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level spreader
Definition

A non-erosive outlet for concentrated runoff constructed to disperse flow
uniformly across a slope.

Purpose

To convert concentrated flow to sheet flow and release it uniformly over a
stabilized area.

Conditions Where
Practice Applies

Where sediment-free storm runoff can be released in sheet flow down a
stabilized slope without causing erosion.
Where a level lip can be constructed without filling.
Where the area below the spreader lip is uniform with the slope of 10% or less
and is stable for anticipated flow conditions, preferably well-vegatated.
Where the runoff water will not re-concentrate after release.
Where there will be no traffic over the spreader.

Planning
Considerations

The level spreader is a relatively low-cost structure to release small volumes
of concentrated flow where site conditions are suitable (Figure 6.40a). The
outlet area must be uniform and well-vegetated with slopes of 10% or less.
Particular care must be taken to construct the outlet lip completely level in a
stable, undisturbed soil. Any depressions in the lip will concentrate the flow,
resulting in erosion. Evaluate the outlet system to be sure that flow does not
concentrate below the outlet (Figure 6.40b). The level spreader is most often
used as an outlet for temporary or permanent diversions and diversion dikes.
Runoff water containing high sediment loads must be treated in a sediment
trapping device before release in a level spreader.

Design Criteria

Capacity—Determine the capacity of the spreader by estimating peak flow
from the 10-year storm. Restrict the drainage area so that maximum flows into
the spreader will not exceed 30 cfs.
Spreader dimensions—When water enters the spreader from one end, as from
a diversion, select the appropriate length, width, and depth of the spreader
from Table 6.40a.
Construct a 20-foot transition section in the diversion channel so the width of
the diversion will smoothly meet the width of the spreader to ensure uniform
outflow.

Table 6.40a
Minimum Dimensions for
Level Spreader

Design Flow
cfs

Entrance
Width

Depth

End Width

Length

----minimum dimension in feet---0-10
10-20
20-30

10
16
24

0.5
0.6
0.7

3
3
3

10
20
30
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Grade—The grade of the last 20 feet of the diversion channel should provide
a smooth transition from channel grade to level at the spreader. The grade of
the spreader should be 0%.
Spreader lip—Construct the level lip on undisturbed soil to uniform height
and zero grade over the length of the spreader. Protect it with an erosionresistant material, such as fiberglass matting, to prevent erosion and allow
vegetation to become established.
Outlet area—The outlet disposal area must be generally smooth and wellvegetated with a maximum slope of 10%.
Vegetate all disturbed areas.

Construction
Specifications

1. The matting should be a minimum of 4 feet wide extending 6 inches over
the lip and buried 6 inches deep in a vertical trench on the lower edge. The
upper edge should butt against smooth cut sod and be securely held in place
with closely spaced heavy duty wire staples at least 12 inches long.
2. Ensure that the spreader lip is level for uniform spreading of storm runoff.
3. Construct the level spreader on undisturbed soil (not on fill).
4. Construct a 20-foot transition section from the diversion channel to blend
smoothly to the width and depth of the spreader.
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5. Disperse runoff from the spreader across a properly stabilized slope not to
exceed 10%. Make sure the slope is sufficiently smooth to keep flow from
concentrating.
6. Immediately after its construction, appropriately seed and mulch the entire
disturbed area of the spreader.

Maintenance

References

Inspect level spreaders after every rainfall until vegetation is established,
and promptly make needed repairs. After the area has been stabilized, make
periodic inspections, and keep vegetation in a healthy, vigorous condition.
Surface Stabilization
6.10, Temporary Seeding
6.11, Permanent Seeding
Runoff Control Measures
6.20, Temporary Diversions
6.21, Permanent Diversions
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Outlet stabilization structure

Definition

A structure designed to control erosion at the outlet of a channel or conduit.

Purpose

To prevent erosion at the outlet of a channel or conduit by reducing the velocity
of flow and dissipating energy.

Conditions Where
Practice Applies

This practice applies where the discharge velocity of a pipe, box culvert,
diversion, open channel, or other water conveyance structure exceeds the
permissible velocity of the receiving channel or disposal area.

Planning
Considerations

The outlets of channels, conduits, and other structures are points of high erosion
potential because they frequently carry flows at velocities that exceed the
allowable limit for the area downstream. To prevent scour and undermining,
an outlet stabilization structure is needed to absorb the impact of the flow and
reduce the velocity to non-erosive levels. A riprap-lined apron is the most
commonly used practice for this purpose because of its relatively low cost
and ease of installation. The riprap apron should be extended downstream
until stable conditions are reached even though this may exceed the length
calculated for design velocity control.
Riprap-stilling basins or plunge pools reduce flow velocity rapidly. They
should be considered in lieu of aprons where pipe outlets are cantilevered
or where high flows would require excessive apron length (Figure 6.41a).
Consider other energy dissipaters such as concrete impact basins or paved
outlet structures where site conditions warrant.
Alternative methods of energy dissipation can be found in Hydraulic Design
of Energy Dissipaters for Culverts and Channels, Hydraulic Engineering
Circular No. 14, U.S. Department of Transportation, Federal Highway
Administration.
The installation of a culvert in a stream is subject to the conditions of a U.S.
Army Corps of Engineers 404 Permit and a N.C. Division of Water Quality
401 Certification. These permit conditions may not allow the use of a riprap
apron, and may require that the bottom of the culvert be buried below the
natural stream bed elevation. A pre-formed scour pool or plunge pool should be
considered in these situations. Plunge pool designs in streams should not use a
cantilevered outlet because it would pose a barrier to migration of aquatic life
through the culvert. Reducing the outlet velocity may require a combination
of techniques, including a culvert with a flat bottom, a downstream cross vane
to create tail-water at the pipe outlet, and/or a preformed scour pool.

Design Criteria
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Capacity—10-year, peak runoff or the design discharge of the water
conveyance structure, whichever is greater.
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Tail-water depth—Determine the tail-water depth immediately below the
culvert or pipe outlet based on the design discharge. The ratio of tail-water
depth to pipe diameter must be determined in order to select the appropriate
riprap apron or plunge pool design method.
Plunge Pools—Two plunge pool methods are presented in Appendix 8.06,
the USDA Plunge Pool Design at Submerged Pipe Spillway Outlets, and the
USDA Riprap Lined Plunge Pool for Cantilevered Outlet. Software from the
Federal Highway Administration can be downloaded at http://www.fhwa.dot.
gov/engineering/hydraulics/software.cfm. Excel spreadsheets for the USDA
methods are available through the Land Quality web-site at http://www.dlr.
enr.state.nc.us/pages/links.htm.
Figure 6.41a Typical plunge pool
design showing variable dimensions.
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Riprap Aprons size—The apron length and width can be determined
according to the tail-water condition. If the water conveyance structure
discharges directly into a well-defined channel, extend the apron across the
channel bottom and up the channel banks to an elevation of 0.5 foot above the
maximum tail-water depth or to the top of the bank, whichever is less (Figure
6.41c).
Determine the maximum allowable velocity for the receiving stream, and
design the riprap apron to reduce flow to this velocity before flow leaves
the apron. Calculate the apron length for velocity control or use the length
required to meet stable conditions downstream, whichever is greater.
Grade—Ensure that the apron has zero grade. There should be no overfall
at the end of the apron; that is, the elevation of the top of the riprap at the
downstream end should be the same as the elevation of the bottom of the
receiving channel or the adjacent ground if there is no channel.
Alignment—The apron should be straight throughout its entire length, but if
a curve is necessary to align the apron with the receiving stream, locate the
curve in the upstream section of riprap.
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Materials—Ensure that riprap consists of a well-graded mixture of stone.
Larger stone should predominate, with sufficient smaller sizes to fill the voids
between the stones. The diameter of the largest stone size should be no greater
than 1.5 times the d50 size.
Thickness—Make the minimum thickness of riprap 1.5 times the maximum
stone diameter.
Stone quality—Select stone for riprap from field stone or quarry stone. The
stone should be hard, angular, and highly weather-resistant. The specific
gravity of the individual stones should be at least 2.5.
Filter—Install a filter to prevent soil movement through the openings in
the riprap. The filter should consist of a graded gravel layer or a synthetic
filter cloth. Design filter blankets by the method described in Practice 6.15,
Riprap.
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Construction
Specifications

1. Ensure that the subgrade for the filter and riprap follows the required lines
and grades shown in the plan.  Compact any fill required in the subgrade to the
density of the surrounding undisturbed material.  Low areas in the subgrade on
undisturbed soil may also be filled by increasing the riprap thickness.
2. The riprap and gravel filter must conform to the specified grading limits
shown on the plans.
3. Filter cloth, when used, must meet design requirements and be properly
protected from punching or tearing during installation.  Repair any damage by
removing the riprap and placing another piece of filter cloth over the damaged
area.   All connecting joints should overlap so the top layer is above the
downstream layer a minimum of 1 foot.  If the damage is extensive, replace
the entire filter cloth.
4. Riprap may be placed by equipment, but take care to avoid damaging the
filter.
5. The minimum thickness of the riprap should be 1.5 times the maximum
stone diameter.
6. Riprap may be field stone or rough quarry stone.   It should be hard,
angular, highly weather-resistant and well graded.
7. Construct the apron on zero grade with no overfill at the end.  Make the
top of the riprap at the downstream end level with the receiving area or slightly
below it.
8. Ensure that the apron is properly aligned with the receiving stream
and preferably straight throughout its length.  If a curve is needed to fit site
conditions, place it in the upper section of the apron.
9. Immediately after construction, stabilize all disturbed areas with vegetation
(Practices 6.10, Temporary Seeding, and 6.11, Permanent Seeding).

Maintenance

References

Inspect riprap outlet structures weekly and after significant (1/2 inch or greater)
rainfall events to see if any erosion around or below the riprap has taken place,
or if stones have been dislodged.   Immediately make all needed repairs to
prevent further damage.
Surface Stabilization
6.10, Temporary Seeding
6.11, Permanent Seeding
6.15, Riprap
Appendix
8.06, Design of Riprap Outlet Protection
Rice, C.E., Kadavy, K.C  “Riprap Design for Pipe Spillways at                       
-1 < TW/D < 0.7”  Presented at the December 13, 1994 International Winter
Meeting, American Society of Agricultural Engineers, Paper Number
942541.
Rice, C.E. and K.C. Kadavy. 1994, Plunge Pool Design at Submerged Pipe
Spillway Outlets.  Transactions of the ASAE 37(4):1167-1173.
FHWA.  1983.  Hydralic Design of Energy Dissipaters for Culverts and
Channels.  Hydraulic Engineering Circular Number 14.
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