Greenville County Technical Specification for:

EC-07: OUTLET PROTECTION
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Outlet Protection
Description

Outlet protection must be provided at all existing and newly installed outlets, within the construction site’s
boundary, that discharge stormwater runoff from the disturbed areas. Silt fence may not be used as outlet
protection.

Outlet protection dissipates the energy of concentrated storm water flows thereby reducing erosion or
scouring at storm water outlets and paved channel sections. In addition, outlet protection lowers the potential
for downstream erosion. This type of protection can be achieved through a variety of techniques, including
permanent turf reinforcement mats (TRMSs), stone or riprap, concrete aprons, paved sections and other
structural measures.

The techniques outlined in this section are not the only techniques that may be used for outlet protection
design. This section only shows one method for outlet protection design as an example of the variables that
need to be considered in the design. Other methods utilized that are not discussed in this Design Manual
should include all graphs, charts, and calculations verifying that the protection will be able to handle the peak
flow velocities and flow depths.

Design

The design of outlets for pipes and channel sections applies to the immediate area or reach below the pipe or
channel and does not apply to continuous lining and protection of channels or streams. Notably, pipe or
channel outlets at the top of cut slopes or on slopes steeper than 10 percent should not be protected using
just outlet protection. This causes re-concentration of the flow that results in large velocities when the flow
leaves the protection area. Outlet protection may be designed according to the following criteria:

Round Pipe Flowing Full
1. Flow Velocity:

The flow velocity at the outlet flowing at design capacity shall not exceed the permissible velocity of
receiving unprotected grass-lined channels as provided in Table 1.

2. Tailwater Depth:

The depth of tailwater immediately below the pipe outlet must be determined for the design capacity of the
pipe. Manning's Equation may be used to determine tailwater depth. If the tailwater depth is less than % the
diameter of the outlet pipe, it should be classified as a Minimum Tailwater Condition. If the tailwater depth
is greater than % the pipe diameter, it should be classified as a Maximum Tailwater Condition. Pipes which
outlet onto flat areas with no defined channel may be assumed to have a Minimum Tailwater Condition.

3. Protection Length:
The required protection length, La, according to the tailwater condition, should be determined from the

appropriate graphs provided in Figure 8-6 (minimum tailwater condition) and Figure 8-7 (maximum tailwater
condition) in Appendix K.
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4. Protection Width:

When the pipe discharges directly into a well-defined channel, the protection should extend across the
channel bottom and up the channel banks to an elevation one foot above the maximum tailwater depth or to
the top of the bank (whichever is less).

If the outlet discharges onto a flat area with no defined channel, the width of the protection should be
determined as follows:

e The upstream end of the protection, adjacent to the outlet, should have a width three times the
diameter of the outlet pipe (3D).

e For a Minimum Tailwater Condition, the downstream end of the protection should have a width
equal to the pipe diameter plus the length of the apron (D + La).

e For a Maximum Tailwater Condition, the downstream end of the protection should have a width
equal to the pipe diameter plus 0.4 times the length of the apron (D +0.4* La).

5. Bottom Grade: The protection shall be constructed with no slope along its length (0 percent grade) where
applicable. The downstream invert elevation of the protection should be equal to the elevation of the invert
of the receiving channel. There shall be no overfalling at the end of the protection.

6. Side Slopes: If the outlet discharges into a well-defined channel, the receiving side slopes of the channel
should not be steeper than 3H: 1V.

7. Alignment: The protection should be located so there are no bends in the horizontal alignment.
8. Materials:

The preferred protection lining shall be with an appropriate permanent turf reinforcement matting (TRM).
The shear stress and maximum velocity should be calculated to determine which type of TRM is applicable
for the situation

When conditions are too severe for TRMs the protection may be lined with riprap, grouted riprap, concrete,
or gabion baskets. The median size of stone for riprap may be determined for the applicable tailwater
condition from Figures 8-6 and 8-7 in Appendix K.

In all cases, a non-woven geotextile filter cloth should be placed between the riprap and the underlying soil
to prevent soil movement into and through the riprap.

1.2.2 Multiple Pipes Discharging at Single Point

For multiple pipe outlet scenarios; the permissible flow velocity (1), tailwater condition (2), bottom grade
(5), Sideslopes (6), and Alignment (7) should be determined/designed using the same method for a single
pipe as identified in Section 1.2.1.

The protection length (3) will be determined by selecting an equivalent pipe diameter which has a flow rate
equal to or greater than the sum of flow rates for the multiple pipes for the given pipe outlet slope. The
reference tables at the bottom of this specification provide flow rates for pipe diameters at various slopes.

The protection width (4) will be determined as described below:
When the pipe discharges directly into a well-defined channel, the protection should extend across the

channel bottom and up the channel banks to an elevation one foot above the maximum tailwater depth or to
the top of the bank (whichever is less).
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If the outlet discharges onto a flat area with no defined channel, the width of the protection should be

determined as follows:

e The upstream end of the protection, adjacent to the outlet, should have a width three times the sum
of all pipe diameters of the multiple pipes 3(3.D).
e For a Minimum Tailwater Condition, the downstream end of the protection should have a width
equal to the sum of all pipe diameters plus the length of the apron (3D + La).
e For a Maximum Tailwater Condition, the downstream end of the protection should have a width

equal to the sum of all pipe diameter plus 0.4 times the length of the apron (3D +0.4* La).

1.2.3 Outlet Velocity

The flow velocity at the outlet flowing at design capacity shall not exceed the permissible velocity of

receiving unprotected grass lined channels as provided in Table 1.

Table 1: Maximum Permissible Velocities for Unprotected Grass Lined Channels

Lespedeza Sericea
Small Grains
Temporary Vegetation

Channel Slope Lining Velocity (ft./sec.)**
Bermuda Grass 8
KY-31 Tall Fescue 7
Kentucky Bluegrass 7
Reed Canarygrass 7
0-5%
Grass-legume Mixture 5
Lespedeza Sericea 35
Small Grains 35
Temporary Vegetation 3.5
Bermuda Grass 7
KY-31 Tall Fescue 6
Kentucky Bluegrass 6
Reed Canarygrass 6
5-10 %
Grass-legume mixture 4

Not Recommended
Not Recommended
Not Recommended

Greater than 10%

Bermuda Grass

KY-31 Tall Fescue
Kentucky Bluegrass
Reed Canarygrass

Grass-legume mixture
Lespedeza Sericea

Small Grains
Temporary Vegetation

6

5
5
5

Not Recommended
Not Recommended

Not Recommended
Not Recommended

Source: Elementary Soil and Water Engineering, Shwab et. al.
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Installation

Pipe or channel outlets at the top of cut slopes or on slopes steeper than 10% should not be protected using just
outlet protection. This causes re-concentration of the flow that results in large velocities when the flow leaves
the protection area.

Follow specific standards for installation of the selected materials used for outlet protection.
Follow all Manufacturer’s installation procedures for TRMs and other manufactured products.

A Manufacturer’s Representative may be required to oversee all installation procedures and officially approve
the installation of manufactured products used for outlet protection.

Inspection and Maintenance

Periodically check all outlet protection, aprons, plunge pools and structural outlets for damage. Immediately
make all needed repairs to prevent further damage.

If any evidence of erosion or scouring is apparent, modify the design as needed to provide long term protection
(keeping in mind fish passage requirements if applicable).

Inspect outlet structures after heavy rains to see if any erosion has taken place around or below the structure.

Preventive Measures and Troubleshooting Guide:

Field Condition Common Solutions

Riprap washes away.

Apron is displaced.

Scour occurs around apron or riprap.

Replace riprap with a larger diameter based on the pipe diameter and
discharge velocity.

Align apron with receiving water and keep it straight throughout its length.
Repair damaged fabric and replace riprap that has washed away.

Remove damaged TRM or riprap, fill in scoured areas, and repair damage
to slopes channels or underlying filter fabric. Reinstall outlet protection.

Outlet erodes. Stabilize TRM outlets with vegetation, replace eroded riprap; grout riprap.
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Table 2: Flowrates for Concrete Pipes

January 2018 Page 5




Table 3: Flowrates for HDPE Pipes

PVC/HDPE Full Pipe Flow (CFS
Pipe Size (inches)
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Table 4: Flowrates for CMP Pipes

CMP Full Pipe Flow (CFS)
Pipe Size (inches)
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