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Brushlayering with Soil Wrap 
 
This technique consists of live cut branches (brushlayers) interspersed between layers of 
soil wrapped in natural or synthetic geotextile materials. The brush is placed in a 
crisscross or overlapping pattern so that the tips of the branches protrude just beyond the 
face of the fill, where they act as horizontal drains and improve slope stability by 
redirecting the flow direction. Natural geofabrics, such as coir netting, are typically 
wrapped around the soil layer to provide additional soil surface protection and 
reinforcement. 

Conditions Where Practice Applies  

Brushlayering with geotextile soil wraps can be used to stabilize very steep slopes.  They 
provide an alternative to vertical retaining structures for grade separation purposes and in 
situations that require avoiding right-of-way encroachment at the base or top of slopes.  
Geotextile soil wraps can also be used to protect slopes that are subject to periodic scour 
or tractive stresses, such as drainage channels or upper portions of streambanks.  

Materials  

Long branches of trees and brush which are capable of vegetative propagation, usually 
willows.  The length of the branches will vary with the type of application (embankment 
or buttress fill) and desired depth of reinforcement; ideally they should be long enough to 
reach the back of a buttress fill.  The inert construction material consists of natural 
geofabrics such as coir netting, or synthetic, polymeric geogrids. Natural geofabrics or 
geogrids are then wrapped around the soil layers to protect the slope face and provide a 
stable planting surface. 

Implementation  

Begin at the base of the slope and proceed upward.  See typical drawing below for the 
step by step procedures of brushlayering with soil wrap.  The vegetated soil wrap 
structure should be supported on a rock toe or base and be battered or inclined at an angle 
of at least 10 to 20 degrees to minimize lateral earth forces.  A trench should be 
excavated to a competent horizon as well as below the likely depth of scour.  

The fabric is installed by placing it on top of the soil so that at least 0.5 m (3 feet) can be 
anchored by wooden stakes to the soil-gravel layer.  Allow 2 m (6 feet) of fabric to 
extend beyond the brushlayer so that it will lap over and cover the soil-gravel mix , then 
stake into place.  Crisscross layers of dormant cuttings and/or transplants on top of the 
soil wrap, placing the cut ends into the slope with the tips extending beyond the edge of 
the bench (no more than ¼ of the total branch length).  Care should be taken to place the 
branches at random with regard to size and age and species composition.  Deposit a layer 
of topsoil over the cuttings and tamp into place.  
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Brushlayering with Soil Wrap (continued) 

Repeat the branch, topsoil, and wrapped soil-gravel mix layering sequence until the 
desired bank height is achieved.  Fill slopes can be created at the same time a brushlayer 
is installed.  On a cut slope and existing streambanks, each layer is excavated at the time 
the brush layer is installed.  
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Brushlayering with Rock Toe Protection 

Brushlayers with rock toe are rows of live woody cuttings that are layered, alternating 
with successive lifts of soil fill, to construct a reinforced slope or embankment above a 
rock toe that armors the bank until the vegetation becomes established.  

Conditions Where Practice Applies  

Streambanks with low velocities, and slopes up to 2:1 that are susceptible to shallow 
mass movement.  Sea or lake shores with light to moderate wave energy.  

Materials  

Live willow branches (or cuttings of other adventitiously-rooting species) at least 6 ft 
long, with a minimum diameter of ¾ in. Rock sized appropriately to resist velocities at 
design discharge.  

Advantages  

Brushlayering involves relatively simple construction.  Among the ground stabilizing 
techniques, the brushlayer has an immediate impact, its protective and stabilizing effect 
extending into lower soil horizons.  At extreme sites where erosion, deposition, and 
rockfall are particular hazards, brush layers and the pioneer vegetation that develops with 
them gradually eliminate these problems.  Fast establishment of a stable soil-root 
complex is possible.  Relatively short and spreading branches of the scrub willows 
growing in mountainous regions can be used.  Simultaneous brushlayering construction 
during fill operations is possible.  It is one of the best techniques for revegetating and 
stabilizing streambanks and slopes.  Living and non-living brush layers along 
streambanks also provide valuable fish habitat.  

Brushlayers also provide a flexible strengthening system to fills. A bank can sag or 
distort without pulling apart the brushlayers. The brushlayers will “stretch” because they 
are laid in to the slope on a diagonal, and are also self-repairing to the extent that they 
regrow roots in the case of a shear failure. Brushlayers act as horizontal drains and 
favorably modify the soil water flow regime.  

Implementation  

Place rock as designed.  The rock should extend up the bank to the expected mean high 
water.  Construct by excavating or filling a terrace above the rock protection.  The terrace 
must slope back into the slope 10-20 degrees minimum.  Place branches at least 6 ft long 
on the terrace.  Branches shall crisscross at random with regard to size and age.  Place 5-8 
branches per linear foot (20/linear m), and 8-18" should protrude beyond the face of the 
slope.  Cover and compact (add water if necessary) the brush layer with 6-18" of soil and 
construct another terrace and brushlayer.  Proceed up the bank as desired. 
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Brush Mattress (Brush Mat) 

A brush mattress or brush mat is a revegetation technique that provides a protective 
covering to a slope or streambank as soon as it is installed.  A brush mattress is typically 
constructed using live willow branches or other species that root easily from cuttings, but 
can also be constructed with any brushy, woody branches in order to provide immediate 
and effective slope protection. 

Conditions Where Practice Applies  

Brush mattresses are ideal for eroding streambanks or slopes where immediate protection 
is needed.  Streambanks which are  in jeopardy of being scoured due to high erosive 
forces can be rapidly stabilized by installation of a brush mattress along the eroding 
reach.  Because of the dense layer of brush, the brush mattress can deflect water from the 
bank and protect it from scouring, while also providing habitat directly along the waters' 
edge.  Brush mattresses also work well for shoreline protection.  The density of the mat 
will break the impact of waves and instantly provide a thick protective layer of brush 
along the shoreline.  If the desire is to stabilize and revegetate an eroding streambank or 
shoreline and discourage foot trails along sensitive areas, brush mats work well as 
impenetrable barriers, giving time for vegetation to become established.  On slopes, brush 
mattressing provides rapid protection against surficial erosion.  Brush mats are often 
combined with other soil stabilization techniques such as vegetated riprap, wattles, live 
Fascines, root wads, live siltation, or coir logs, which may be needed to secure the toe of 
the slope.  The brush mattress technique is usually most effective on slopes no steeper 
than 2H:1V.  

Advantages  

Brush mattresses quickly stabilize a slope or streambank by providing a dense network of 
branches which prevent surficial erosion, while also collecting soil and native seeds.  The 
overlapping branches provide an ideal environment for native seeds to germinate and 
establish.  As the live branches root and grow, the soil is reinforced with an underground 
matrix of spreading roots.  If used on streambanks, a brush mat will trap sediments during 
high water, and eventually the plant growth on the stabilized streambank will provide 
aquatic habitat.  Brush mattresses work well for stabilizing reconstructed stream 
channels, as they provide immediate cover for fish and instant bank protection, even 
before they become established and grow.  

Of all the streambank biotechnical practices, brush mattresses can withstand the highest 
velocities.  Studies conducted by Christoph Gerstgraser, Universitat fur Bodenkultur, 
Vienna, Austria, demonstrated that brush mattresses stabilized the bank in a test flume 
against velocities exceeding 7 m/s (20 f/s), while other techniques, even rock riprap, 
failed.  
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Brush Mattress (Brush Mat) (continued) 

Disadvantages  

Large numbers of cuttings are required, probably more than any other biotechnical 
method, and the availability of plant material should be carefully evaluated before 
including this technique in a revegetation design.  Brush mat installation is a labor-
intensive construction method.  As with most biotechnical projects, if using live cuttings, 
brush mattresses must be installed during the dormancy period of species used.  In areas 
which receive little rainfall, brush mattresses installed on dry slopes may not survive 
long, as this technique does not entrench the branches deeply into the soil. 

Implementation  

• Prepare the slope or streambank by clearing away large debris, and the slope 
should be graded so that branches will lay flat on the bank.  Do not disturb the 
slope or bank any more than necessary.  Excavate a horizontal trench, 8 to 12 
inches deep, at the toe of the streambank or at the base of applicable area on the 
slope.  The basal ends of the branches should extend into moist soil.  

• Lay the cuttings flat against the graded slope, slightly crisscrossed, with the basal 
ends placed as deeply into the trench as possible.  Continue to lay the cuttings 
along the face of the bank or slope until about 80% groundcover is achieved 
(about 6-12 inches thick).  If the length of the slope or bank is longer than the 
cuttings, stagger and overlap the cuttings so the entire area has adequate 
coverage.  Rooted plants can be planted within the brush mattress, but these 
should be planted before the branches are laid, as it is too difficult to plant 
through the mattress afterward. 

• Pound in a grid of 24 to 36 inch long stakes into the mattress at 3 to 4 foot 
centers.  Do not pound the stakes completely in, as this will be done after tying.  
Use longer stakes in less cohesive (sandy) soil.  Secure the brush mattress by 
using cord, rope, or 10-12 gauge galvanized wire tied in a diamond pattern 
between each row of stakes.  (Tie the cord or wire to the stakes in such a manner 
that if it breaks, the integrity of the remaining cord or wire is still maintained).  
Notching or drilling stakes may make securing cord or wire to stakes easier, but is 
not necessary. 

• After networking the mattress with cord or wire, drive the stakes in further to 
compress the mattress tightly against the slope.  If constructing a brush mattress 
on a streambank, be careful not to leave loose overhanging branches which may 
catch on material floating down the stream channel.  The mattress may be ripped 
from the streambank if this occurs.  
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Brush Mattress (Brush Mat) (continued) 

• Secure the toe of the mattress using the technique best suitable for the site 
conditions. To secure the toe of the mattress using a willow wattle, first construct 
a wattle the length of the area to be treated (see wattle technique).  Make sure the 
wattle is tied together tightly.  Place the wattle in the trench over the cut ends of 
the brush mattress.  Secure the wattle with 18 to 48 inch long wedge-shaped 
wooden stakes every 3-4 feet.   In some cases, such as small streams or gentle 
slopes, simply placing large locally collected rocks around and on top of the basal 
ends of the cuttings is enough to secure the toe of the mattress.  Other techniques 
which may be used include vegetated riprap, wattles, live fascines, rootwad 
revetments, live siltation, or coir logs.  

• Backfill around and in between the branches of the mattress by using material 
excavated from the trench, working the soil in well.  Buckets of water will help to 
wash the soil down into the stems.  It is most important for the thicker, basal ends 
of the mattress to get good soil cover for rooting, but generally cover at least 1/4 
of the depth of the mattress with soil.  If installed along a stream, make sure the 
upstream end of the mattress and wattle is keyed into the streambank to prevent 
high flows from scouring behind the mattress.  It is also a good idea to protect this 
area with some revetment, large rocks, or tree trunks.  If possible, tie the mattress 
to existing vegetation or roots on the bank for extra security. 

Maintenance  

It is important to monitor the brush mattress after it has been installed.  Periodic 
monitoring of the project will provide valuable insight into the stabilization process and 
may offer important information for future biotechnical projects.  If the willow does not 
grow, the mattress will still provide stability, especially if it is backfilled and seeded with 
native grasses, sedges, or rushes.  

Periodic maintenance includes making sure the stakes 
and cord/wire are still securing the mattress to the 
streambank.  The upstream end should be carefully 
checked to make sure flows are not getting behind the 
mattress.  To ensure the highest success for the treated 
area, determine the land management practices that 
created the eroded streambanks and modify those 
practices as necessary (From Bentrup and Hoag, 1998).  

If the area is grazed, restrict livestock from treated area t
allow the eroded section of the streambank to heal.  
Exclosure fences are the most efficient means to 
accomplish this goal.  Managers should resist the 
temptation to put the exclosure fences at the high water 
line.  The exclosure area should include enough of the 

o 
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riparian zone to allow the stream to shift naturally over time.  

If the area is farmed, a riparian buffer strip should be established and maintained.  A 
buffer strip on both sides of the stream should be set aside to allow for natural riparian 
vegetation and stream function.  A wider buffer strip is strongly encouraged and will 
yield greater benefits.  

Finally, a stream is an interconnected system.  Land use practices both upstream and 
downstream will affect the success of your bioengineering work.   

 

Page 28 of 99



Page 29 of 99



Page 30 of 99



Page 31 of 99



Page 32 of 99



Page 33 of 99



Page 34 of 99



Page 35 of 99



Page 36 of 99



Page 37 of 99



Page 38 of 99



Page 39 of 99



Page 40 of 99



Page 41 of 99



Page 42 of 99



HERBICIDE USE 
 
The use of herbicides for routine maintenance within aquatic or riparian areas will be restricted 
to the following activities and best management practices described in the Agreement. Best 
management practices implemented for such herbicide use are: 
 

• Utilize an Integrated Pest Management approach that considers the full range of pest 
control alternatives. Choose site-specific strategies and times of treatment that provide 
the best combination of protecting preserve resources, human health, and non-target 
organisms and that are efficient and cost-effective in controlling the target invasive 
species.  Direct the control method narrowly at the target organism to avoid broad 
impacts on the ecosystem.  Modify control methods over time as site conditions and 
treatment techniques change.  Use pesticides only where alternative methods are known 
to be ineffective.  Apply pesticides in an environmentally safe manner.  Take all 
reasonable precautions to protect the environment, the health and safety of employees, 
adjacent lands and preserve visitors. 

 
• Only herbicides and surfactants registered for aquatic use will be applied to aquatic areas 

or within the banks of channels.  All conditions of the herbicide label will be followed. 
 

• Drift will be avoided by not applying herbicides under windy conditions, and by using 
ground-based applicators, low tank pressures and spray nozzles adjusted for larger 
droplet sizes. 

 
• Herbicides will not be applied during or within 24 hours prior to rain. 

 
• None of the following activities will be undertaken in aquatic or riparian areas:  mixing, 

loading and storage of pesticides; rinsing of equipment and pesticide containers;  
 

• District staff will undergo annual pesticide safety training. 
 

croessler Page 1 2/23/2007 
S:\Permitting\dfg.mou.bmp\Routine Herbicide BMPs.doc 
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Instream Diversion Techniques  
 

Definition: A stream diversion is a temporary bypass through a pipe, flume, or excavated 
channel that carries water flow around work areas. Stream diversion is commonly used 
during culvert installation or replacement.  Where possible, a stream diversion should be 
the first choice to control erosion and sediment during the construction of culverts or 
other instream structures.  

Purpose: During construction in a watercourse, particularly culvert installation and 
repair, these temporary water bypass structures are an effective sediment and erosion 
control technique.  

Design Considerations: The selection of which stream diversion technique to use will 
depend upon the type of work involved, physical characteristics of the site, and the 
volume of water flowing through the project.  

Advantages of a pumped diversion include:  

• Downstream sediment transport can almost be eliminated  
• De-watering of the work area is possible  
• Pipes can be moved about to allow construction operations  
• The dams can serve as temporary access.  
• Increased flows can be managed by adding more pumping capacity.  

Some disadvantages of a pumped diversion are:  

• Flow volume is limited by pump capacity  
• Requires 24-hour monitoring of pumps  
• Sudden rain could overtop dams  
• Minor in-stream disturbance to install and remove dams  

Advantages of excavated channels and flumes are:  

• Isolates work from water flow and allows dewatering  
• Can handle larger flows than pumps  

Disadvantages of excavated channels and flumes are:  

• Bypass channel or flume must be sized to handle flows, including possible floods  
• Channels must be protected from erosion  
• Flow diversion and then re-direction with small dams causes in-stream 

disturbance and sediment  

Stream diversions should not be used:  

• Without identifying potential impacts to the stream channel  
• In or adjacent to water bodies until all necessary permits have been obtained  

Page 44 of 99



Instream Diversion Techniques (continued) 
 
Construction Specifications:  

Guidelines will vary based on existing site conditions.  

The pumped diversion is suitable for intermittent and low flow streams that can be 
pumped.  Pump capacity must be sufficient for design flow.  The upper limit is about 
10ft3/sec, the capacity of two 8 inch pumps.  A temporary dam is constructed upstream 
and downstream of the work area and water is pumped through the construction project in 
pipes.  Dam materials should be selected to be erosion resistant, such as steel plate, 
sheetpile, sandbags, continuous berms, inflatable water bladders, etc.  

A temporary bypass channel can also be constructed by excavating a temporary channel 
or passing the flow through a heavy pipe (called a “flume), and excavating a trench under 
it.  Typical stream sizes are less than 20 ft wide and less than 100 ft3/sec.  

Inspection and Maintenance:  

• All stream diversions must be closely maintained and monitored  
• Pumped diversions require 24-hour monitoring of pumps  
• Upon completion of the work performed, the stream diversion should be removed 

and flow should be re-directed through the new culvert or back into the original 
stream channel.  
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Instream Isolation Techniques 
  

Definition: An instream isolation technique is a temporary structure built into a waterway 
to enclose a construction area and reduce sediment pollution from construction work in or 
adjacent to water.  The structures may be made of rock, sand bags, wood or water-filled 
geotextiles (aqua barriers).   

Purpose: During construction in a watercourse, these structures are designed to reduce 
turbidity and sediment discharge, allowing contractors to follow clean water regulations.  

Design Considerations: Isolation structures may be used in construction activities such 
as streambank stabilization, culvert installation, bridges, piers or abutments.  It may be 
used in combination with other methods such as clean water bypasses and/or pumps.  

This technique should not be used:  

• If there is insufficient streamflow to support aquatic species  
• In deep water unless designed or reviewed by an engineer  
• To completely dam streamflows  

Construction Specifications: When used in watercourses or streams, cofferdams must be 
used in accordance with permit requirements.  Materials for cofferdams should be 
selected based on ease of maintenance and complete removal following construction 
activities.   

Inspection and Maintenance:  

• During construction, inspect daily during the work week.  
• Schedule additional inspections during storm events.  
• Immediately repair any gaps, holes or scour.  

Upon construction completion, the structure is removed.  

• Remove sediment buildup.  
• Remove structure.  Recycle or re-use if applicable.  
• Revegetate areas disturbed by cofferdam removal if applicable.  

 

Page 47 of 99



Page 48 of 99



Page 49 of 99



Page 50 of 99



Page 51 of 99



Page 52 of 99



Page 53 of 99



Live Pole Drains 

A live pole drain is a biotechnical and reclamation technique which is intended to drain 
excess moisture away from an unstable site.  The plants used to construct the bundles 
(willow) will sprout and grow, with the moisture continuing to drain from the lower end.  
The bundles of cuttings are usually placed in shallow trenches in a manner that they 
intersect and collect excessive slope moisture.  That excess water is then allowed to drain 
onto a stabilized area. 

Conditions Where Practice Applies  

Unstable slopes, landslides, and small slumping gullies can often be successfully treated 
with live pole drains.  This is a good technique to initiate the process of natural healing. 

Materials  

Use fascine or wattle techniques to construct the bundles.  Keep some of the twigs and 
branches on the cuttings, as this will add bulk and aid drainage.  Live pole drain bundles 
can be constructed using branches which are longer than those typically used for wattles 
or fascines.   Live pole drains  require construction stakes and/or live stakes in order to 
secure them firmly to the slope.  Sometimes large rocks may also be used to hold the 
drains down.  

Advantages  

If constructed from willow species, live pole drains will provide cover for the site and 
initial stabilization while allowing other species to invade.  The pole drains will continue 
to grow for an extended period, while allowing drainage to occur.  

David Polster, M.Sc., R.P. Bio. Plant Ecologist, British Columbia, has been extremely 
successful using live pole drains for landslides and gullies.  He has completed projects 
where the pole drains have provided initial stability and then drained water for years after 
establishment.  

Disadvantages  

Live pole drains are not effective in larger, well defined channels with concentrated 
flows, as the pole drains will simply plug the channel and cause more erosion as the 
channel adjusts to maintain capacity.  Biotechnical projects are typically conducted at 
times of the year when weather conditions are cool and moist and the plant material is 
dormant.  Timing constraints can sometimes be ameliorated by irrigation, storage of plant 
materials, or a combination of the above.  However, some reduction of plant 
establishment and vigor should be anticipated.  
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Live Pole Drains (continued) 

Implementation  

The key to successful pole drain construction is to install the drains in the areas of 
seepage, either by excavating a shallow trench or utilizing an existing drainage gully, so 
the drains intercept and control the excess moisture.  Use fascine or wattle techniques to 
construct the bundles.  The bundles should be tied tightly with twine or rope.  Place the 
bundle of cuttings in the trench.  Construct side drains as needed.  It is important to key 
the bundles into each other by jamming the ends firmly together.  

Use construction stakes and/or live stakes to hold the fascines in place.  Insert the stakes 
adjacent to the rope ties for additional support.  Stake the pole drains at 1-2 m intervals.  
Lightly backfill the bundles with native soil.  Some twigs and branches should be left 
above the ground as the willow material requires some sunlight exposure to grow.  
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Live Siltation 

Live siltation is a revegetation technique used to secure the toe of a streambank, trap 
sediments, and create fish rearing habitat.  The system can be constructed as a living or a 
non-living brushy system at the water’s edge.  

Conditions Where Practice Applies  

Live siltation is a biotechnical technique for the edges of rivers and streams.  This 
technique is useful along stream reaches where it is desired to encourage deposition and 
siltation, such as floodplains and along inner banks.  It would not be an appropriate 
practice along an outer bend without sufficient scour or toe protection.  

Materials  

Natural stone, willow wattles, logs or root wad revetments are needed for toe and scour 
protection.  The live siltation will require live branches of shrub willows of 1-1.5 m 
length.  The branches should be dormant, and need to have the side branches still 
attached.  Any woody plant material, such as alder, can be installed for a non-living 
system.  

Advantages  

This is a very effective and simple conservation method using local plant materials.  This 
technique is particularly valuable for providing immediate cover and fish habitat while 
other revegetation plantings become established.  The protruding branches provide 
roughness, slow velocities, and encourage deposition of sediment.  The depositional areas 
are then available for natural recruitment of native riparian vegetation.  

Implementation  

Construct a V-shaped trench at the mean high water (MHW) level, with hand tools or a 
backhoe.  Excavate a trench so that it parallels the toe of the streambank and is 
approximately 2 feet deep.  Lay a thick layer of willow branches in the trench so that 1/3 
of the length of the branches is above the trench and the branches angle out toward the 
stream.  Place a minimum of 40 willow branches per meter in the trench. 

Backfill over the branches with a gravel/soil mix and secure the top surface with large 
washed gravel, bundles/coir logs, or carefully placed rocks.  Both the upstream and 
downstream ends of the live siltation construction need to transition smoothly into a 
stable streambank to reduce the potential for the system to wash out.  More that one row 
of live siltation can be installed.  A living and growing siltation system typically is 
installed at MHW.  A non-living system can be constructed below MHW during low 
water levels.  If it is impossible to dig a trench, the branches can be secured in place with 
logs, armor rock, bundles made from wattles, or coir logs.  
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Modified Live Siltation 

Conditions Where Practice Applies  

Use modified live siltation for the inner bends of streams or areas periodically flooded. 

Modified live siltation can be placed in a manner which can direct high flows toward the 
center of the stream, while providing hydraulic roughness which will encourage 
deposition and siltation. 

Materials  

Primarily willow species are used for live siltation, however, even dead branches and 
non-living bundles can provide the desired hydraulic roughness.  The willow species will 
generally thrive in depositional areas.  Use willow wattles and live staking or poles.  
Rope will be needed for bundles, and wooden stakes will be needed to secure wattles. 

Advantages  

This is an inexpensive revegetation and stream stabilization technique which provides 
habitat enhancements and encourages deposition. 

Implementation  

Prepare trenches.  Trenches for modified live siltation should point in a slight upstream 
direction, no more than 20 degrees.  Lay live willow bundle or dead branch bundle into 
trench.  Secure the bundle firmly using wooden stakes.  Lay in branches for live siltation.  
Backfill trench with soil and rock.  
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Rootwad Revetment with Vegetated Riprap 

Native material revetments are viable alternatives to riprap armoring and gabion type 
structures.  Root wads and logs are constructed to protect the streambank from erosion, 
provide in-stream and overhead cover for fish.  The practice discussed here combines 
root wads with a layer of stones and/or boulder armoring, generally referred to as riprap 
revetment.  The root wads and riprap are placed along a streambank and will be vegetated 
with pole planting, brushlayering, and live staking (joint planting). 

Conditions Where Practice Applies  

The implementations of root wad revetments are beneficial if these type of structures are 
naturally-occurring in adjacent stream reaches or in similar stream types.  Analysis of 
channel morphology and stream type should be performed to determine if natural 
material revetments will achieve the desired results.  

Vegetated riprap techniques should be considered with project in streams with fishery 
resources.  See Vegetated Riprap.  The inclusion of root wads and other large woody 
debris will enhance the fishery habitat.  The root wads are intended to produce scour 
pools while the overhanging wood and vegetation will provide cover and shade. 

Materials  

The root wad should have the bole (trunk) attached to allow anchoring into the bank.  The 
length of the bole is dependent on site conditions, however, it should be a 2-m (6 foot) 
minimum.  

For the riprap component, the size and weight is dependant on design velocity or slope 
stability analysis.  A filter layer, either graded aggregate or filter fabric, placed under the 
riprap will prevent the washout (piping) of fines through the armor layer.  

Willow material for brushlayers and pole planting will be required.  The length of the 
cuttings will depend on the depth through the riprap and filter layer to the native soil.  
Live cuttings can be included and should consist of relatively straight willow branches, 
25-40 mm (1-1.5 inches) diameter and long enough to reach beyond the riprap and filter 
layer and into native ground.  

Advantages  

By combining boulders, logs and live plant materials to armor a streambank fish habitat 
is enhanced, in addition to creating a natural looking stabilization structure.  Root wad 
revetments can be used for a wide range of fishery enhancement structures for various 
stream types.  Vegetated rootwads combined with vegetated riprap can protect the 
streambank, provide in-stream and overhead cover for fish, provide shade, provide 
detritus and terrestrial insect habitat, look natural, and provide habitat diversity.  
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Rootwad Revetment with Vegetated Riprap (continued) 

Disadvantages  

The woody materials will probably not have the durability of other structural 
components.  However, the inclusion of live woody vegetation, along with the 
accompanying root reinforcement, may make these structures stronger and more durable.  

Implementation 

Use a backhoe or excavator to set a "footer" log in a trench excavated below the thalweg 
(lowest point in the channel), running roughly parallel with the bank.  A second log with 
the root wad attached is set on top of the footer log diagonally, forming an "X".  The root 
wad end is set pointing upstream into the flow and the butt end lying downstream 45-60° 
degrees.  The butt end of the root wad should be set in a trench excavated into the bank.  
Large boulders and willow poles should be used to secure the root wad, especially at the 
apex.  Placement of the willow poles into the excavations will ensure they are deeply 
embedded and able to contact the water table.  Further incorporation of live woody 
cuttings (brushlayering and pole planting) will enhance the structure.  
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Effective Silt Fence Installation 

Definition 

A silt fence is a temporary sediment barrier consisting of filter fabric entrenched into the 
soil and attached to supporting posts.  Silt fence installed with a trencher or by slicing is 
the most effective installation method to ensure against common silt fence failures.  

Purpose  

Silt fence is a sediment control practice.  Silt fence is intended to be installed where 
sediment-laden water can pond, thus allowing the sediment to fall out of suspension and 
separate from the runoff.  It is not intended to be an erosion control practice.  

Design Considerations  

Typical silt fence specifications were written 25 years ago and have changed little since.  
Some states have recognized some of the inherent problems, such as inadequate trench 
depth, and implemented minor changes to improve efficacy.  Time and experience has 
shown that the outdated construction specifications, combined with the improper 
application and incorrect installation of silt fences, has resulted in it being one of the most 
ineffective storm water pollution controls in use.  

Do not install silt fences across streams, channels, or drainage ways.  Silt fences 
cannot"filter" the volumes generated by channel flows.  When installed across a 
concentrated flow path, undercutting or "end cutting" of the fence often occurs.  Silt 
fences should not be designed to impound sediment or water more than 18 inches (0.5 m) 
high.  

Construction Specifications 

Silt fences have a useful life of one season.  Their principal mode of action is to slow and 
pond the water and allow soil particles to settle.  Silt fences are not designed to withstand 
high heads of water, and therefore should be located where only shallow pools can form.  
Their use is limited to situations in which sheet or overland flows are expected.  

• Install silt fence material into a trench, 4” wide and at least 6” deep, with vertical 
sides.  A preferred installation technique involves static slicing with an implement 
such as the "Tommy Silt Fence Machine" or equivalent.  The soil should be sliced 
and the fabric mechanically installed into the soil.  

• The trench must be backfilled and compacted.  
• Install silt fences with 'smiles' or J-hooks to reduce the drainage area that any 

segment will impound  
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Effective Silt Fence Installation (continued) 

• Silt fences placed at the toe of a slope shall be set at least 6 feet (1.8 m) from the 
toe in order to increase ponding volume.  

• The soil should be sliced and the fabric mechanically installed into the soil.  
• The height of a silt fence shall not exceed 36 inches (0.9 m).  Storage height and 

ponding height shall never exceed 18 inches (0.5 m).  
• The ends of the fence should be turned uphill.  
• Steel support posts should be utilized, properly spaced and driven into compacted 

soil.  Place the posts on the downstream side of the fabric/  
• Post spacing shall not exceed 6 feet (1.8 m).  
• The filter fabric is wire-tied directly to the posts with three diagonal ties.  Filter 

fabric shall not be stapled to existing trees.  

Inspection and Maintenance 

• Inspect fence for proper installation and compaction by pulling up on the fence 
while kicking the toe of the fabric.  If the fence comes out of the ground, do not 
“accept” the installation.  

• If there are long, linear runs of silt fence without J-hooks or “smiles”, do not 
“accept” the installation.  

• Sediment shall be cleaned from behind the fence when it reaches 50% of the 
designed impoundment height (9 inch (0.2 m).  

• Silt fences and filter barriers shall be inspected weekly after each significant 
storm (1 inch (25.4 mm) in 24 hour).  Any required repairs shall be made 
immediately.  

• Sediment should be removed when it reaches 1/3 height of the fence or 9 inches 
(0.3 m) maximum.  

• The removed sediment shall conform with the existing grade and be vegetated or 
otherwise stabilized.  

• Silt fences shall be removed when they have served their useful purpose, but not 
before the upslope area has been permanently stabilized and any sediment stored 
behind the silt fence has been removed.  
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Straw Rolls 

Straw rolls are manufactured from straw that is wrapped in black plastic netting.  They 
are approximately 200 mm (8 inches) in diameter by 8-9 m (25-30 feet) long.  Rolls are 
placed and staked along the contour of newly constructed or disturbed slopes, in shallow 
trenches. 

Conditions Where Practice Applies  

Sites appropriate for straw rolls are slopes susceptible to sheet and rill erosion, slopes 
producing dry ravel, slopes susceptible to freeze/thaw activity, or slopes difficult to 
vegetate because of soil movement.  Straw rolls are not intended for use in concentrated 
flow situations. Straw rolls will last an average of one to two years.  This is an important 
factor when planning the optimum length of time the slope will need mechanical 
stabilization.  Straw rolls can be staked with live stakes if site conditions warrant.  The 
moisture retained by the straw roll will encourage cutting establishment. 

Advantages  

Straw rolls are a relatively low-cost solution to sheet and rill erosion problems.  They 
better suited than silt fences or straw bales for placement on steep slopes.  Straw Rolls 
help establish native vegetation as rolls store moisture for vegetation planted immediately 
upslope.  The moisture retention can help in the establishment of willows from live 
cuttings.  The plastic netting will eventually photodegrade, eliminating the need for 
retrieval of materials after the straw has broken down.  The straw will become 
incorporated into the soil with time, adding organic material to the soil and retaining 
moisture for vegetation. 

Implementation  

Prepare the slope before the installation procedure is started.  Shallow gullies should be 
smoothed as work progresses.  Dig small trenches across the slope on contour to place the 
rolls in.  The trench should be deep enough to accommodate half the thickness of the 
roll.  When the soil is loose and uncompacted, the trench should be deep enough to bury 
the roll 2/3 of its thickness because the ground will settle.  

Start building trenches and install rolls from the bottom of the slope and work up.  
Construct trenches at contour intervals of 3-12 feet (1-4 m) apart depending on steepness 
of slope.  The steeper the slope, the closer together the trenches.  Make sure no gaps exist 
between the soil and the straw wattle.  Use a straight bar to drive holes through the wattle 
and into the soil for the willow or wooden stakes.  Drive the stake through prepared hole 
into the soil. Leave only 25-50 mm (1-2 inches) of stake exposed above roll.  Install 
stakes at least every 1.2 m (4 feet) apart.  Use straight willow stakes, 20-mm (3/4 inch) 
diameter in addition to wooden stakes.  
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CONSTRUCTION SPECII?ICATIONS STRUCTURL STREAMBANK STABILIZATION 

STRUCTURAL STREAMBANK STABILIZATION 

Riprap: Riprap is the most co~iimonly used structural material for stabilizing streanibanks. 
When possible, slope banks to 2: 1 or flatter, and place a gravel filter or filter fabric on the 
smoothed slopes before installing riprap. Place the toe of the riprap at least 1 foot (0 3 m) below 
the stream channel bottom or below tlie anticipated depth of channel degradation. Where 
necessary, riprap tlie entire stream cross section It is important to extend the upstream and 
downstream edges of riprap well into the bank and bottom. Extend riprap sections the entire 
length between well-stabilized points of the stream channel 

Gabions: These rectangular, rock-filled wire baslcets are pervious, semi-flexible building blocks 
or mats which can be used to armor tlie bed andlor banks of channels or to divert flow away from 
eroding channel sections. Gabions should be designed and installed in accordance with 
manufacturer's standards and specifications. 

Deflectors: Deflectors are structural barriers, in the form of groins orletties which prolect into 
the stream to divert flow away from eroding streambank sections. Stone and rock deflectors, 
used as instream structures, may also be useful for environmental and habitat enhancement 
e Live willow (or other riparian species) staking may be incorporated into the construction of 
the rock deflectors 
e The deflectors should be shaped in a 30-60-90 degree triangle with the 30 degree angle 
upstream and against the banb. 

The deflectors are generally spaced 3-5 times the length of its groin - Single wing deflectors should extend 114 to 112 of the way across the stream 

Double wing deflectors will extend no more than 114 ofthe way across the stream, opposite 
each other. The narrowest point between deflector will be 112 of the stream width. 

In general, the first and last deflectors should be double wing deflectors and the general 
deflector pattern will alternate between double wing and single wing, unless structures are 
intended to protect an outer bend Then non-alternating, consecutive single wings may be 
required. 

The rock deflector should be constructed with a 1.5 foot (0.5 m) minimum diameter rock 
Larger channels will require larger rock 
* Rock deflector should be keyed into the stream bottom a minimum of 1 foot (0.3 m) 
* The top of the rock should extend 1 foot (0.3m) above ~iormal stream flow ( near banlc) and 
slope down to a height of 0 5 feet (0.2 m) above stream flow at apex 
* The deflectors should be contiguous with riprap or other streambank protection measures. 

Reinforced Concrete may be used to armor eroding sections of the streambank by constructing 
retaining walls or bulk heads Positive drainage behind these structures must be provided. 
Reinforced concrete may also be used as a channel lining. 

Log Cribbing is a retaining structure built of logs to protect streanlbanks from erosion. Log 
cribbing is normally built on the outside of stream bends to protect the streambank from the 
impinging flow of the stream. Log cribbing can have live willow (or other riparian species) 
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CONSTRUCTION SPECIFICATIONS STRUCTURL STREAMBANI< STABILIZATION 

stalces be planted between the logs, behind the structure and immediately adjacent to the 
cribbing. 

Grid Pavers are modular concrete units with interspersed void areas which can be used to armor 
the streambank while maintaining porosity and allowing the establishment of vegetation. These 
structures may be obtained in pre-cast blocks or mats, or they may be formed and poured in 
place. Grid pavers are installed like riprap. The specific design and installation should follow 
manufacturers instructions. 

Irtspectiorr nrrd Mniitiertnrrce: All structures should be maintained in an "as built" condition., 
Structural damage caused by storm events should be repaired as soon as possible to prevent 
further damage to the structure or erosion of the streambank 
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Vegetated Mechanically Stabilized Earth 

Description: 

This technique consists of live cut branches (brushlayers) interspersed between lifts of 
soil wrapped in natural fabric, e.g., coir, or synthetic geotextiles or geogrids. The live 
brush is placed in a criss-cross or overlapping pattern atop each wrapped soil lift in a 
manner similar to conventional brushlayering. The fabric wrapping provides the primary 
reinforcement in a manner similar to that of conventional mechanically-stabilized earth 
(Koerner, 1998; Mitchell & Villet, 1987). The live, cut branches eventually root and leaf 
out, providing vegetative cover and secondary reinforcement as well. In some cases, the 
vegetative treatment may consist of using a coarse netting for the soil wraps and 
establishing an herbaceous or grass cover by simply hydroseeding through the openings 
in the fabric. 

Purpose:

Vegetated Mechanically Stabilized Earth (VMSE) can be viewed as a union between 
conventional, mechanically stabilized earth methods that utilize inert, tensile inclusions, 
and brushlayering, a soil bioengineering technique that utilizes live, cut branches as the 
tensile soil inclusions. The treatments complement one another. Fabric wraps provide the 
primary reinforcement and mechanical stabilization, permitting much steeper slopes to be 
constructed than would be possible with live brushlayers alone. The vegetation shields 
the fabric against damaging UV radiation and provides visual and habitat benefits.  

Conditions Where Practice Applies:

VMSE can be used to stabilize slopes as steep as 1V:0.5H. This technique provides an 
alternative to vertical retaining structures, e.g., timber pile walls, and to techniques that 
require slope flattening or bank lay back, which results in excessive right-of-way 
encroachment at the top of bank. The use of synthetic geotextiles or geogrids provides 
greater long-term durability and security. The fabric or geotextile wrap also provides 
additional protection to upper portions of streambanks that are subject to periodic scour 
or tractive stresses. If either steady, long term seepage or temporary bank return flows 
after flood events are a problem, the brushlayers act as a drainage layer or conduits that 
relieve internal pore water pressure, and favorably modify the groundwater flow regime 
within the slope to minimize slope stability problems.  

Complexity:

High. VMSE is relatively complex, because it entails designing, melding together, and 
constructing two similar yet distinct methods, conventional MSE and live brushlayering. 
Both techniques are widely used and well understood, however; simultaneous use 
introduces complexity.  
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Vegetated Mechanically Stabilized Earth (continued) 

Design Guidelines / Typical Drawings: 

Many different types of inclusions with various shapes and properties can be used to 
reinforce and buttress earthen slopes. These inclusions range from imbedded metal strips, 
geogrids fabricated from polymeric nets, and natural or synthetic geotextiles or fabrics. 
Earthen slopes, embankments, or structural fills that are stabilized or reinforced with such 
tensile inclusions are referred to as "mechanically stabilized earth." Shear stresses that 
develop in the soil matrix are transferred into tensile resistance in the imbedded 
inclusions via friction along the soil-inclusion interface.  

Mechanically stabilized earth retaining structures must satisfy external stability 
requirements, i.e., have adequate resistance to sliding, overturning, and bearing capacity 
failure. Internal stability requirements are also important in reinforced earth and 
mechanically stabilized earth structures. The tensile inclusions or reinforcements in these 
structures must have a sufficient unit tensile resistance and/or be placed in sufficient 
numbers to resist breaking in tension. The inclusions must also be sufficiently long and 
"frictional" enough to resist failure by pullout.  

Synthetic geogrids fabricated from high-tensile strength polymeric materials are widely 
used in reinforced earth embankments and retaining walls. Geogrids tend to have superior 
pullout resistance compared to geotextile or fabric sheets because of passive resistance 
mobilized along the transverse elements in a mesh or geogrid. They can be used either in 
a wrap-around fashion to provide both backfill reinforcement and containment at the 
front face. This approach permits the insertion of live cuttings or branches between 
successive lifts of "wrapped soil" as shown schematically in Figure 1.  

Live cuttings inserted in the above manner also act as tensile inclusions and help to 
stabilize a slope, embankment, or structural fill. Live brushlayers behave exactly in this 
fashion. Gray & Sotir (1992) discuss how brushlayers can be analyzed and their 
contribution to slope stability determined in a rational, quantitative manner. This 
contribution could be included as well when inert reinforcements are used in conjunction 
with live brushlayers such as in VMSE. In this combined approach, however, the 
contribution to mechanical reinforcement from the live cuttings is simply treated as a 
bonus, and the design analysis is focused on the fabric or geogrid reinforcements 
themselves.  

The main considerations in the design of geogrid or geotextile reinforced earthen slopes 
and embankment fills is the required vertical spacing (d) and total length (L) of the 
reinforcing layers. The total length (L) is comprised of a length or distance required to 
reach the expected failure surface in the backfill and an additional length, the effective or 
imbedment length (LE ), extending beyond the failure surface required to prevent pullout. 
The reader should consult with a geotechnical engineer as necessary. 
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Vegetated Riprap 

A layer of stones and/or boulder armoring, generally referred to as riprap revetment, 
placed along a streambank and designed to be vegetated with pole planting, 
brushlayering, and live staking (joint planting).  

Conditions Where Practice Applies  

Rock riprap is the most common and effective form of streambank protection.  Rock can 
settle and conform if some scour should occur.  Conventional riprap placement, however, 
does not increase wildlife habitat nor is it aesthetically pleasing.  It often takes many 
years for riprap to become vegetated if revegetation is not planned in advance and 
integrated with construction.  The agencies whose task it is to ensure fish habitat 
recognize that the continued use of riprap, gabions, and other inert streambank structures 
have long-term negative impacts on aquatic habitats.  

This practice applies whenever there is a desire to install riprap, which is more attractive 
and has the potential to enhance, not degrade, fish and wildlife habitat.  Additionally, 
woody vegetation establishment will prevent soil loss (piping) from behind the structures 
and increase pull out resistance.  Vegetated riprap techniques should be considered with 
projects in streams with fishery resources. 

Materials  

The main elements are quarry stone or other 
suitable rock, the size and weight dependant 
on design velocity or slope stability analysis.  
A filter layer, either graded aggregate or filter 
fabric, placed under the riprap will prevent the 
washout (piping) of fines through the armor 
layer.  

Willow material for brushlayering and pole 
planting will be required.  The length of the 
cuttings will depend on the depth through the 
riprap and filter layer to the native soil.  Live cuttings can be included and should consist 
of relatively straight willow branches, 25-40 mm (1-1.5 inches) diameter and long 
enough to reach beyond the riprap and filter layer and into native ground. 
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Vegetated Riprap (continued) 

Advantages 

Studies have shown that the frequency of revetment failure was lower in vegetated 
revetments than unvegetated sections.  The vegetation’s roots, particularly the fibrous 
willow roots, prevent washout of fines and stabilizes the native soil.  Vegetation helps to 
anchor the armor stone to the bank and increases their lift-off resistance.  In addition, 
vegetated revetments provide riparian benefits and wildlife habitat.  Vegetated riprap has 
a more natural appearance and is therefore more aesthetically pleasing.  Along 
streambanks, the vegetation will slow water velocities and encourage deposition and 
sedimentation.  Experience has shown that environmental clearances and permits are 
easier to obtain if the project has biotechnical, habitat enhancement, elements 
incorporated into the design.  

Disadvantages  

It is sometimes difficult to drive the willow stakes between the rock joints, through filter 
fabric and into the native soil.  The cuttings, brushlayering and pole planting, should be 
installed while the revetment is being constructed.  Installation of the vegetative practices 
during construction will facilitate the planting but it will requires additional care when 
placing the rock (end dumping may damage to the cuttings).  

Implementation  

The branches are inserted during construction in crushed stone or riprap so that the butt 
ends are imbedded in the soil behind the cover to a depth of 0.3-0.5 m or into the seasonal 
water table or capillary fringe.  The branch tips should protrude for approximately 0.5 m 
from the stone layer and face at an oblique angle downstream.  The lowest branches are 
below the level of the mean summer flow and well wedged amongst the stone to prevent 
them from being washed out. 
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