material is placed. Care should be taken not to segregate or group material 

sizes together during placement. Allowing the stone to be pushed or rolled 

downslope will cause stone size segregation. See ASTM D6825 on placement 

of riprap revetments. An advantage of using riprap structures is that materials 

are generally readily available, and contractors with appropriate equipment and 
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experience can be found. However, careful consideration should be given early 

in the design process to the stone installation method. Two commonly employed 

installation methods are described below.

Dumped rock riprap
This method of protection may be necessary where access to the streambed 

is limited or for emergency situations. Streambank work using dumped rock 

requires a source of low-cost rock. Access roads must be available near the 

stream channel, so that rock can be hauled to the streambank and either dumped 

over the bank or along the edge. If the job requires large quantities of rock, the 

operation must be set up to  accommodate regular deliveries to the job site. 

In some cases, the banks may be too weak to support a loaded truck, thereby 

preventing dumping of rock directly over the streambank. In such cases, the 

rock may be dumped as close to the edge as possible and pushed over the edge 

with a bulldozer or front-end loader. Larger rock should be placed at the bottom 

of the revetment work to provide a stable toe section. The use of a front-end 

loader may be useful to select rock by size and push it over the bank. This type 

of placement usually results in a poor gradation of material due to material 

segregation, requiring more volume to make up for the lack of gradation. 

While this type of bank protection requires more stone per square yard of bank 

protection than machine placed riprap, it generally requires less labor and 

equipment operating hours.

Machine-placed riprap
This type of riprap is placed using a track-mounted backhoe or a power crane 

with a clam shell or orange peel bucket. The riprap is placed on a prepared slope 

of the streambank to a minimum design thickness of 12 to 18 inches. The larger 

stones are placed in a toe trench at the base of the slope. This method requires

an experienced equipment operator to achieve uniform and proper placement. 

The toe or scour trench can be dug with the backhoe or clam shell as the machine 

moves along the slope. The machine can do the backfilling with rock in the same 

manner. The bank sloping or grading generally is accomplished with a backhoe 

or sometimes a Gradall®. If  a power crane is used, a dragline bucket must be 

used with the crane for slope grading. A perforated dragline bucket works best 

because it allows excess water to drain from the bucket.  Appropriate bedding 

and/or geotextile can be installed after the grading and slope preparation are 

completed.  The primary function of these materials is for filtration— to prevent 

movement of soil base materials through the rock riprap. Bedding is normally 

placed by dump truck and spread to the desired thickness with a backhoe 

bucket, a front-end loader, or a small dozer. Geotextile must be placed by hand, 

secured in place as recommended by the manufacturer, consistent with site 

specifications. It is important that the geotextile be placed in intimate contact 

with the base to preclude voids beneath the geotextile. Under larger stone, a 

coarse bedding may be placed on the geotextile to assure that the geotextile 

stays in contact with the subbase. In some locations, geotextiles may also be 

used as a reinforcement in very soft foundation conditions. As previously noted, 

there will also be situations where the banks may have sufficient gravel content, 

so that neither bedding nor geotextiles are needed.  Riprap should be placed to 

provide a reasonably wellgraded and dense mass of rock with a minimum of 

voids and with the final surface meeting the specified lines and grades. The larger 

stones should be placed in the toe trench or well distributed in the revetment. 

The finished stone protection should be consolidated by the backhoe bucket 

or other acceptable means so that the surface is free from holes, noticeable 

projections, and clusters or pockets of only small or only large stones.  Riprap 

placement should begin at the toe trench and progress up the slope maintaining 

the desired rock placement thickness as the work proceeds. After the toe trench 
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has been filled to the original stream bottom level, the operator should build 

a wall or leading edge with the riprap, which is the full layer thickness. That 

thickness should be maintained throughout the placement of the riprap. The 

wall should be maintained at about a 45-degree angle from a transverse line 

down the slope, as the placement progresses from the initial starting point at 

the streambed and progresses up and across the slope (fig. TS14K–2).  Riprap 

rock should be handled and placed to the full layer thickness in one operation 

so that segregation is minimized and bedding or geotextile materials used under 

the riprap are not disturbed after the initial rock placement. Adding rock to the 

slope or removing it after the initial placement is not practical and generally 

produces unsatisfactory results. Dumping stone from the top and rolling it into 

place should also be avoided. This type of operation causes segregation and 

defeats the purpose of a rock gradation. Running on the riprap slope with track 

equipment, such as a bulldozer or rubber tire mounted front end loader, should 

also be avoided. It can damage the rock mass already in place. This operation can 

also tear the geotextile or damage the bedding by displacing material throughout  

the rock course. Tamping of the rock with the backhoe bucket can sometimes 

be used effectively to even up the surface appearance of riprap placement and 

further consolidate the rock course. It is advisable to have a test section when 

riprap is being placed over geotextile to check for geotextile puncturing. After 

the riprap is placed, it is removed, and the geotextile is evaluated.

Figure 6.73a Typical riprap section

Treatment of high banks
The application of rock riprap protection on streambanks that are too high to be 

practically sloped can be accomplished using the following two methods:

Embankment bench method
The embankment bench method provides a reasonable approach to stabilize 

steep banks with little or no disturbance at the top of the slope and minimal 

disturbance to the streambed. The method also lends itself to an appropriate 

blend of structural, soil bioengineering, and vegetative stabilization treatments. 

This method, or some variation of it, is the most practical  and preferred method 

of treating high, eroding streambanks. The embankment bench method involves 
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the placement of a gravel bench along the base of the eroding bank (Figure 

6.73b). The elevation of the bench should be set no lower than the height of 

the opposite bank and, where practicable, 1 to 2 feet higher. This gravel bench 

provides drainage and protection at the base of the bank and a stable fill to 

support the structural toe protection. It also provides a working space for the 

equipment to place the toe protection, which is most often rock riprap or a 

combination of riprap and soil bioengineering practice. The embankment bench 

method requires that the convex side (low bank) of the channel be shaped by 

excavation of channel bed materials, normally bar removal, to compensate for 

the reduction in area taken by the bench projection. Offsite materials could be 

used for the bench in lieu of channel bed materials, but costs would be higher, 

and the resultant channel restriction could endanger the project. The high bank 

is generally left in its natural state and appropriately vegetated to assist stability. 

Some sloughing of the bank onto the prepared bench may occur before a good 

vegetative cover is established. Willows and other soil bioengineering materials 

can be established on the bench to help stabilize the toe of the bank and provide 

vegetative cover. By joint planting in the rock or by sediment accumulation and 

volunteer vegetation, the bench often can become a self-sustaining solution.

Excavated bench method
The excavated bench method (Figure 6.73c) is used in situations similar to the 

embankment bench. The excavated bench method does not require the gravel 

fill material or enlarging of the channel to compensate for the encroachment of 

the bench area. Instead, it involves shaping the upper half or more of the high 

bank to allow the formation of a bench to stabilize the toe of the slope. This is 

accomplished in a manner which leaves the upper part of the excavated slope at 

least in no worse shape than it was before the excavation. This solution is rarely 

practical, but may be necessary in cases where stream access is restricted or not 

allowed. It may also be a solution on lower banks where the excavation quantity 

is relatively small.

Figure 6.73b Embankment bench method
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Surface flow protection
The damage to high banks is often exacerbated by surface runoff. If this is not 

treated, any protection at the toe may be damaged. High banks subject to damage 

by surface water flow can be protected by using diversion ditches constructed 

above the top slope of the bank.  Water from active seepage in the high banks 

should be collected by interceptor drainage and conveyed to a safe outlet. Trees 

or other vegetative materials in a buffer strip along the top of the bank can be 

used to help control the active seepage by plant uptake and transpiration. Some 

soil bioengineering designs can also include ancillary drainage as a function.

Figure 6.73c Excavated bench method

Wire mesh gabions
Gabions offer important advantages for bank protection. They can provide 

vertical protection in high-energy environments where construction area is 

restricted. Gabions can also be a more affordable  alternative, especially where 

rock of the needed size for riprap is unavailable. Gabion wire mesh baskets 

can be used to stabilize streambank toes and entire slopes. Gabions can also 

be compatible with many soil bioengineering practices. Gabions come in two 

basic types: woven wire mesh and welded wire mesh. Woven wire mesh is a 

double-twisted, hexagonal mesh consisting of two wires twisted together in 

two 180-degree turns. Welded wire mesh has a uniform square or rectangular 

pattern and a resistance weld at each intersection. Within these two types there 

are two styles of gabions: gabion baskets and gabion mattresses. Baskets are 12 

inches or more in height, while mattresses typically range from 5 to 12 inches 

in height. Gabion baskets can be particularly effective for toe stabilization on 

problem slopes. They provide the size and weight to stay in place, with the 

further advantage of being tied together as a unit. Baskets can be installed in 

multiple rows to increase stability and provide a foundation for other measures 

above them. Gabion mattresses are best suited for revetment type installations, 

channel linings, and waterways. They may also be used for basket foundations 

and scour aprons.

All baskets and mattresses are of galvanized wire for corrosion protection. If 

the baskets are to be installed where abrasion from stream sediments is likely, 

PVC coated material should be used. PVC coating adds significantly to the 

durability and longevity of the gabion installation. This coating provides long-

term benefits for a relatively small increase in material costs. It is important to 

use good quality rock of the proper size for gabion installation (Table 6.73a). 

Additional guidance on quality and sizing of rock can be found in ASTM 

6711. Many manufacturers of gabions also provide guidance on the design and 

construction of their products.
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Table 6.73a Specified rock sizes for gabions (from CS#64) 

Predominant Minimum rock Maximum rock
Gabion rock size dimension dimension

(in) (in) (in)

12-, 18-, 4 to 8 4 9

or 36-in 

basket 

6-, 9-, 3 to 6 3 7

or 12-in 

mattress

Gabions can be delivered to the work site in a roll and in panels and can be 

partially or fully assembled. Assembly generally must be accomplished at 

the work site. Important in all aspects of assembly are thesizing, bracing, and 

stretching of the baskets or mattresses. Assembly and installation procedures are 

well covered in NRCS National Construction Specification (CS) #64 (USDA 

NRCS 2005). Details for assembly and placement of double-twisted, wire mesh 

gabions can also be found in ASTM D7014. Important  considerations in gabion 

placement are:

placement ensuring alignment, avoiding bulges, and providing a compact mass.

in any cell does not exceed the depth of the stone in any adjoining cell by more 

than 12 inches.

by hand to achieve a neat and uniform appearance (Figure 6.73d).

The tops of gabions will also require some hand work to make them level and 

full prior to closing and fastening the basket lids. It is important that the gabion 

basket or mattress is full and the lids fit tightly. Appropriate tools need to be 

used in this operation and care taken not to damage the lids by heavy prying.

Various types of fasteners and lacing are used to assemble and secure gabion 

baskets and mattresses. The manufacturer’s recommendations should be 

followed along with the applicable provisions in CS #64.

Figure 6.73e Vegetated gabions under 

construction

Figure 6.73d Gabions showing a neat, compact, 

placement of stone with a uniform appearance
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Vegetated gabion
In some locations, traditional gabions may be unacceptable from either an 

aesthetic or ecological  perspective.  A modification to traditional gabion 

protection that may satisfy these concerns is the vegetated gabion. A vegetated 

gabion incorporates topsoil into the void spaces of the gabion. The resulting 

gabion volume consists of 30 to 40 percent soil that allows root propagation 

between the stones. The resulting structure is interlocked with stone, wire, and 

roots (Figure 6.73e).

Conclusion
Many restoration designs require the use of rock in the stream. Riprap is one 

of the most effective  protection measures at the toe of an eroding or unstable 

slope.  Rock use has distinct advantages in terms of accepted design techniques 

and established contracting and construction procedures. In addition, many 

innovative bank stabilization and habitat enhancement projects use stone to 

perform important functions. Rock does present some drawbacks concerning 

cost, aesthetics, and ecological and geomorphic impacts. The challenge is 

to integrate more vegetative and geomorphic solutions without materially 

increasing the exposure time and risk of failure and meeting the goals of the 

project. This approach produces a long-term solution that will be complementary 

to the natural environment and will be more self-sustaining.
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Buffer zone means the strip of land adjacent to a lake or natural water course 
(stream, river, swamp, canal, estuary, etc.). 

Buffer zones are used to reduce the impact of upland pollution by,

Protective buffers should be used for,

Tr).  To determine a North 

As stated in the Sedimentation Pollution Control Act of 1973 (As Amended 
through 2005)
of construction or improvement to land shall be permitted in proximity to a 

the duration of said disturbance would be temporary and the extent of said 

over, or under a lake or natural watercourse shall minimize the extent and 
duration of disruption of the stream channel.”

BUFFER ZONES
6.74
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Width is a very important consideration in the overall effectiveness of buffers.

Figure 6.74a

Guidance for Determining 
Width of Undisturbed

Vegetation ZonesVV

6.74.2 Rev. 6/06

Visible sediment collected within



Guidance for Determining 
Width of Undisturbed

Vegetation Zones 
(continued)

Slope (%) Width of Zone of Undisturbed Vegetation

NOTE:

Best Management Practices for Construction and Maintenance Activities,

Rev. 6/06 6.74.3



6

6.74.4




