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Streams & Banks

The inevitable results of removing vegetation, disturbing soil surfaces, and decreasing area available for rainfall
infiltration are downstream flooding and increased sediment loads. Streambanks are subjected to greater

stream velocities during unprecedented flood flows. In addition, as flood flows subside, excessive sediment load
may be deposited on the streambed, thereby reducing the channel’s flood-carrying capacity. If this material is not
scoured out before the next flood event, the stream may widen to accommodate flow volume.

In a stream that is well balanced, the elevation of the streambed remains relatively constant. If streambanks are
failing, consider the possibility that the streambed is rising or dropping, altering supporting conditions. Streams
experiencing active bed scour can be identified by the presence of small waterfalls or a short reach of rough water
in an otherwise tranquil stream (often called headcutting or incision).

Streambank protection methods discussed on the following pages are:

Bank stabilization

Beaver

Check Dams

Dikes/Groins

Fences

Filter Cloth Dikes

Gabions and wire mattresses

Level Spreaders

Revetments

Riprap Blankets

Stream Crossings (Temporary)

Tires

Vegetation
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DEFINITION:

An effort made to curtail human-induced rates and types of change such as the undercutting of banks,
bank failure, and streambed incision, while causal factors are addressed

APPROPRIATE FOR:

❖ enhancing soil- and water-conservation efforts;

❖ improving water quality; and

❖ narrowing and deepening the water channel.

NOTE:

Bank stabilization is considered to be a temporary treatment; address causal factors.

DESIGN/CONSTRUCTION:

Wherever possible, work from above stream rather than in it. Perform instream work during
low-flow periods.

If vegetation must be cleared to facilitate bank work, trim branches, but do NOT remove root masses.

For straight and slightly curved banks, anchor discarded Christmas trees or other large slash to the bank,
one tree/yard, angled downstream. These reduce water velocity (by as much as 70%) and trap sediment.

To stabilize outside bends, use riprap (2’ angular rock) or gabions (filled with stone free of silt, sand,
and gravel).

On second- and third-order streams, anchor logs (10-12” in diameter) end to end at the base of the bank
(on streambed). Anchor with 7’ lengths of 1/2” or 5/8” rebar, driven in approximately 6’ at a 45° angle.
Bend the remaining 1’ length downstream. Backfill with stones to prevent undercutting, and soil
to support revegetation.

BANK STABILIZATION
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BEAVER DAMS

APPROPRIATE FOR:

❖ forming natural gully plugs and, thereby, increase sediment deposition and storage;

❖ trapping seasonal runoff;

❖ reactivating or increase extent of floodplain;

❖ increasing streambank water storage and aquifer recharge;

❖ re-elevating the bed level of incised streams;

❖ advancing riparian succession;

❖ creating favorable microsite conditions and maximize vegetative stabilization of the drainage

❖ creating natural fire breaks;

❖ creating habitat for insects, waterfowl, browsers, and their respective predators; and

❖ conditions where desired result is transformation of pioneer woody vegetation habitat into physical features
that result in the expansion of floodplains, riparian community structure, diversity, and productivity.

DESIGN/IMPLEMENTATION:

Do NOT introduce beaver where they were not endemic, as they can significantly interfere with
fish movements and alter habitats.

Start low in first-, second-, and third-order drainages, or below areas of erosion.

Import beavers in the Fall, allowing enough time for them to gather and cache food, but limiting
their time to explore before preparing for winter. Consider supplying a food cache in the general vicinity
of desired settlement.

Special management may be required to maximize woody and herbaceous plant regrowth.

Work in cooperation with any nearby landowners.
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CHECK DAMS

APPROPRIATE FOR:

❖ reducing flow velocity,

❖ enhancing sediment deposition, and ultimately

❖ causing the streambed to accrete.

DESIGN/CONSTRUCTION:

To prevent undercutting, bury toe.

To prevent flanking, arc the dam upstream
far enough that the toes of the ends are
higher in elevation than the water surface.

Monitor downstream banks for signs of erosion,
as streambank is likely to be starved of sediment
while upstream bed accretes.

Do NOT use/reuse:

• sand-cement blankets, as they are
impermeable, fragile, and susceptible
to frost heaving;

• garbage;

• vegetation;

• gypsum board;

• discarded roofing materials; or

• scrap lumber or metal.

(See also “Check Dams” in Watershed Surfaces,
page 5)

DEFINITION:

An obstruction built of erosion-resistant materials (e.g., stone, gabions, concrete, sand-cement bags, treated
timber, metal) spanning a stream and keyed well into each bank
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BOULDER DROP STRUCTURE

DEFINITION:

Boulders placed in an incised stream channel

APPROPRIATE FOR:

❖ impounding sediment;

❖ raising the level of the streambed, thereby,

❖ raising the local water table; and

❖ providing groundwater for riparian vegetation.

DESIGN/CONSTRUCTION:

Arc the structure so that the ends point upstream.

Anchor or key the end boulders well beyond the streambank.

Construct a buried concrete cutoff wall flanking the end boulders.
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DIKES/GROINS (PERMEABLE)

DIKES/GROINS (IMPERMEABLE)

APPROPRIATE FOR:

❖ sites where current must be deflected from bank.

DESIGN/CONSTRUCTION:

Use logs, brush, stone.

Place first groin above erosion site.
(One is usually not enough to prevent erosion.)

Test current by floating debris past structure.
Do this when water level is at the height
that causes greatest erosion.

Build successive dikes where the current
carries objects back to the shoreline.

DEFINITION:

Permeable structures built perpendicular to
the shore and extending out into a water body

APPROPRIATE FOR:

❖ sites where sediment deposition is desired, and

❖ streams which have a high sediment load.

DESIGN/CONSTRUCTION:

Use wire mesh or boards.

Bury supporting posts at least 18”,
and protect from toe scour.

Consider debris impacts, and monitor
accordingly.
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CHANNEL STABILIZATION

DEFINITION:

Any site-specific effort to reduce the rate
at which a channel is altered by its flow

APPROPRIATE FOR:

❖ situations where the value of a facility or
natural resource adjacent to a stream outweighs
the value of allowing the stream to meander;

❖ sites where banks are failing; and

❖ sites of streambed incision.

DESIGN/CONSTRUCTION:

Materials for flexible linings include vegetation,
soil retention blankets, gravel, and riprap.

Materials for rigid linings include concrete,
stone masonry, soil cement, or grouted riprap.

If channel is to be lined with riprap,
slopes may be up to 30% grade (2:1).

Use a filter blanket of at least one layer
of granular filter, or a geotextile, before
placing riprap. Consult site-specific plan
for specifications.

If channel is to be lined with vegetation,
slopes must be 22% grade (4:1) or gentler.

Remove trees, brush, roots, and
other obstructions.

Consult site-specific plans for grade
and cross-section.

MAINTENANCE:

Check for integrity of filter blanket lining,
where applicable.

FENCES

DEFINITION

Barrier designed to enclose or exclose an area

APPROPRIATE FOR:

❖ streams with high sediment loads.

DESIGN/CONSTRUCTION

If stream carries heavy debris at flood stage,
design fence to stand well below high-water,
so that debris will float over the structure.

Use galvanized hardware.

Bury fence posts 1/2 to 2/3 of their total length.
If streambed is sandy and flood velocities are
10-15’/second, bury posts at least 15’.

Protect toe with riprap.

Secure fence at ends and along its length.

Where erosion is severe, use a double row.

(See also the Introduction,
“Fencing” in Watershed Surfaces, page 8, and
“Fencing and Armoring” in Plantings &
Vegetation, page 29)

FILTER-CLOTH DIKE

DEFINITION:

Wire-fence dikes placed in incised
stream channels.

APPROPRIATE FOR:

❖ impounding sediment;

❖ raising the level of the streambed and, thereby,

❖ raising the local water table; and

❖ providing groundwater for riparian vegetation.

DESIGN/CONSTRUCTION:

Secure one or two rows of steel fence posts
in streambed and banks

String wire across posts.

Attach filter cloth on upstream side.

Bury cloth.
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GABIONS

DEFINITION:

Wire baskets filled with rock

APPROPRIATE FOR:

❖ use in stream channels;

❖ situations in which available stone
is too small by itself to resist erosion;

❖ situations where a permanent structure
is desirable;

❖ reinforcing banks steeper than 1:2;

❖ slowing the flow of water;

❖ trapping sediment;

❖ restoring the original level of incised
stream channels; and

❖ increasing penetration of water into soil.

DESIGN/CONSTRUCTION:

Fabricate wire cages approximately
3’ x 1.5’ x 1.5’ in size.

Use wire mesh heavy enough to retain
its shape when filled with rock. Use sturdy,
erosion-resistant wire to bind the cage.

Fill in place with available rock.

Stack gabions like bricks, overlapping each
succeeding row.

If gabions are used in channels, arc barrier to
concentrate flow away from banks, key ends
securely into each bank, and lay an apron of
rock to prevent erosion at toe of the structure.

MAINTENANCE:

Check routinely. Add layers as necessary.

DEFINITION:

A level, non-erosive lip and/or surface placed at
the downstream end of a channel carrying water

APPROPRIATE FOR:

❖ dispersing water flowing gently from a channel;

❖ preventing erosion.

DESIGN/CONSTRUCTION:

The grade of the channel discharging onto
the level spreader must be no greater than 1%
for the last 20’ of the channel.

The transition from the channel end to
the spreader must be smooth.

The grade of the level spreader channel
must be 0%.

The lip must be uniformly leveled at 0% grade.
It must be constructed of non-erosible material
(e.g., erosion-control blanket, pressure-treated
timbers, concrete curbing).

MAINTENANCE:

Prevent construction vehicles from moving
across the structure.

Inspect after every rainfall. Repair promptly,
as necessary.

LEVEL SPREADERS
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REVETMENTS (BUILT OF SACKS)

DEFINITION:

Erosion resistent blankets of rock, cement block,
or sacks placed on a bank or shoreline

APPROPRIATE FOR:

❖ situations in which stone is not an economical
alternative; and

❖ sites where bank will remain steeper than 1:2
(1:1 maximum).

DESIGN/CONSTRUCTION:

If permanent protection is desired,
fill with at least 15% cement and 85% dry sand
by weight.

Begin below elevation of any possible scour.

Stack like bricks.

Cement may leach through sack and seal surface,
preventing ground water drainage,
unless weepholes are included in design.

Step back successive rows 1/2-bag width.

Hose sacks or allow naturally available moisture
to set up cement.

(See also “Revetments” in Shorelines, page 79)

NOTE:

Sacks will give way eventually.
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RIPRAP/RIPRAP BLANKETS

DEFINITION:

Natural rock placed on a slope or bank to prevent erosion

APPROPRIATE FOR:

❖ use at the toe of a slope to prevent scouring (while vegetation is used on upper bank);

❖ use as a blanket on slope to minimize erosion; and

❖ use at the top of a bank to forestall advancing rill erosion (windrow revetment).

DESIGN/CONSTRUCTION:

Select stones large enough that they are not susceptible to movement by the current. (A mixture of stones
20-200 pounds is suitable for sites where stream velocity does not exceed 10’/second at flood stage.)
If large enough stone is not available, consider laying galvanized wire mesh over a stone blanket
and securing with bent rebar “staples.”

Angular stones interlock. River cobble (rounded stone) is NOT stable enough for this purpose.

Thickness of the blanket above water level must be 1.5 times the diameter of the largest stones,
or 2 times the average diameter (usually 12-18” thick).

Thickness of the blanket below water level must be 50% greater than the thickness above water level.

Maximum slope steepness is 30% (1:2).

To prevent silt or fine sand substrate from being eroded from under the blanket,
lay a layer of gravel or filter cloth beneath riprap.

To prevent blanket from sliding or being undercut at the toe, trench and fill the streambed at the toe
with riprap, or extend an apron out onto the level streambed.

To stabilize upstream and downstream ends, trench and fill with riprap; the trench must be twice as deep
as the depth of the blanket and three times as wide at its base.

For a windrow revetment, place rock at top of bank; as bank erodes, rock will fall into place to prevent
progression of the erosion.

NOTE:

For a windrow revetment, exercise caution to avoid overloading the bank.
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APPROPRIATE FOR:

❖ serving road and trail detours while bridge and/or culverts
are being constructed, repaired, or replaced.

DESIGN/CONSTRUCTION:

Include in plans a description/diagram of the stream’s original contours/features
for restoration purposes.

For bridges, use wood, metal, or other appropriate material.

Cross at right angles to the stream.

To minimize contamination of water with sediment derived from construction activities,
pipe water through the active construction site.

Design the bridge to span the channel at or above bank elevation. Anchor securely
with steel cable or chain.

Pipes are necessary to conduct water beneath crossings constructed of aggregate.
Use reinforced concrete, corrugated metal pipe no longer than 40”. Line the stream bed
and banks with a geotextile before placing the pipes and aggregate. The textile must extend
at least 12” beyond the end of the pipe/culvert. The pipe/culvert must extend at least 12”
beyond the toe of the aggregate embankment.

If the structure is to be in place less than a month, select pipe diameter to accommodate
flow from a 2-year-frequency storm. If structure is to be in place for longer than a month,
plan to accommodate a 5-year-frequency storm. Minimum diameter is 18”.

Imbed pipe 12” into channel, and backfill.

If more than one pipe is used, allow distance of 1/2 diameter of the pipe between them
(no less than 12”, no more than 36”). Fill between pipes with aggregate.

NOTE:

To minimize the adverse impacts of on-site handling of fill imported or excavated
for wetland projects, protect wetland surfaces with geotextile or a 2’ bed of straw
before depositing fill materials even temporarily.

MAINTENANCE:

Inspect after each storm event and repair immediately.

When the crossing is no longer necessary, restore the stream to its original configuration.

STREAM CROSSING (TEMPORARY)
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TIRES

DEFINITION:

The use of tires as a blanket to stabilize a slope
or bank while vegetation becomes established

APPROPRIATE FOR:

❖ situations in which reuse is an economical
alternative;

❖ sites where appearance is not a drawback until
vegetation obscures structure.

DESIGN/CONSTRUCTION:

Pre-sort by size.

Drill or burn holes in walls to allow drainage
and prevent flotation.

Reinforce toe with riprap apron or trench.

Stack like bricks.

Set each row back 6-12”.

Cable tires together, and secure to back
with deadmen.

Fill with gravel.

Backfill with porous material
to enhance drainage.

Plant with willows or other vegetation.

VEGETATION

DEFINITION:

The use of plantings to stabilize slopes
and banks

APPROPRIATE FOR:

❖ providing immediate protection;

❖ intercepting rainfall impact and sheet flow;

❖ holding soils together, increasing bank stability,
preventing undercutting (especially woody
vegetation which has more extensive
root systems);

❖ increasing penetration of moisture;

❖ increasing absorption; and

❖ decreasing instream flow velocity and, therefore,
erosive action.

DESIGN/IMPLEMENTATION:

Protect vegetation from trampling, grazing,
and browsing.

(See Plantings & Vegetation, pages 23-55)
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