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Chapter 6 contains Standards and Specifications for structural and vegetative 
erosion and sediment control practices.  Specifications given in this section 
are guidelines, and are intended to minimize the time required to design 
practices for use under typical site conditions.  Unusual conditions may 
dictate that specifications be modified and practices specially designed.  
Exceptions to these guidelines may be made based on best professional 
judgement. Additional guidelines on the design and use of practices are 
contained in the appendices.

The vegetative and structural measures described in this chapter are not 
intended to stand alone.  Rather, they should be employed as a system, 
sequenced and sited to control erosion and sedimentation during development, 
and to stabilize disturbed land as development is completed.  On most sites 
successful erosion and sedimentation control requires combining structural 
and vegetative practices into a comprehensive plan.  Design professionals 
should consider the changing requirements of their site when determining 
the sequence in which practices are to be implemented and should recognize 
the importance of vegetative and other groundcover for stabilizing disturbed 
areas.
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Practice Standards and Specifications

CONSTRUCTION SEQUENCE SCHEDULE

Definition A specified work schedule that coordinates the timing of land-disturbing 
activities and the installation of erosion and sedimentation control measures.

Purpose To reduce on-site erosion and off-site sedimentation by performing land-
disturbing activities, and installing erosion and sedimentation control practices 
in accordance with a planned schedule.

Conditions Where 
Practice Applies

All land-development projects that will disturb more than one contiguous 
acre.

Planning 
Considerations

The removal of existing surface ground cover leaves a site vulnerable to 
accelerated erosion.  Good planning will reduce land clearing, provide 
necessary controls, and restore protective cover in an efficient and effective 
manner.  Appropriate sequencing of construction activities can be a cost-
effective way to help accomplish this goal.

Scheduling considerations are summarized in Table 6.01a.  The generalized 
construction activities shown in the table do not usually occur in a specified 
linear sequence, and schedules will vary due to weather and other unpredictable 
factors.  However, the proposed construction sequence should be indicated 
clearly in the erosion and sedimentation control plan.

Construction access is normally the first land-disturbing activity.  Exercise 
care not to damage valuable trees or disturb designated buffer zones.

Next, install principal sediment basins and traps before any major site grading 
takes place.  Erect additional sediment traps and sediment fences as grading 
takes place to keep sediment contained on-site at appropriate locations.

Locate key runoff-control measures in conjunction with sediment traps to 
divert water from planned undisturbed areas out of the traps and sediment-
laden water into the traps.  Install diversions above areas to be disturbed 
prior to grading.  Place necessary perimeter dikes with stable outlets before 
opening major areas for development.  Install additional needed runoff-control 
measures as grading takes place.

Install the main runoff conveyance system with inlet and outlet protection 
devices early, and use it to convey storm runoff through the development site 
without creating gullies and washes.  Install inlet protection for storm drains 
as soon as the drain is functional to trap sediment on-site in shallow pools and 
to allow flood flows to safely enter the storm drainage system.  Install outlet 
protection at the same time as the conveyance system to prevent damage to 
the receiving stream.

Normally, install stream stabilization, including necessary stream crossings, 
independently and ahead of other construction activities.  It is usually best to 
schedule this work as soon as weather conditions permit.  Site clearing and
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Table 6.01a 

Considerations for Construction Scheduling
 Construction activity1 Schedule Consideration

Construction access.  Construction entrance, construction 
routes, equipment parking areas. 

First land-disturbing activity—Stabilize bare areas immediately 
with gravel and temporary vegetation as construction takes 
place.

Sediment traps and barriers.  Basin traps, sediment fences, 
and outlet protection.

Install principal basins after construction site is accessed.  
Install additional traps and barriers as needed during 
grading.

Runoff control.  Diversions, perimeter dikes, water bars, and 
outlet protection.

Install key practices after principal sediment traps and before 
land grading.  Install additional runoff-control measures during 
grading.

Runoff conveyance system.  Stabilize streambanks, storm 
drains, channels, inlet and outlet protection, and slope 
drains.

Where necessary, stabilize streambanks as early as possible.  
Install principal runoff conveyance system with runoff-control 
measures.  Install remainder of system after grading.

Landing clearing and grading.  Site preparation—cutting, 
filling and grading, sediment traps, barriers, diversions, drains, 
and surface roughening.

Begin major clearing and grading after principal sediment 
and key runoff-control measures are installed.  Clear borrow 
and disposal areas only as needed.  Install additional control 
measures as grading progresses.  Mark trees and buffer 
areas for preservation.

Surface stabilization.  Temporary and permanent seeding, 
mulching, sodding, and riprap.

Apply temporary or permanent stabilization measures 
immediately on all disturbed areas where work is delayed or 
complete.

building construction.  Buildings, utilities, and paving. Install necessary erosion and sedimentation control practices 
as work takes place.

Landscaping and final stabilization.  Topsoiling, trees and 
shrubs, permanent seeding, mulching, sodding, and riprap.

Last construction phase—Stabilize all open areas, including 
borrow and spoil areas.  Remove and stabilize all temporary 
control areas. 

1 Maintenance, (1) maintenance inspections should be performed weekly, and (2) after periods of rainfall, maintenance repairs 
should be made immediately.

project construction increases storm runoff, often making streambank 
stabilization work more difficult and costly.

Begin land clearing and grading as soon as key erosion and sediment 
control measures are in place.  Once a scheduled development area is cleared, 
grading should follow immediately so that protective ground cover can be 
reestablished quickly.  Do not leave any area bare and exposed for extended 
periods.  Leave adjoining areas planned for development, or to be used for 
borrow and disposal, undisturbed as long as possible to serve as natural buffer 
zones.

Runoff control is essential during the grading operation.  Temporary 
diversions, slope drains, and inlet and outlet protection installed in a timely 
manner can be very effective in controlling erosion during this critical period 
of development.

Immediately after land clearing and grading, apply surface stabilization on 
graded areas, channels, dikes, and other disturbed areas.  Stabilize any graded 
slopes and fills where active construction will not take place for 21 calendar
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days by temporary seeding and/or mulching or by other suitable means.  
Install permanent stabilization measures immediately after final grading, in 
accordance with the vegetative plan.  Temporary seeding and/or mulching may 
be necessary during extreme weather conditions with permanent measures 
delayed for a more suitable time.

Coordinate building construction with other development activities so that 
all work can take place in an orderly manner and on schedule.  Experience 
shows that careful project scheduling improves efficiency, reduces cost, and 
lowers the potential for erosion and sedimentation problems.

Landscaping and final stabilization is the last major construction phase, but 
the topsoil stockpiling, tree preservation, undisturbed buffer area, and well-
planned road locations established earlier in the project may determine the 
ease or difficulty of this activity.  All disturbed areas should have permanent 
stabilization practices applied.  Unstable sediment should be removed from 
sediment basing and traps.  All temporary structures should be removed after 
the area above has been properly stabilized.  Borrow and disposal areas should 
be permanently vegetated or otherwise stabilized.

In planning construction work, it may be helpful to outline all land-disturbing 
activities necessary to complete the proposed project.  Then list all practices 
needed to control erosion and sedimentation on the site.  These two lists 
can then be combined in logical order to provide a practical and effective 
construction sequence schedule.

A construction sequence schedule is shown as part of the sample erosion plan 
(Chapter 7, Sample Erosion and Sedimentation Control Plan).

Design Criteria As a minimum, the construction sequence schedule should show the 
following:

• The erosion and sedimentation control practices to be installed,
• Principal development activities,
• What measures should be in place before other activities are begun, and
• Compatibility with the general construction schedule of the contract.

Construction 
Specifications

Many timely construction techniques can reduce the erosion potential of 
a site, such as (1) shaping earthen fills daily to prevent overflows and (2) 
constructing temporary diversions ahead of anticipated storms.  These types 
of activities cannot be put on the construction sequence schedule, but should 
be used whenever possible.

Following a planned construction sequence schedule to control erosion should 
help keep field personnel aware of the possibilities of erosion prevention 
through construction management.

Maintenance Follow the construction sequence throughout the project development.  When 
changes in construction activities are needed, amend the sequence schedule in 
advance to maintain management control.
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Orderly modification assures coordination of construction and erosion control 
practices to minimize erosion and sedimentation problems.  When major 
changes are necessary, send a copy of the modified schedule to the local 
sediment control agency.

References Chapter 4, Preparing the Erosion and Sedimentation Control Plan
Chapter 7, Sample Erosion and Sedimentation Control Plan
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LaND gRaDINg

Definition Reshaping the ground surface to planned grades as determined by engineering 
survey evaluation and layout. 
       

Purpose To provide more suitable topography for buildings, facilities, and other land 
uses, to control surface runoff, and to minimize soil erosion and sedimentation 
both during and after construction.

Conditions Where 
Practice Applies

This practice is applicable where grading to a planned elevation is necessary 
and practical for the proposed development of a site, and for proper operation 
of sedimentation control practices.

Planning 
Considerations

Fitting a proposed development to the natural configurations of an existing 
landscape reduces the erosion potential of the site and the cost of installing 
erosion and sedimentation control measures.  It may also result in a more 
desirable and less costly development.

Before grading begins, decisions must be made on the steepness of cut-and-fill 
slopes, how they will be protected from runoff, how they will be stabilized, 
and how they will be maintained.  The grading plan establishes drainage areas, 
directs drainage patterns, and affects runoff velocities.

The grading plan forms the basis of the erosion and sedimentation control plan.  
Key considerations that affect erosion and sedimentation include deciding 
which slopes are to be graded, when the work will start and stop, the degree 
and length of finished slopes, where and how excess material will be wasted, 
and where borrow is needed.

Leaving undisturbed temporary and permanent buffer zones in the grading 
operation may provide an effective and low-cost erosion control measure 
that will help reduce runoff velocity and volume and off-site sedimentation.  
In developing the grading plan, always consider how to take advantage of 
undisturbed water disposal outlets before storm drains or other constructed 
outlets are installed.

Design Criteria Base the grading plan and installation upon adequate surveys and soil 
investigations.  In the plan, show disturbed areas, cuts, fills, and finished 
elevations of the surface to be graded.  Include in the plan all practices 
necessary for controlling erosion on the graded site and minimizing 
sedimentation downstream.  Such practices may include, but are not limited 
to, sediment basins, diversions, mulching, vegetation, vegetated and lined 
waterways, grade stabilization structures, and surface and subsurface drains.  
The practices may be temporary or permanent, depending upon the need after 
construction is completed.
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In the grading plan consider the following as a minimum:

Make a provision to intercept and conduct all surface runoff to storm drains, 
protected outlets, or to stable watercourses to minimize erosion on newly 
graded slopes.

Use slope breaks, such as diversions or benches, as appropriate, to reduce the 
length of cut-and-fill slope to limit sheet and rill erosion and prevent gullying.  
A spacing guide is shown in Table 6.02a.

Table 6.02a
Spacing guide for Slope

breaks

Slope Spacing (ft)
Steep Slopes 2:1 20

3:1 35
4:1 45

Long Slopes 15-25% 50
10-15% 80
6-10% 125
3-6% 200
<3% 300

Stabilize all graded areas with vegetation, crushed stone, riprap, or other 
ground cover as soon as grading is completed, or when work is interrupted 
for 30 working days or more.  Use mulch to stabilize areas temporarily where 
final grading must be delayed.  The finished cut-and-fill slopes, which are to 
be vegetated with grass and legumes, should not be steeper than 2:1.  Slopes 
to be maintained by tractor or other equipment should not be steeper than 3:1.  
Slopes in excess of 2:1 may warrant vines, special vegetation, or retaining 
walls.  Roughen the surface of all slopes during the construction operation 
to retain water, increase filtration, and facilitate vegetation.  (Practice 6.03, 
Surface Roughening.)

Do not place cuts or fill so close to property lines as to endanger adjoining 
property without adequately protecting such properties from erosion, 
sedimentation, slippage, subsidence, or other damages.

Provide subsurface drainage to intercept seepage in areas with high water 
tables that would affect slope stability, bearing strength, or create undesirable 
wetness. 

Do not place fill adjacent to a channel bank where it can create bank failure or 
result in deposition of sediment downstream.

Show all borrow and disposal areas in the grading plan, and ensure they are 
adequately drained and stabilized.

Provide stable channels and floodways to convey all runoff from the developed 
area to an adequate outlet without causing increased erosion or off-site 
sedimentation.
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 6.02.3

Construction 
Specifications

1. Construct and maintain all erosion and sedimentation control practices 
and measures in accordance with the approved sedimentation control plan and 
construction schedule.

2. Remove good topsoil from areas to be graded and filled, and preserve it 
for use in finishing the grading of all critical areas.

3. Scarify areas to be topsoiled to a minimum depth of 2 inches before 
placing topsoil (Practice 6.04, Topsoiling).

4. Clear and grub areas to be filled by removing trees, vegetation, roots, or 
other objectionable material that would affect the planned stability of the fill.

5. Ensure that fill material is free of brush, rubbish, rocks, logs, stumps, 
building debris, and other materials inappropriate for constructing stable fills.

6. Place all fill in layers not to exceed 9 inches in thickness, and compact 
the layers as required to reduce erosion, slippage, settlement, or other related 
problems.

7. Do not incorporate frozen, soft, mucky, or highly compressible materials 
into fill slopes.

8. Do not place fill on a frozen foundation, due to possible subsidence and 
slippage.

9. Keep diversions and other water conveyance measures free of sediment 
during all phases of development.

10. Handle seeps or springs encountered during construction in accordance 
with approved methods (Practice 6.81, Subsurface Drain).

11. Permanently stabilize all graded areas immediately after final grading is 
completed on each area in the grading plan.  Apply temporary stabilization 
measures on all graded areas when work is to be interrupted or delayed for 30 
working days or longer.

12. Show topsoil stockpiles, borrow areas, and spoil areas on the plans, 
and make sure they are adequately protected from erosion.  Include final 
stabilization of these areas in the plan.

Maintenance Periodically, check all graded areas and the supporting erosion and 
sedimentation control practices, especially after heavy rainfalls.  Promptly 
remove all sediment from diversions and other water-disposal practices.  If 
washouts or breaks occur, repair them immediately.  Prompt maintenance of 
small eroded areas before they become significant gullies is an essential part 
of an effective erosion and sedimentation control plan.

References Chapter 3, Vegetative Considerations
Chapter 5, Overview of Erosion and Sedimentation Control Practices
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SURfaCE ROUgHENINg

Definition Roughening a bare soil surface with horizontal grooves running across the 
slope, stair stepping, or tracking with construction equipment.

Purpose To aid the establishment of vegetative cover from seed, to reduce runoff 
velocity and increase infiltration, and to reduce erosion and provide for 
sediment trapping.

Conditions Where 
Practice Applies

All construction slopes require surface roughening to facilitate stabilization 
with vegetation, particularly slopes steeper than 3:1.

Planning 
Considerations

Rough slope surfaces are preferred because they aid the establishment of 
vegetation, improve water infiltration, and decrease runoff velocity.  Graded 
areas with smooth, hard surfaces may be initially attractive, but such surfaces 
increase the potential for erosion.  A rough, loose soil surface gives a mulching 
effect that protects lime, fertilizer, and seed.  Nicks in the surface are cooler 
and provide more favorable moisture conditions than hard, smooth surfaces; 
this aids seed germination.

There are different methods for achieving a roughened soil surface on a slope, 
and the selection of an appropriate method depends upon the type of slope.  
Roughening methods include stair-step grading, grooving (Figure 6.03a), and 
tracking.  Factors to be considered in choosing a method are slope steepness, 
mowing requirements, and whether the slope is formed by cutting or filling.

figure 6.03a  Bulldozer treads 
create grooves perpendicular to the 
slope.  The slope face should not be 
back-bladed during the final grading 
operation (source: Va SWCC).
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Design Criteria No formal design is required.

Construction
Specifications

CUT SLOPE ROUGHENING FOR AREAS NOT TO BE MOWED
Stair-step grade or groove cut slopes with a gradient steeper than 3:1 (Figures 
6.03b and 6.03c).

Use stair-step grading on any erodible material soft enough to be ripped with 
a bulldozer.  Slopes consisting of soft rock with some subsoil are particularly 
suited to stair-step grading.

Make the vertical cut distance less than the horizontal distance, and slightly 
slope the horizontal position of the “step” in toward the vertical wall.

Do not make individual vertical cuts more than 2 feet in soft materials or more 
than 3 feet in rocky materials.

Grooving uses machinery to create a series of ridges and depressions that run 
across the slope (on the contour).

Groove using any appropriate implement that can be safely operated on the 
slope, such as disks, tillers, spring harrows, or the teeth on a front-end loader 
bucket.  Do not make such grooves less than 3 inches deep nor more than 15 
inches apart.

FILL SLOPE ROUGHENING FOR AREAS NOT TO BE MOWED
Place fill slopes with a gradient steeper than 3:1 in lifts not to exceed 9 inches, 
and make sure each lift is properly compacted.  Ensure that the face of the 
slope consists of loose, uncompacted fill 4 to 6 inches deep.  Use grooving, as 
described above, to roughen the face of the slopes, if necessary.

Do not blade or scrape the final slope face.

CUTS, FILLS, AND GRADED AREAS THAT WILL BE MOWED
Make mowed slopes no steeper than 3:1.

Roughen these areas to shallow grooves by normal tilling, disking, harrowing, 
or use of cultipacker-seeder.  Make the final pass of any such tillage implement 
on the contour.

Make grooves, formed by such implements, close together (less than 10 
inches) and not less than 1 inch deep.

Excessive roughness is undesirable where mowing is planned.

ROUGHENING WITH TRACKED MACHINERY
Limit roughening with tracked machinery to sandy soils to avoid undue 
compaction of the soil surface.  Tracking is generally not as effective as the 
other roughening methods described.

Operate tracked machinery up and down the slope to leave horizontal 
depressions in the soil.  Do not back-blade during the final grading operation. 
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Seeding—Immediately seed and mulch roughened areas to obtain optimum 
seed germination and growth.

Maintenance Periodically check the seeded slopes for rills and washes.  Fill these areas 
slightly above the original grade, then reseed and mulch as soon as possible.

References Surface Stabilization 
6.10, Temporary Seeding 
6.11, Permanent Seeding 
6.14, Mulching

Chapter 3, Vegetative Considerations
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TOpSOILINg

 6.04.1

Definition Preserving and using topsoil to enhance final site stabilization with 
vegetation.

Purpose To provide a suitable growth medium for vegetation.

Conditions Where 
Practice Applies

Where a sufficient supply of quality topsoil is available.
Where the subsoil or areas of existing surface soil present the following 
problems:

• The structure, pH, or nutrient balance of the available soil cannot be 
amended by reasonable means to provide an adequate growth medium for 
the desired vegetation,

• The soil is too shallow to provide adequate rooting depth or will not 
supply necessary moisture and nutrients for growth of desired vegetation, 
and

• The soil contains substances toxic to the desired vegetation.
Where high-quality turf or ornamental plants are desired.
Where slopes are 2:1 or flatter.

Planning 
Considerations

Topsoil is the surface layer of the soil profile, generally characterized as darker 
than the subsoil due to enrichment with organic matter.  It is the major zone of 
root development and biological activity.  Microorganisms that enhance plant 
growth thrive in this layer.  Topsoil can usually be differentiated from subsoil 
by texture as well as color.  Clay content usually increases in the subsoil.  In 
North Carolina, were subsoils are often high in clay, the topsoil layer may be 
significantly coarser in texture.  The depth of topsoil may be quite variable.  
On severely eroded sites it may be gone entirely.

Advantages of topsoil include its high organic-matter content and friable 
consistence (soil aggregates can be crushed with only moderate pressure), 
and its available water-holding capacity and nutrient content.  Most often it is 
superior to subsoil in these characteristics.  The texture and friability of topsoil 
are usually much more conducive to seedling emergence and root growth.

In addition to being a better growth medium, topsoil is often less erodible than 
subsoils, and the coarser texture of topsoil increases infiltration capacity and 
reduces runoff.

Although topsoil may provide improved growth medium, there may be 
disadvantages, too.  Stripping, stockpiling, hauling, and spreading topsoil, or 
importing topsoil, may not be cost-effective.  Handling may be difficult if 
large amounts of branches or rocks are present, or if the terrain is too rough.  
Most topsoil contains weed seeds, which compete with desirable species.

In site planning, compare the options of topsoiling with preparing a seedbed 
in the available subsoil.  The clay content of many subsoils retains moisture.  
When properly limed and fertilized, subsoils may provide a satisfactory growth 
medium, which is generally free of weed seeds.
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Topsoiling is normally recommended where ornamental plants or high-
maintenance turf will be grown.  It may also be required to establish vegetation 
on shallow soils, soils containing potentially toxic materials, stony soils, and 
soils of critically low pH (high acidity).

If topsoiling is to be used, consider the following:
• quality and amount of topsoil, and
• location for a stabilized stockpile that will not erode, block drainage, or 

interfere with work on the site.

Bonding—if topsoil and subsoil are not properly bonded, water will not 
infiltrate the soil profile evenly, and it will be difficult to establish vegetation.

Do not apply topsoil to slopes steeper than 2:1 to avoid slippage, nor to a 
subsoil of highly contrasting texture.  Sandy topsoil over clay subsoil is a 
particularly poor combination especially on steep slopes.  Water may creep 
along the junction between the soil layers and cause the topsoil to slough.

Construction
Specifications

MATERIALS
Determine whether the quality and quantity of available topsoil justifies 
selective handling.  Quality topsoil has the following characteristics:

Texture—loam, sandy loam, and silt loam are best; sandy clay loam, silty clay 
loam, clay loam, and loamy sand are fair.  Do not use heavy clay and organic 
soils such as peat or muck as topsoil

Organic matter content—(sometimes referred to as “humic matter”) should 
be greater than 1.5% by weight.

Acidity—pH should be greater than 3.6 before liming, and liming is required 
if it is less than 6.0.

Soluble salts—should be less than 500 ppm.

Sodium—sodium adsorption ratio should be less than 12.

The depth of material meeting the above qualifications should be at least 2 
inches.  Soil factors such as rock fragments, slope, depth to water table, and 
layer thickness affect the ease of excavation and spreading of topsoil.

Generally, the upper part of the soil, which is richest in organic matter, is 
most desirable; however, material excavated from deeper layers may be worth 
storing if it meets the other criteria listed above.

Organic soils such as mucks and peats do not make good topsoil.  They can be 
identified by their extremely light weight when dry.

STRIPPING
Strip topsoil only from those areas that will be disturbed by excavation, filling, 
roadbuilding, or compaction by equipment.  A 4-6 inch stripping depth is 
common, but depth varies depending on the site.  Determine depth of stripping
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by taking soil cores at several locations within each area to be stripped.  Topsoil 
depth generally varies along a gradient from hilltop to toe of the slope.  Put 
sediment basins, diversions, and other controls into place before stripping.

STOCKPILING
Select stockpile location to avoid slopes, natural drainageways, and traffic 
routes.  On large sites, respreading is easier and more economical when topsoil 
is stockpiled in small piles located near areas where they will be used.

Sediment barriers—Use sediment fences or other barriers where necessary 
to retain sediment.

Temporary seeding—Protect topsoil stockpiles by temporarily seeding as 
soon as possible, no more than 21 calendar days after the formation of the 
stockpile (Practice 6.10, Temporary Seeding).

Permanent vegetation—If stockpiles will not be used within 90 days they 
must be stabilized with permanent vegetation to control erosion and weed 
growth (Practice 6.11, Permanent Seeding).

SITE PREPARATION
Before spreading topsoil, establish erosion and sedimentation control practices 
such as diversions, berms, dikes, waterways, and sediment basins.

Grading—Maintain grades on the areas to be topsoiled according to the 
approved plan and do not alter them by adding topsoil.

Limit of subsoil—Where the pH of the existing subsoil is 6.0 or less, or the 
soil is composed of heavy clays, incorporate agricultural limestone in amounts 
recommended by soil tests or specified for the seeding mixture to be used 
(Practice 6.11, Permanent Seeding).  Incorporate lime to a depth of at least 2 
inches by disking.

Roughening—Immediately prior to spreading the topsoil, loosen the subgrade 
by disking or scarifying to a depth of at least 4 inches, to ensure bonding of the 
topsoil and subsoil.  If no amendments have been incorporated, loosen the soil 
to a depth of at least 6 inches before spreading topsoil.

SPREADING TOPSOIL
Uniformly distribute topsoil to a minimum compacted depth of 2 inches on 
3:1 slopes and 4 inches on flatter slopes.  To determine the volume of topsoil 
required for application to various depths, use Table 6.04a.  Do not spread 
topsoil while it is frozen or muddy or when the subgrade is wet or frozen.  
Correct any irregularities in the surface that result from topsoiling or other 
operations to prevent the formation of depressions or water pockets.

Compact the topsoil enough to ensure good contact with the underlying 
soil, but avoid excessive compaction, as it increases runoff and inhibits 
seed germination.  Light packing with a roller is recommended where high-
maintenance turf is to be established.
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Table 6.04a
Cubic yards of Topsoil

Required for application to
various Depths

 Depth 
(Inches)

per 1,000 
Sq. ft.

per 
acre

1 3.1 134

2 6.2 268

3 9.3 403

4 12.4 536

5 15.5 670

6 18.6 804

On slopes and areas that will not be mowed, the surface may be left rough after 
spreading topsoil.  A disk may be used to promote bonding at the interface 
between the topsoil and subsoil.

After topsoil application, follow procedures for seedbed preparation, taking 
care to avoid excessive mixing of topsoil into the subsoil.

References Site Preparation 
6.03, Surface Roughening

Surface Stabilization 
6.10, Temporary Seeding 
6.11, Permanent Seeding

Chapter 3, Vegetative Considerations
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TREE pRESERvaTION aND pROTECTION

Definition Practices to preserve and protect desirable trees from damage during project 
development.

Purpose To preserve and protect trees that have present or future value for their use in 
protection from erosion, for their landscape and aesthetic value, or for other 
environmental benefits.

Conditions Where 
Practice Applies

On development sites containing trees or stands of trees.

Planning 
Considerations

Preserving and protecting trees and other natural plant groups often results in 
a more stable and aesthetically pleasing development.  During site evaluation, 
note where valuable trees and other natural landscape features should be 
preserved, then consider these trees and plants when determining the location 
of roads, buildings, or other structures.

Trees that are near construction zones should be either protected or removed 
because damage during construction activities may cause the death of the tree 
at a later time.

Trees should be considered for preservation for the following benefits:

• They stabilize the soil and prevent erosion.

• They reduce stormwater runoff by intercepting rainfall, promote 
infiltration, and lower the water table through transpiration.

• They moderate temperature changes, promote shade, and reduce the force 
of wind.

• They provide buffers and screens against noise and visual disturbance, 
providing a degree of privacy.

• They filter pollutants from the air, remove carbon dioxide from the air, 
and produce oxygen.

• They provide a habitat for animals and birds.

• They increase property values and improve site aesthetics.

Consider the following characteristics when selecting trees to be protected 
and saved:

Tree vigor—Preserve healthy trees.  A tree of low vigor is susceptible to 
damage by environmental changes that occur during site development.  Healthy 
trees are less susceptible to insects and disease.  Indications of poor vigor 
include dead tips of branches, small annual twig growth, stunted leaf size, 
sparse foliage, and pale foliage color.  Hollow or rotten trees, cracked, split, or 
leaning trees, or trees with broken tips also have less chance for survival.

6.05 
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Tree age—Old, picturesque trees may be more aesthetically valuable than 
smaller, younger trees, but they may require more extensive protection.

Tree species—Preserve those species that are most suitable for site conditions 
and landscape design.  Trees that are short-lived or brittle or are susceptible to 
attack by insects and disease may be poor choices for preservation.

Tree aesthetics—Choose trees that are aesthetically pleasing, shapely, large, 
or colorful.  Avoid trees that are leaning or in danger of falling.  Occasionally, 
an odd-shaped tree or one of unusual form may add interest to the landscape if 
strategically located.  However, be sure the tree is healthy.

Wildlife benefits—Choose trees that are preferred by wildlife for food, 
cover, or nesting.  A mixture of evergreens and hardwoods may be beneficial.  
Evergreen trees are important for cover during the winter months, whereas 
hardwoods are more valuable for food.

Construction activities can significantly injure or kill trees unless protective 
measures are taken.  Although direct contact by equipment is an obvious 
means of damaging trees, most serious damage is caused by root zone stress 
from compacting, filling, or excavating too close to the tree.  Clearly mark 
boundaries to maintain sufficient undisturbed area around the trees.

Design Criteria The following general criteria should be considered when developing sites in 
wooded areas:

• Leave critical areas (such as flood plains, steep slopes and wetlands) with 
desirable trees in their natural condition or only partially cleared.

• Locate roadways, storage areas, and parking pads away from valuable 
tree stands.  Follow natural contours, where feasible, to minimize cutting 
and filling in the vicinity of trees.

• Select trees to be preserved before siting roads, buildings, or other 
structures.

• Minimize trenching in areas with trees.  Place several utilities in the same 
trench.

• Designate groups of trees and individual trees to be saved on the erosion 
and sedimentation control plan.

• Do not excavate, traverse, or fill closer than the drip line, or perimeter 
of the canopy, of trees to be saved.

Construction
Specifications

1. Place barriers to prevent the approach of equipment within the drip line of 
trees to be retained.

2. Do not nail boards to trees during building operations.

3. Do not cut tree roots inside the tree drip line.

4. Do not place equipment, construction materials, topsoil, or fill dirt within 
the limit of the drip line of trees to be saved.
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5. If a tree marked for preservation is damaged, remove it and replace 
it with a tree of the same or similar species, 2-inch caliper or larger, from 
balled and burlaped nursery stock when activity in the area is complete.

6. During final site cleanup, remove barriers around trees.

Maintenance In spite of precautions, some damage to protected trees may occur.  In such 
cases, repair any damage to the crown, trunk, or root system immediately.

• Repair roots by cutting off the damaged areas and painting them with tree 
paint.  Spread peat moss or moist topsoil over exposed roots.

• Repair damage to bark by trimming around the damaged area as shown in 
Figure 6.05b, taper the cut to provide drainage, and paint with tree paint.

• Cut off all damaged tree limbs above the tree collar at the trunk or main 
branch.  Use three separate cuts as shown in Figure 6.05c to avoid peeling 
bark from healthy areas of the tree.
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TEmpORaRy gRavEL CONSTRUCTION ENTRaNCE/ExIT

Definition A graveled area or pad located at points where vehicles enter and leave a 
construction site.

Purpose To provide a buffer area where vehicles can drop their mud and sediment to 
avoid transporting it onto public roads, to control erosion from surface runoff, 
and to help control dust.

Conditions Where 
Practice Applies

Wherever traffic will be leaving a construction site and moving directly onto a 
public road or other paved off-site area.  Construction plans should limit traffic 
to properly constructed entrances.

Design Criteria Aggregate Size—Use 2-3 inch washed stone.

Dimensions of gravel pad—
Thickness: 6 inches minimum
Width: 12-feet minimum or full width at all points of the vehicular 

entrance and exit area, whichever is greater
Length: 50-feet minimum

Location—Locate construction entrances and exits to limit sediment from 
leaving the site and to provide for maximum utility by all construction vehicles 
(Figure 6.06a).  Avoid steep grades, and entrances at curves in public roads.

6.06 
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Washing—If conditions at the site are such that most of the mud and sediment 
are not removed by vehicles traveling over the gravel, the tires should be 
washed.  Washing should be done on an area stabilized with crushed stone 
that drains into a sediment trap or other suitable disposal area.  A wash rack 
may also be used to make washing more convenient and effective.

Construction
Specifications

1.  Clear the entrance and exit area of all vegetation, roots, and other 
objectionable material and properly grade it.

2. Place the gravel to the specific grade and dimensions shown on the plans, 
and smooth it.

3. Provide drainage to carry water to a sediment trap or other suitable 
outlet.

4. Use geotextile fabrics because they improve stability of the foundation in 
locations subject to seepage or high water table.

Maintenance Maintain the gravel pad in a condition to prevent mud or sediment from 
leaving the construction site.  This may require periodic topdressing with 2-
inch stone.  After each rainfall, inspect any structure used to trap sediment 
and clean it out as necessary.  Immediately remove all objectionable materials 
spilled, washed, or tracked onto public roadways.

References Runoff Conveyance Measures 
6.30, Grass-lined Channels

Sediment Traps and Barriers 
6.60, Temporary Sediment Trap

6.06.2



Rev. 6/06

6

inDeX

Surface
Stabilization TEmpORaRy SEEDINg

pERmaNENT SEEDINg

SODDINg

TREES, SHRUbS, vINES, aND gROUND COvERS

mULCHINg

RIpRap

vEgETaTION DUNE STabILIzaTION

ROLLED EROSION CONTROL pRODUCTS

6.10.1

6.11.1

6.12.1

6.13.1

6.14.1

6.15.1

6.16.1

6.17.1





Rev. 6/06 6.10.1

Practice Standards and Specifications

TEmpORaRy SEEDINg

Definition Planting rapid-growing annual grasses, small grains, or legumes to provide 
initial, temporary cover for erosion control on disturbed areas.

Purpose To temporarily stabilize denuded areas that will not be brought to final grade 
for a period of more than 21 calendar days.

Temporary seeding controls runoff and erosion until permanent vegetation or 
other erosion control measures can be established.  In addition, it provides 
residue for soil protection and seedbed preparation, and reduces problems of 
mud and dust production from bare soil surfaces during construction.

Conditions Where 
Practice Applies

On any cleared, unvegetated, or sparsely vegetated  soil surface where 
vegetative cover is needed for less than 1 year.  Applications of this practice 
include diversions, dams, temporary sediment basins, temporary road banks, 
and topsoil stockpiles.

Planning 
Considerations

Annual plants, which sprout and grow rapidly and survive for only one season, 
are suitable for establishing initial or temporary vegetative cover.  Temporary 
seeding preserves the integrity of earthen sediment control structures such 
as dikes, diversions, and the banks of dams and sediment basins.  It can also 
reduce the amount of maintenance associated with these devices.  For example, 
the frequency of sediment basin cleanouts will be reduced if watershed areas, 
outside the active construction zone, are stabilized.

Proper seedbed preparation, selection of appropriate species, and use of quality 
seed are as important in this Practice as in Practice 6.11, Permanent Seeding.  
Failure to follow established guidelines and recommendations carefully may 
result in an inadequate or short-lived stand of vegetation that will not control 
erosion.

Temporary seeding provides protection for no more than 1 year, during which 
time permanent stabilization should be initiated.

Specifications Complete grading before preparing seedbeds, and install all necessary erosion 
control practices such as, dikes, waterways, and basins.  Minimize steep slopes 
because they make seedbed preparation difficult and increase the erosion 
hazard.  If soils become compacted during grading, loosen them to a depth of 
6-8 inches using a ripper, harrow, or chisel plow.

SEEDBED PREPARATION
Good seedbed preparation is essential to successful plant establishment.  A 
good seedbed is well-pulverized, loose, and uniform.  Where hydroseeding 
methods are used, the surface may be left with a more irregular surface of 
large clods and stones.

Liming—Apply lime according to soil test recommendations.  If the pH (acidity) 
of the soil is not known, an application of ground agricultural limestone at the
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rate of 1 to 1 1/2 tons/acre on coarse-textured soils and 2-3 tons/acre on fine-
textured soils is usually sufficient.  Apply limestone uniformly and incorporate 
into the top 4-6 inches of soil.  Soils with a pH of 6 or higher need not be 
limed.

Fertilizer—Base application rates on soil tests.  When these are not possible, 
apply a 10-10-10 grade fertilizer at 700-1,000 lb/acre.  Both fertilizer and lime 
should be incorporated into the top 4-6 inches of soil.  If a hydraulic seeder is 
used, do not mix seed and fertilizer more than 30 minutes before application.

Surface roughening—If recent tillage operations have resulted in a loose 
surface, additional roughening may not be required, except to break up large 
clods.  If rainfall causes the surface to become sealed or crusted, loosen it 
just prior to seeding by disking, raking, harrowing, or other suitable methods.  
Groove or furrow slopes steeper than 3:1 on the contour before seeding 
(Practice 6.03, Surface Roughening).

PLANT SELECTION
Select an appropriate species or species mixture from Table 6.10a for seeding 
in late winter and early spring, Table 6.10b for summer, and Table 6.10c for 
fall.

In the Mountains, December and January seedings have poor chances of 
success.  When it is necessary to plant at these times, use recommendations 
for fall and a securely tacked mulch.

SEEDING
Evenly apply seed using a cyclone seeder (broadcast), drill, cultipacker seeder, 
or hydroseeder.  Use seeding rates given in Tables 6.10a-6.10c.  Broadcast 
seeding and hydroseeding are appropriate for steep slopes where equipment 
cannot be driven.  Hand broadcasting is not recommended because of the 
difficulty in achieving a uniform distribution.

Small grains should be planted no more than 1 inch deep, and grasses and 
legumes no more than 1/2 inch.  Broadcast seed must be covered by raking 
or chain dragging, and then lightly firmed with a roller or cultipacker.  
Hydroseeded mixtures should include a wood fiber (cellulose) mulch.

MULCHING
The use of an appropriate mulch will help ensure establishment under normal 
conditions, and is essential to seeding success under harsh site conditions 
(Practice 6.14, Mulching).  Harsh site conditions include:

• seeding in fall for winter cover (wood fiber mulches are not considered 
adequate for this use),

• slopes steeper than 3:1,

• excessively hot or dry weather,

• adverse soils (shallow, rocky, or high in clay or sand), and

• areas receiving concentrated flow.

If the area to be mulched is subject to concentrated waterflow, as in channels, 
anchor mulch with netting (Practice 6.14, Mulching).
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Maintenance Reseed and mulch areas where seedling emergence is poor, or where erosion 
occurs, as soon as possible.  Do not mow.  Protect from traffic as much as 
possible.

References Site Preparation 
6.03, Surface Roughening 
6.04, Topsoiling

Surface Stabilization 
6.11, Permanent Seeding 
6.14, Mulching

Appendix 
8.02, Vegetation Tables 
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Table 6.10a
Temporary Seeding

Recommendations for Late
winter and Early Spring

Seeding mixture
        Species Rate (lb/acre)

Rye (grain)
Annual lespedeza (Kobe in 

Piedmont and Coastal Plain, 
Korean in Mountains)

120

50

Omit annual lespedeza when duration of temporary cover is not to 
extend beyond June.

Seeding dates
Mountains—Above 2500 feet: Feb. 15 - May 15 

Below 2500 feet: Feb. 1- May 1
Piedmont—Jan. 1 - May 1
Coastal Plain—Dec. 1 - Apr. 15

Soil amendments
Follow recommendations of soil tests or apply 2,000 lb/acre ground 
agricultural limestone and 750 lb/acre 10-10-10 fertilizer.

mulch
Apply 4,000 lb/acre straw.  Anchor straw by tacking with asphalt, netting, 
or a mulch anchoring tool.  A disk with blades set nearly straight can be 
used as a mulch anchoring tool.

maintenance
Refertilize if growth is not fully adequate.  Reseed, refertilize and mulch 
immediately following erosion or other damage.
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Table 6.10b
Temporary Seeding

Recommendations for
Summer

Seeding mixture
 Species

German millet
Rate (lb/acre)

40

In the Piedmont and Mountains, a small-stemmed Sudangrass may be 
substituted at a rate of 50 lb/acre.

Seeding dates
Mountains—May 15 - Aug. 15
Piedmont—May 1 - Aug. 15
Coastal Plain—Apr. 15 - Aug. 15

Soil amendments
Follow recommendations of soil tests or apply 2,000 lb/acre ground 
agricultural limestone and 750 lb/acre 10-10-10 fertilizer.

mulch
Apply 4,000 lb/acre straw.  Anchor straw by tacking with asphalt, netting, 
or a mulch anchoring tool.  A disk with blades set nearly straight can be 
used as a mulch anchoring tool.

maintenance
Refertilize if growth is not fully adequate.  Reseed, refertilize and mulch 
immediately following erosion or other damage.
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Table 6.10c
Temporary Seeding

Recommendations for fall

Seeding mixture
 Species

Rye (grain)
Rate (lb/acre)

120

Seeding dates
Mountains—Aug. 15 - Dec. 15
Coastal Plain and Piedmont—Aug. 15 - Dec. 30

Soil amendments
Follow soil tests or apply 2,000 lb/acre ground agricultural limestone 
and 1,000 lb/acre 10-10-10 fertilizer.

mulch
Apply 4,000 lb/acre straw.  Anchor straw by tacking with asphalt, netting, 
or a mulch anchoring tool.  A disk with blades set nearly straight can be 
used as a mulch anchoring tool.

maintenance
Repair and refertilize damaged areas immediately.  Topdress with 50 
lb/acre of nitrogen in March.  If it is necessary to extent temporary 
cover beyond June 15, overseed with 50 lb/acre Kobe (Piedmont and 
Coastal Plain) or Korean (Mountains) lespedeza in late February or 
early March.
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pERmaNENT SEEDINg

Definition Controlling runoff and erosion on disturbed areas by establishing perennial 
vegetative cover with seed.

Purpose To reduce erosion and decrease sediment yield from disturbed areas, to 
permanently stabilize such areas in a manner that is economical, adapts to site 
conditions, and allows selection of the most appropriate plant materials.

Conditions Where 
Practice Applies

Fine-graded areas on which permanent, long-lived vegetative cover is the 
most practical or most effective method of stabilizing the soil.  Permanent 
seeding may also be used on rough-graded areas that will not be brought to 
final grade for a year or more.

Areas to be stabilized with permanent vegetation must be seeded or planted 
within 15 working days or 90 calendar days after final grade is reached, unless 
temporary stabilization is applied.

Planning 
Considerations

Vegetation controls erosion by protecting bare soil surfaces from raindrop 
impact and by reducing the velocity and volume of overland flow.

The most common and economical means of stabilizing disturbed soils is by 
seeding grasses and legumes.  The advantages of seeding over other means 
of establishing plants include the smaller initial cost, lower labor input, and 
greater flexibility of method.  The disadvantages of seeding include:

• potential for erosion during the establishment stage,

• the need to reseed areas that fail to establish,

• seasonal limitations on suitable seeding dates, and

• a need for water and appropriate temperatures during germination and 
early growth.

The probability of successful plant establishment can be maximized through 
good planning, knowledge of the soil characteristics (Table 6.11a), selection 
of suitable plant materials for the site, good seedbed preparation, adequate 
liming and fertilization, and timely planting and maintenance.

SELECTING PLANT MATERIALS
Climate, soils, and topography are the major factors affecting the suitability of 
plants for a particular site.  All three of these factors vary widely across North 
Carolina, with the most significant contrasts occurring among the three major 
physiographic regions of the state—Mountains, Piedmont, and Coastal Plain 
(Figure 6.11a).

To simplify plant selection, a Key to Permanent Seeding Mixtures is presented 
in Table 6.11b.  To find seeding specifications for a specific site, follow this 
key through the different steps—region, slope, soil, and maintenance level—
to the appropriate seeding number.  Seeding mixtures recommended here 
are designed for general use and are well proven in practical field situations
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Table 6.11a
Suitability of Soil for Establishment of Low-maintenance vegetation

Criteria
good

Suitability
fair poor

Limiting factors

pH 5.6-7.8 4.5-5.5 <4.5 Too acid; possible
Al, Mn, Fe toxicity

Available
water capacity1

>.10 .05-.10 <0.5 Too dry

Texture2 l, sil, si, sl scl, sicl, cl

ls

sc, sic, c

s

Too high in clay

Too high in sand

Coarse
fragments3

(3-10 in) 
(>10 in)

<15%
<3%

15-35
3-10

>35
>10

Lg. stones restrict
tillage; droughty

Depth to
bedrock (in.)

40 20-40 <20 Insufficient
rooting depth

Salinity (mmhos/cm) 8-16 >16 Excess salt

1in./in.

2Sandy clay loam (scl), silty clay loam (sicl), clay loam (cl), sandy loam (sl), silt loam (sil), loamy sand (ls), 
sandy clay (sc), silty clay (sic), clay (c), silt (si), sand (s), and loam (l).

3Percent by weight.

Source: National Soils Handbook, USDA-SCS, 1983.
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(Tables 6.11c through 6.11v). They are designed to produce maximum 
stabilization and minimize the amount of maintenance and repair required.

Land use is a primary consideration in planning permanent seedings.  For this 
purpose land use, whether residential, industrial, commercial, or recreational, 
can be divided into two general categories:

• High-maintenance areas are mowed frequently, limed and fertilized 
regularly, and either (1) receive intensive use (e.g., athletic fields) or (2) 
require maintenance to an aesthetic standard (e.g., home lawns).  Grasses 
used for these situations are long-lived perennials that form a tight sod 
and are fine-leaved and attractive in appearance.  They must be well-
adapted to the geographic area where they are planted and able to endure 
the stress of frequent mowing.  Sites where high-maintenance vegetative 
cover is desirable include homes, industrial parks, schools, churches, and 
recreational areas.

• Low-maintenance areas are mowed infrequently or not at all, and do 
not receive lime and fertilizer on a regular basis.  Plants must persist with 
little maintenance over long periods of time.  Grass and legume mixtures 
are favored for these sites because legumes are a source of soil nitrogen.  
Mixed stands are also more resistant to adverse conditions.  Sites suitable 
for low-maintenance vegetation include steep slopes, stream or channel 
banks, some commercial properties, and “utility” turf areas such as 
roadbanks.

SEEDBED PREPARATION
The soil on a disturbed site must be amended to provide an optimum 
environment for seed germination and seedling growth.  The surface soil must 
be loose enough for water infiltration and root penetration.  The pH (acidity 
or alkalinity) of the soil must be such that it is not toxic and nutrients are 
available—preferably between 6.0 and 6.5.  Sufficient nutrients—added as 
fertilizer—must be present.

It is as important to add lime as to add fertilizer.  Lime is used primarily as a 
pH, or acidity modifier, but it also supplies calcium and magnesium, which are 
important plant nutrients.  By increasing soil pH, it also makes other nutrients 
more available to plants.  At the same time, it prevents aluminum toxicity by 
decreasing the solubility of soil aluminum.  Many soils in North Carolina are 
high in aluminum, which stunts plant growth.

After seed is in place, it must be protected with a mulch to hold moisture 
and modify temperature extremes, while preventing erosion during seedling 
establishment.

STEEP SLOPES
The operation of equipment is restricted on slopes steeper than 3:1, severely 
limiting the quality of the seedbed that can be prepared.  The soil cannot be 
sufficiently worked, and amendments cannot be thoroughly incorporated.

Provisions for establishment of vegetation on steep slopes can be made during 
final grading.  In construction of fill slopes, for example, the last 4-6 inches 
might be left uncompacted.  A loose, rough seedbed is essential.  Large clods
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and stones provide irregularities that hold seeds and fertilizer.  Cut slopes 
should be roughened (Practice 6.03, Surface Roughening).

Where steepness prohibits the use of farm machinery, seeding methods are 
limited to broadcast or hydroseeding, with hydroseeding giving the most 
dependable results.  Vegetation chosen for these slopes must not require mowing 
or other intensive maintenance.  Using a hydraulic seeder, seed, fertilizer, 
wood fiber mulch, and a tacking agent can be applied in one operation.

Good mulching practices are critical to protect against erosion on steep slopes.  
When using straw, anchor with netting or asphalt.  On slopes steeper than 2:1, 
a rolled erosion control product may be required to protect the slope.

Specifications SEEDBED REQUIREMENTS
Establishment of vegetation should not be attempted on sites that are unsuitable 
due to inappropriate soil texture (Table 6.11a), poor drainage, concentrated 
overland flow, or steepness of slope until measures have been taken to correct 
these problems.

To maintain a good stand of vegetation, the soil must meet certain minimum 
requirements as a growth medium.  The existing soil should have these 
criteria:

• Enough fine-grained (silt and clay) material to maintain adequate moisture 
and nutrient supply (available water capacity of at least .05 inches of 
water to 1 inch of soil).

• Sufficient pore space to permit root penetration.

• Sufficient depth of soil to provide an adequate root zone.  The depth to 
rock or impermeable layers such as hardpans should be 12 inches or 
more, except on slopes steeper than 2:1 where the addition of soil is not 
feasible.

• A favorable pH range for plant growth, usually 6.0-6.5.

• Freedom from large roots, branches, stones, large clods of earth, or trash 
of any kind.  Clods and stones may be left on slopes steeper than 3:1 if 
they are to be hydroseeded.

If any of the above criteria are not met—i.e., if the existing soil is too coarse, 
dense, shallow, or acidic to foster vegetation—special amendments are required.  
The soil conditioners described below may be beneficial or, preferably, topsoil 
may be applied in accordance with Practice 6.04, Topsoiling.

SOIL CONDITIONERS
In order to improve the structure or drainage characteristics of a soil, the 
following materials may be added.  These amendments should only be 
necessary where soils have limitations that make them poor for plant growth 
or for fine turf establishment (see Chapter 3, Vegetative Considerations).

Peat—Appropriate types are sphagnum moss peat, hypnum moss peat, 
reed-sedge peat, or peat humus, all from fresh-water sources.  Peat should 
be shredded and conditioned in storage piles for at least 6 months after 
excavation.

Sand—clean and free of toxic materials.
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Vermiculite—horticultural grade and free of toxic substances.

Rotted manure—stable or cattle manure not containing undue amounts of 
straw or other bedding materials.

Thoroughly rotted sawdust—free of stones and debris.  Add 6 lb of nitrogen 
to each cubic yard.

Sludge—Treated sewage and industrial sludges are available in various 
forms; these should be used only in accordance with local, State, and Federal 
regulations.

SPECIES SELECTION
Use the Key to Permanent Seeding Mixtures (Table 6.11b) to select the most 
appropriate seeding mixture based on the general site and maintenance factors.  
A listing of species, including scientific names and characteristics, is given in 
Appendix 8.02.

SEEDBED PREPARATION
Install necessary mechanical erosion and sedimentation control practices 
before seeding, and complete grading according to the approved plan.

Lime and fertilizer needs should be determined by soil tests.  Soil testing is 
performed free of charge by the North Carolina Department of Agriculture 
soil testing laboratory.  Directions, sample cartons, and information sheets 
are available through county Agricultural Extension offices or from NCDA.  
Because the NCDA soil testing lab requires 1–6 weeks for sample turn-around, 
sampling must be planned well in advance of final grading.  Testing is also 
done by commercial laboratories.

When soil tests are not available, follow rates suggested on the individual 
specification sheet for the seeding mix chosen (Tables 6.11c through 6.11v).  
Application rates usually fall into the following ranges:

• Ground agricultural limestone: 
Light-textured, sandy soils: 1- 1 1/2 tons/acre 
Heavy-textured, clayey soils: 2-3 tons/acre

• Fertilizer: 
Grasses: 800-1200 lb/acre of 10-10-10 (or the equivalent) 
Grass-legume mixtures: 800-1200 lb/acre of 5-10-10 (or the equivalent)

Apply lime and fertilizer evenly and incorporate into the top 4–6 inches of soil 
by disking or other suitable means.  Operate machinery on the contour.  When 
using a hydroseeder, apply lime and fertilizer to a rough, loose surface.

Roughen surfaces according to Practice 6.03, Surface Roughening.

Complete seedbed preparation by breaking up large clods and raking into a 
smooth, uniform surface (slopes less than 3:1).  Fill in or level depressions that 
can collect water.  Broadcast seed into a freshly loosened seedbed that has not 
been sealed by rainfall.
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SEEDING
Seeding dates given in the seeding mixture specifications (Table 6.11c through 
6.11v) are designated as “best” or “possible”.  Seedings properly carried out 
within the “best” dates have a high probability of success.  It is also possible to 
have satisfactory establishment when seeding outside these dates.  However, 
as you deviate from them, the probability of failure increases rapidly.  Seeding 
on the last date shown under “possible” may reduce chances of success by 30-
50%.  Always take this into account in scheduling land-disturbing activities.

Use certified seed for permanent seeding whenever possible.  Certified seed 
is inspected by the North Carolina Crop Improvement Association.  It meets 
published North Carolina Standards and should bear an official “Certified 
Seed” label (Figure 6.11b).

figure 6.11b Label displayed on all 
North Carolina certified seed.

Labeling of non-certified seed is also required by law.  Labels contain important 
information on seed purity, germination, and presence of weed seeds.  Seed 
must meet  State standards for content of noxious weeds.  Do not accept seed 
containing “prohibited” noxious weed seed.

Inoculate legume seed with the Rhizobium bacteria appropriate to the species 
of legume (Chapter 3, Vegetative Considerations).

Apply seed uniformly with a cyclone seeder, drop-type spreader drill, 
cultipacker seeder, or hydroseeder on a firm, friable seedbed.
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Practice Standards and Specifications

When using a drill or cultipacker seeder, plant small grains no more than 1 
inch deep, grasses and legumes no more than 1/2 inch.  Equipment should be 
calibrated in the field for the desired seeding rate.

When using broadcast-seeding methods, subdivide the area into workable 
sections and determine the amount of seed needed for each section.  Apply 
one-half the seed while moving back and forth across the area, making a 
uniform pattern; then apply the second half in the same way, but moving at 
right angles to the first pass (Figure 6.11c).

figure 6.11c Suggested pattern 
for broadcasting seed and fertilizer 
(source: NCAES Bulletin AG-69).

Cover broadcast seed by raking or chain dragging; then firm the surface 
with a roller or cultipacker to provide good seed contact.

Mulch all plantings immediately after seeding (Practice 6.14, Mulching).

HYDROSEEDING
Surface roughening is particularly important when hydroseeding, as a 
roughened slope will provide some natural coverage for lime, fertilizer, 
and seed.  The surface should not be compacted or smooth.  Fine seedbed 
preparation is not necessary for hydroseeding operations; large clods, stones, 
and irregularities provide cavities in which seeds can lodge.

Rate of wood fiber (cellulose) application should be at least 2,000 lb/acre.

Apply legume inoculants at four times the recommended rate when adding 
inoculant to a hydroseeder slurry.

If a machinery breakdown of 1/2 to 2 hours occurs, add 50% more seed 
to the task, based on the proportion of the slurry remaining.  This should 
compensate for damage to seed.  Beyond 2 hours, a full rate of new seed may 
be necessary.

Lime is not normally applied with a hydraulic seeder because it is abrasive.  It 
can be blown onto steep slopes in dry form.
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SPRIGGING
Hybrid Bermudagrass cannot be grown from seed and must be planted 
vegetatively.  Vegetative methods of establishing common and hybrid 
Bermudagrass, centipedegrass, and Bahiagrass include sodding, plugging and 
sprigging (Chapter 3, Vegetative Considerations).  Sprigs are fragments of 
horizontal stems which include at least one node (joint).  They are normally 
sold by the bushel and can either be broadcast or planted in furrows using a 
tractor-drawn tobacco or vegetable transplanter.

Furrows should be 4-6 inches deep and 2 ft apart.  Place sprigs about 2 ft apart 
in the row with one end at or above ground level (Figure 6.11d).

figure 6.11d Proper placement of 
grass sprigs.  Each sprig should have 
at least one node (modified from 
NCAES Bulletin AG-69).

Broadcast sprigs at the specified rate (Tables 6.11r and 6.11s).  Press into the 
top 1/2-2 inches of soil with a cultipacker or with a disk set nearly straight so 
that the sprigs are not brought back to the surface.

IRRIGATION
Moisture is essential for seed germination and seedling establishment.  
Supplemental irrigation can be very helpful in assuring adequate stands in 
dry seasons or to speed development of full cover.  It is a requirement for fine 
turf establishment and should be used elsewhere when feasible.  However, 
irrigation is rarely critical for low-maintenance vegetation planted at the 
appropriate time of the year.

Water application rates must be carefully controlled to prevent runoff.  
Inadequate or excessive amounts of water can be more harmful than no 
supplemental water.

Maintenance Generally, a stand of vegetation cannot be determined to be fully established 
until soil cover has been maintained for one full year from planting.  Inspect 
seeded areas for failure and make necessary repairs and reseedings within the 
same season, if possible.

Reseeding—If a stand has inadequate cover, re-evaluate choice of plant 
materials and quantities of lime and fertilizer.  Re-establish the stand after 
seedbed preparation or over-seed the stand.  Consider seeding temporary, 
annual species if the time of year is not appropriate for permanent seeding 
(Practice 6.10, Temporary Seeding).

6.11.8



 6.11.9

Practice Standards and Specifications

If vegetation fails to grow, soil must be tested to determine if acidity or nutrient 
imbalance is responsible.

Fertilization—On the typical disturbed site, full establishment usually 
requires refertilization in the second growing season.  Fine turf requires 
annual maintenance fertilization (Table 6.12b).  Use soil tests if possible or 
follow the guidelines given for the specific seeding mixture. (Tables 6.11c 
through 6.11v).

References Site Preparation 
6.03, Surface Roughening 
6.04, Topsoiling

Surface Stabilization 
6.10, Temporary Seeding 
6.12, Sodding 
6.14, Mulching

Appendix 
8.02, Vegetation Tables 

Chapter 3, Vegetative Considerations

USDA Soil Conservation Service 
National Soils Handbook
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Table 6.11b

key to permanent Seeding mixtures based on Site Characteristics

Region and Site Characteristics1 Seeding
Number

Table
(6.11)

I. Mountains
A. Steep slopes (steeper than 3:1); low maintenance  

 1. Average soils . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
 2. Cold sites or rocky, rough, dry soils  . . . . . . . . . . . . . . . . . . . . . . . . 
      . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1M
2M or
7M (trees)

c
d
i

B. Gentle slopes (3:1 or less) 
 1. Low maintenance 
   a. Average soil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
   b. Rough, rocky, dry soil  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
      . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

3M
2M or
7M (trees)

e
d
i

  2. High maintenance 
   a. Full sun, soils with good moisture retention . . . . . . . . . . . . . . . 
   b. Full sun, drought-prone soils . . . . . . . . . . . . . . . . . . . . . . . . . . 
   c. Sun or semi-shade, minimum care lawns . . . . . . . . . . . . . . . .

4M
5M
6M

f
g
h

C. Grass-lined channels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .8M j

II. Piedmont
A. Low maintenance 

 1. Steep slopes or stony, shallow or dry soils . . . . . . . . . . . . . . . . . . . 
 2. Gentle slopes with average or better soils  . . . . . . . . . . . . . . . . . . .

1P
2P

k
l

B. High maintenance (slopes less than 3:1) 
 1. Cool sites; soils with average or better moisture retention . . . . . . . 
 2. Warm sites; dry, poor soils  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

3P
4P or 3CP

m
n,r

C. Grass-lined channels 
 1. Soils with average or better moisture retention . . . . . . . . . . . . . . . . 
 2. Full sun, drought-prone soils . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

5P or 8M
7CP

o,j
v

III. Coastal Plain
A. Well- to poorly-drained soils with good water-holding capacities 

 1. Low maintenance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
 2. High maintenance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1CP
2CP

p
q

B. Well-drained, sandy loams to excessively well drained sands 
 1. High maintenance, fine turf . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
 2. Low- to medium-care lawns  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
 3. Low maintenance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

3CP
4CP
5CP

r
s
t

C. Intertidal zones of estuarine shorelines, dredged material,
  and graded areas in salt water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .6CP u

D. Grass-lined channels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .7CP v

E. Coastal sands exposed to salt spray and/or wind erosion . . . . . . . . . .see Table 6.16a

1Refer to Table 6.11a for soil suitability limitations.
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Table 6.11c
Seeding No. 1m for: Steep
Slopes, average Soil; Low

maintenance

Seeding mixture
 Species1 Rate (lb/acre)

Tall fescue
Sericea lespedeza
Korean lespedeza
Redtop
Kentucky bluegrass

100
20
10
5
5

Seeding note
After Aug. 1, use unscarified seed for sericea lespedeza.

Nurse plants
Between May 1 and Aug. 15, add 10 lb/acre German millet or 15 lb/acre 
Sudangrass.  Prior to May 1 or after Aug. 15, add 40 lb/acre rye (grain).  
It may be beneficial to plant the grasses in late summer and overseed 
the lespedezas in March.

Seeding dates

best possible
Below 2500 ft:

Above 2500 ft:

Aug. 15 - Sept. 1 
Mar. 1 - Apr. 1
July 25 - Aug. 15 
Mar. 20 - Apr. 20

July 25 - Sept 15 
Mar. 1 - May 10
July 15 - Aug. 30 
Mar. 5 - May 15

Complete seeding earlier in fall, and start later in spring on north- and 
east-facing slopes.

Soil amendments
Apply lime and fertilizer according to soil tests or apply 4,000 lb/acre 
ground agricultural limestone and 1,000 lb/acre 5-10-10 fertilizer.

mulch
Apply 4,000-5,000 lb/acre grain straw or equivalent cover of another 
suitable mulching material.  Anchor mulch by tacking with asphalt, 
roving, or netting.  Netting is the preferred anchoring method on steep 
slopes.

maintenance
Mow no more than once a year.  Refertilize in the second year unless 
growth is fully adequate.  Reseed, fertilize, and mulch damaged areas 
immediately.

1Refer to Appendix 8.02 for botanical names.
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6.11.12

Table 6.11d
Seeding No. 2m for: gentle 
to Steep Slopes, Stony, Dry 

Soils; Low maintenance

Seeding mixture
  Species1 Rate (lb/acre)

Tall fescue
Crown vetch
Korean lespedeza
Redtop

40
10
10
5

Seeding note
If occasional mowing is desired, substitute 20 lb/acre sericea lespedeza 
for crown vetch.

Nurse plants
Between May 1 and Aug. 15, add 10 lb/acre German millet or 15 lb/
acre Sudangrass.  Prior to May 1 or after Aug. 15, add 40 lb/acre rye 
(grain).

Seeding dates

best possible
Below 2500 ft:

Above 2500 ft:

Aug. 15 - Sept. 1 
Mar. 1 - Apr. 1
July 25 - Aug. 15 
Mar. 20 - Apr. 20

July 25 - Sept. 15 
Mar. 1 - May 10
July 15 - Aug. 30 
Mar. 5 - May 15

Complete seeding earlier in fall, and start later in spring on north- and 
east-facing slopes.

Soil amendments
Follow recommendations of soil tests, or apply 4,000 lb/acre ground 
agricultural limestone and 1,000 lb/acre 5-10-10 fertilizer.

mulch
Apply 4,000-5,000 lb/acre grain straw or equivalent cover of another 
suitable mulching material.  Anchor mulch by tacking with asphalt, 
roving, or netting.  Netting is the preferred anchoring method on steep 
slopes.

maintenance
Do not mow crown vetch.  Refertilize in the second year unless 
growth is fully adequate.  Reseed, fertilize and mulch damaged areas 
immediately.

1Refer to Appendix 8.02 for botanical names.
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 6.11.13

Table 6.11e
Seeding No. 3m for: gentle 
Slopes, average Soils; Low

maintenance

Seeding mixture
 Species1 Rate (lb/acre)

Tall fescue
Kentucky bluegrass
Sericea lespedeza
Korean lespedeza

60
10
15
10

Seeding note
1. After Aug. 15, use unscarified sericea seed.
2. Where appearance is a consideration, omit sericea lespedeza and 
increase Korean lespedeza to 40 lb/acre.

Nurse plants
Between May 1 and Aug. 15, add 10 lb/acre German millet or 15 lb/
acre Sudangrass.  Prior to May 1 or after Aug. 15, add 40 lb/acre rye 
(grain).

Seeding dates

best possible
Below 2500 ft:

Above 2500 ft:

Aug. 15 - Sept. 1 
Mar. 1 - Apr. 1
July 25 - Aug. 15 
Mar. 20 - Apr. 20

July 25 - Sept. 15 
Mar. 1 - May 10
July 15 - Aug. 30 
Mar. 5 - May 15

Soil amendments
Apply lime and fertilizer according to soil tests or apply 4,000 lb/acre 
ground agricultural limestone and 1,000 lb/acre 10-10-10 fertilizer.

mulch
Apply 4,000 lb/acre grain straw.  Anchor straw by tacking with asphalt, 
netting, roving, or by crimping with a mulch anchoring tool.  A disk with 
blades set nearly straight can be used as a mulch anchoring tool.

maintenance
Refertilize in the second year unless growth is fully adequate.  May be 
mowed once or twice per year, but mowing is not necessary.  Reseed, 
fertilize, and mulch damaged areas immediately.

1Refer to Appendix 8.02 for botanical names.



6

Table 6.11f
Seeding No. 4m for: gentle 

Slopes, full Sun; High
maintenance

Seeding mixture
 Species1 Rate (lb/acre)

Kentucky bluegrass (mixture 
of at least three improved 
varieties and no companion 
plants) 75-100

Seeding note
In shady locations, 40% by weight fine fescue, such as hard, red, or 
Chewings red fescue may be substituted.

Seeding dates

best possible
Below 2500 ft:

Above 2500 ft:

Aug. 15 - Sept. 1 
Mar. 1 - Apr. 1
July 25 - Aug. 15 
Mar. 20 - Apr. 20

July 25 - Sept. 15 
Mar. 1 - May 10
July 15 - Aug. 30 
Mar. 5 - May 15

Soil amendments
Apply lime and fertilizer according to soil tests, or apply 4,000 lb/acre 
ground agricultural limestone and 1,000 lb/acre 10-10-10 fertilizer.

mulch
Apply 3,000-4,000 lb/acre grain straw or equivalent cover of another 
suitable mulch.  Anchor mulch by tacking with asphalt, roving, netting, 
or by rolling and wetting.

maintenance
Refertilize annually in late winter and again in the fall.  Turf-type fertilizer 
is preferable, although more expensive and not essential.  Reseed, 
fertilize, and mulch damaged areas immediately.

1Refer to Appendix 8.02 for botanical names.
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 6.11.15

Table 6.11g
Seeding No. 5m for: gentle 

Slopes, full Sun,
Drought-prone Soils; High

maintenance

Seeding mixture
 Species1 Rate (lb/acre)

Tall fescue (KY-31 or a 50:50 
blend of two turf-type tall 
fescues)
50:50 mix of two improved 
bluegrass varieties.

200-250

25-50

Seeding dates

best possible
Below 2500 ft:

Above 2500 ft:

Aug. 15 - Sept. 1 
Mar. 1 - Apr. 1
July 25 - Aug. 15 
Mar. 20 - Apr. 20

July 25 - Sept. 15 
Mar. 1 - May 10
July 15 - Aug. 30 
Mar. 5 - May 15

Soil amendments
Apply lime and fertilizer according to soil tests, or apply 4,000 lb/acre 
ground agricultural limestone and 1,500 lb/acre 10-10-10 fertilizer.

mulch
Apply 3,000-4,000 lb/acre grain straw or equivalent cover of another 
suitable mulch.  Anchor mulch by tacking with asphalt, roving, netting, 
or by rolling and watering.

maintenance
Refertilize annually in late winter and again in fall.  Turf-type fertilizer 
is preferable but not essential.  Seed, fertilize, and mulch bare spots 
immediately, and reseed poor stands with the same mixture in the fall.

1Refer to Appendix 8.02 for botanical names.
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6.11.16

Table 6.11h
Seeding No. 6m for: gentle 

Slopes, Sun or Semi-Shade;
High maintenance;

minimum-care Lawns

Seeding mixture
 Species1 Rate (lb/acre)

Tall fescue blend (equal parts 
of two or preferably three turf-
type tall fescues) 200-250

Seeding dates

best possible
Below 2500 ft:

Above 2500 ft:

Aug. 15 - Sept. 1 
Mar. 1 - Apr. 1
July 25 - Aug. 15 
Mar. 20 - Apr. 20

July 25 - Sept. 15 
Mar. 1 - May 10
July 15 - Aug. 30 
Mar. 5 - May 15

Soil amendments
Apply lime and fertilizer according to soil tests, or apply 4,000 lb/acre 
ground agricultural limestone and 1,200 lb/acre 10-10-10 fertilizer.

mulch
Apply 3,000-4,000 lb/acre grain straw or equivalent cover of another 
suitable mulch.  Anchor mulch by tacking with asphalt, roving, netting, 
or by rolling and wetting.

maintenance
The bunch-type habit of tall fescue restricts its spread into damaged 
areas.  Reseed bare spots in the fall.  Refertilize annually in late 
winter and again in fall.  Reseed, fertilize, and mulch damaged areas 
immediately.

1Refer to Appendix 8.02 for botanical names.
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Table 6.11i
Seeding No. 7m for: gentle 
to Steep Slopes, Stony, Dry

Soils; Low maintenance

Seeding mixture
 Species1 Rate (lb/acre)

Black locust
Korean lespedeza
Weeping lovegrass
Redtop
Winter rye (grain)

3
10
2
1

15

Seeding dates
Feb. 15 - Apr. 1

Fall seeding is impractical; the heavier rate of rye and fertilizer required 
to control erosion over winter would result in excessive competition 
with the tree seedlings.

Soil amendments
Apply lime and fertilizer according to soil tests, or apply 2,000 lb/acre 
ground agricultural limestone and 1,000 lb/acre 5-10-10 fertilizer.

mulch
Apply 4,000-5,000 lb/acre grain straw or equivalent cover of another 
suitable mulching material.  Stabilize mulch by tacking with asphalt, 
roving, or netting.  Netting is the preferred method on steep slopes.

maintenance
Refertilize only if cover is too weak.  Restrict amounts of fertilizer and 
seed to minimize competition with tree seedlings.

1Refer to Appendix 8.02 for botanical names.
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6.11.18

Table 6.11j
Seeding No. 8m for:

grass-lined Channels;
mountains and Upper

piedmont

Seeding mixture
 Species1 Rate (lb/acre)

Tall fescue
Kentucky bluegrass

175-200 (3 lb/1,000 ft2)
20 (1 lb/1,000 ft2)

Nurse plants
Between May 1 and Aug. 15, add 10 lb/acre German millet or 15 lb/
acre Sudangrass.  Prior to May 1 or after Aug. 15, add 40 lb/acre rye 
(grain).

Seeding dates

best possible
Below 2500 ft:

Above 2500 ft:

Aug. 15 - Sept. 1 
Mar. 1 - Apr. 1
July 25 - Aug. 15 
Mar. 20 - Apr. 20

July 25 - Sept. 15 
Mar. 1 - May 10
July 15 - Aug. 30 
Mar. 5 - May 15

Soil amendments
Apply lime and fertilizer according to soil tests, or apply 4,000 lb/acre 
ground agricultural limestone and 1,200 lb/acre 10-10-10 fertilizer.

mulch
Use a rolled erosion control product to cover the bottom of channels and 
ditches.  The lining should extend above the highest calculated depth 
of flow.  On channel side slopes above this height, and in drainages not 
requiring temporary linings, apply 4,000 lb/acre grain straw and anchor 
straw by stapling netting over the top.

Mulch and anchoring materials must not be allowed to wash down 
slope where they can clog drainage devices.

maintenance
Inspect and repair mulch frequently.  Refertilize in late winter according 
to soil tests or apply 150 lb/acre 10-10-10 fertilizer (3 lb/1,000 ft2).  Mow 
regularly to a height of 2-4 inches.

1Refer to Appendix 8.02 for botanical names.
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Table 6.11k
Seeding No. 1p for: Steep
Slopes or poor Soils; Low

maintenance

Seeding mixture
 Species1 Rate (lb/acre)

Tall fescue
Sericea lespedeza
Kobe lespedeza

100
30
10

Seeding notes
1. In Eastern Piedmont, add 25 lb/acre Pensacola Bahiagrass or 10 lb/
acre common Bermudagrass.  Use common Bermudagrass only where 
it is unlikely to become a pest.
2. After Aug. 15, use unscarified sericea seed.
3. Where a neat appearance is desired, omit sericea and substitute 40 
lb/acre Bahiagrass or 15 lb/acre Bermudagrass.
4. To extend spring seeding dates into June, add 15 lb/acre hulled 
Bermudagrass.  However, it is preferable to seed temporary cover and 
seed fescue in Sept.

Nurse plants
Between May 1 and Aug. 15, add 10 lb/acre German millet or 15 lb/
acre Sudangrass.  Prior to May 1 or after Aug. 15, add 40 lb/acre rye 
(grain).

Seeding dates

best possible
Fall:
Late Winter:

Aug. 25 - Sept. 15
Feb. 15 - Mar. 21

Aug. 20 - Oct. 25
Feb. 1 - Apr. 15

Fall is best for tall fescue, and lespedezas in late winter.  Overseeding 
of Kobe lespedeza over fall-seeded tall fescue is very effective.  Use 
unhulled Bermudagrass seed in fall.

Soil amendments
Apply lime and fertilizer according to soil tests or apply 4,000 lb/acre 
ground agricultural limestone and 1,000 lb/acre 10-10-10 fertilizer.

mulch
Apply 4,000-5,000 lb/acre grain straw or equivalent cover of another 
suitable mulching material.  Anchor mulch by tacking with asphalt, 
roving, or netting.  Netting is the preferred anchoring method on steep 
slopes.

maintenance
Refertilize in the second year unless growth is fully adequate.  May be 
mowed once or twice a year, but mowing is not necessary.  Reseed, 
fertilize, and mulch damaged areas immediately.

1Refer to Appendix 8.02 for botanical names.
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Table 6.11l
Seeding No. 2p for: gentle
Slopes, average Soil; Low

maintenance

Seeding mixture
 Species1 Rate (lb/acre)

Tall fescue
Sericea lespedeza
Kobe lespedeza

80
20
10

Seeding notes
1. After Aug. 15, use unscarified sericea seed.
2. Where periodic mowing is planned or a neat appearance is desired, 
omit sericea and increase Kobe lespedeza to 40 lb/acre.
3. To extend spring seeding dates into June, add 15 lb/acre hulled 
Bermudagrass.  However, after mid-Apr. it is preferable to seed 
temporary cover.

Nurse plants
Between May 1 and Aug. 15, add 10 lb/acre German millet or 15 lb/
acre Sudangrass.  Prior to May 1 or after Aug. 15, add 40 lb/acre rye 
(grain).

Seeding dates

best possible

Fall:
Late Winter:

Aug. 25 - Sept. 15
Feb. 15 - Mar. 21

Aug. 20 - Oct. 25
Feb. 1 - Apr. 15

Fall is best for tall fescue and late winter for lespedezas.  Overseeding 
of Kobe lespedeza over fall-seeded tall fescue is very effective.

Soil amendments
Apply lime and fertilizer according to soil tests, or apply 4,000 lb/acre 
ground agricultural limestone and 1,000 lb/acre 10-10-10 fertilizer.

mulch
Apply 4,000 lb/acre grain straw or equivalent cover of another suitable 
mulch.  Anchor straw by tacking with asphalt, netting, or roving or by 
crimping with a mulch anchoring tool.  A disk with blades set nearly 
straight can be used as a mulch anchoring tool.

maintenance
Refertilize in the second year unless growth is fully adequate.  May be 
mowed once or twice a year, but mowing is not necessary.  Reseed, 
fertilize, and mulch damaged areas immediately.

1Refer to Appendix 8.02 for botanical names.
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Table 6.11m
Seeding No. 3p for: gentle
Slopes, Soils with average

or better moisture 
Retention,

Cooler Sites; High
maintenance

Seeding mixture
 Species1 Rate (lb/acre)

Blend of two turf-type tall 
  fescues (90%) and two or 
  more improved Kentucky 
  bluegrass varieties (10%) 200-250

Seeding dates

best possible
Fall:
Winter:

Aug. 25 - Sept. 15
 —

Aug. 20 - Oct. 25
Feb. 1 - Mar. 31

For quality turf, avoid spring seeding.  Where grading is completed 
during late winter or spring, an alternative is to seed 30 lb/acre Kobe 
lespedeza, keep mowed, prepare seedbed, and seed a permanent 
mixture in early fall.

Soil amendments
Apply lime and fertilizer according to soil tests, or apply 4,000 lb/acre 
ground agricultural limestone and 1,000 lb/acre 10-10-10 fertilizer.

mulch
Apply 4,000 lb/acre small grain straw or equivalent cover of another 
suitable mulch.  Anchor straw by tacking with asphalt, netting, roving, or 
by crimping with a mulch anchoring tool.  A disk with blades set nearly 
straight can be used as a mulch anchoring tool.

maintenance
Fertilize according to soil tests or apply 40 lb/acre nitrogen in Jan. or 
Feb., 40 lb in Sept., and 40 lb in Nov., from a 12-4-8, 16-4-8,  or similar 
turf fertilizer.  Avoid fertilizer applications during warm weather, as this 
increases stand losses to disease.  Mow to a height of 2.5-3.5 inches 
as needed.  Reseed, fertilize, and mulch damaged areas immediately.

1Refer to Appendix 8.02 for botanical names.
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Table 6.11n
Seeding No. 4p for: gentle

Slopes, Soils Somewhat
warmer or Drier than 3p, or

with physical Limitations;
High maintenance

Seeding mixture
 Species1 Rate (lb/acre)

Blend of 50% KY-31 tall fescue 
       and 50% mixture of two or  
       more turf-type tall fescues

or
Blend of three or more turf-type

       tall fescues

200-250

200-250

Seeding dates

best possible
Fall:
Winter:

Aug. 25 - Sept. 15
 —

Aug. 20 - Oct. 25
Feb. 1 - Mar. 31

For quality turf, avoid spring seeding.  Where grading is completed 
during late winter or spring, an alternative is to seed 30 lb/acre Kobe 
lespedeza, keep mowed, prepare seedbed, and seed permanent 
mixture between Aug. 25 and Sept. 15.

Soil amendments
Apply lime and fertilizer according to soil tests or apply 4,000 lb/acre 
ground agricultural limestone and 1,000 lb/acre 10-10-10 fertilizer.

mulch
Apply 4,000 lb/acre grain straw or equivalent cover of another suitable 
mulch.  Anchor straw by tacking with asphalt, roving, netting, or by 
crimping with a mulch anchoring tool.  A disk with blades set nearly 
straight can be used as a mulch anchoring tool.

maintenance
Fertilize according to soil tests or apply 40 lb/acre nitrogen in Jan. or 
Feb., 40 lb in Sept., and 40 lb in Nov., from a 12-4-8, 16-4-8, or similar 
turf fertilizer.  Avoid fertilizer applications during warm weather, as 
this increases stand losses to disease.  Reseed, fertilize, and mulch 
damaged areas immediately.  Mow to a height of 2.5-3.5 inches as 
needed.

1Refer to Appendix 8.02 for botanical names.
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Table 6.11o
Seeding No. 5p for:

grass-lined Channels

Seeding mixture
 Species1 Rate (lb/acre)

Tall fescue 200 (4-5 lb/1,000 ft2)

Nurse plants
Between May 1 and Aug. 15, add 15 lb/acre Sudangrass or 15 lb/acre 
German millet.  Prior to May 1 or after Aug. 15, add 40 lb/acre rye 
(grain).

Seeding dates
Best: Aug. 25 - Oct.
Possible: Feb. - Apr. 15

Avoid seeding from Nov. to Jan.  If seeding must be done at this time, 
add 40 lb/acre rye grain and use a channel lining that offers maximum 
protection.

Soil amendments
Apply lime and fertilizer according to soil tests, or apply 4,000 lb/acre 
ground agricultural limestone and 1,000 lb/acre 10-10-10 fertilizer.  
Operate tillage equipment across the waterway.

mulch
Use a rolled erosion control product to cover the bottom of channels 
and ditches, and staple securely.  The lining should extend above the 
highest calculated depth of flow.  On channel side slopes above this 
height, and in drainages not requiring temporary linings, apply 4,000 
lb/acre grain straw, and anchor straw by stapling netting over the top.

Mulch and anchoring materials must not be allowed to wash down 
slopes where they can clog drainage devices.

maintenance
Inspect and repair mulch frequently.  Refertilize in late winter of the 
following year; use soil tests or apply 150 lb/acre 10-10-10.  Mow 
regularly to a height of 2-4 inches.

1Refer to Appendix 8.02 for botanical names.
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Table 6.11p
Seeding No. 1Cp for: well-to

poorly Drained Soils with
good moisture Retention;

Low maintenance

Seeding mixture
 Species1 Rate (lb/acre)

Tall fescue
Pensacola Bahiagrass
Sericea lespedeza
Kobe lespedeza

80
50
30
10

Seeding notes
1. From Sept. 1 - Mar. 1, use unscarified sericea seed.
2. On poorly drained sites, omit sericea and increase Kobe to 30 lb/
acre.
3. Where a neat appearance is desired, omit sericea and increase 
Kobe to 40 lb/acre.

Nurse plants
Between Apr. 15 and Aug. 15, add 10 lb/acre German millet or 15 lb/
acre Sudangrass.  Prior to May 1 or after Aug. 15, add 25 lb/acre rye 
(grain).

Seeding dates

best possible
Early spring:
Fall:

Feb. 15 - Mar. 20
Sept. 1 - Sept. 30

Feb. 15 - Apr. 30
Sept. 1 - Oct. 31

Soil amendments
Apply lime and fertilizer according to soil tests, or apply 3,000-5,000  lb/
acre ground agricultural limestone (use the lower rate on sandy soils) 
and 1,000 lb/acre 10-10-10 fertilizer.

mulch
Apply 4,000 lb/acre grain straw or equivalent cover of another suitable 
mulch.  Anchor straw by tacking with asphalt, netting, roving, or by 
crimping with a mulch anchoring tool.  A disk with blades set nearly 
straight can be used as a mulch anchoring tool.

maintenance
If growth is less than fully adequate, refertilize in the second year, 
according to soil tests or topdress with 500 lb/acre 10-10-10 fertilizer.  
Mow as needed when sericea is omitted from the mixture.  Reseed, 
fertilize, and mulch damaged areas immediately.

1Refer to Appendix 8.02 for botanical names.
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Table 6.11q
Seeding No. 2Cp for: well-to

poorly Drained Soils with
good moisture Retention;

High maintenance

Seeding mixture
 Species1 Rate (lb/acre)

Tall fescue (blend of two or 
  three improved varieties)
Rye (grain)

200
25

Seeding dates
Best: Sept. 15 - Oct. 15
Possible: Sept. 1 - Oct. 31 or Feb. 15 - Apr. 30

Soil amendments
Apply lime and fertilizer according to soil tests or apply 3,000-5,000 lb/
acre ground agricultural limestone (use the lower rate on sandy soils) 
and 1,000 lb/acre 10-10-10 fertilizer.

mulch
Apply 4,000 lb/acre small straw or equivalent cover of another suitable 
mulch.  Anchor straw by tacking with asphalt, netting, roving, or by 
crimping with a mulch anchoring tool.  A disk with blades set nearly 
straight can be used as a mulch anchoring tool.

maintenance
Fertilize according to soil tests or apply 40 lb/acre nitrogen in Jan. or 
Feb., 40 lb in Sept., and 40 lb in Nov., from a 12-4-8, 16-4-8, or similar 
turf fertilizer.  Avoid fertilizer applications during warm weather, as 
this increases stand losses to disease.  Reseed, fertilize, and mulch 
damaged areas immediately.  Mow to a height of 2.5-3.5 inches as 
needed.

1Refer to Appendix 8.02 for botanical names.
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Table 6.11r
Seeding No. 3Cp for: Dry
Sands to Sandy Loams;

High maintenance, fine Turf

Seeding mixture
 Species1 Rate (bu/1,000 ft2)

Tifway or Tifway II
  hybrid Bermudagrass

Minimum: 3
Rapid cover: 10

Seeding notes:
1. Sprig or sod (Practice 6.12, Sodding).  Moisture is essential during 
initial establishment.  Sod must be kept well watered for 2-3 weeks, but 
can be planted earlier or later than sprigs.
2. Common Bermuda can be seeded or sprigged, but does not produce 
a high-quality turf.  It is also less cold tolerant than the hybrids, more 
weed prone, and a pest in flower beds and specimen plantings.

planting dates
Apr. - July

Soil amendments
Apply lime and fertilizer according to soil tests, or apply 3,000 lb/acre 
ground agricultural limestone and 500 lb/acre 10-10-10 fertilizer, or 50 
lb/acre nitrogen from turf-type slow-release fertilizer.  Add 25-50 lb/acre 
nitrogen at 2-to-3 week intervals through midsummer.

Sprigging
Plant sprigs in furrows with a tractor-drawn transplanter, or broadcast 
by hand.

furrows should be 4-6 inches deep and 2 feet apart.  Place sprigs 
about 2 feet apart in the row with one end at or above ground level 
(Figure 6.11d).

broadcast at rates shown above, and press sprigs into the top 1/2-2 
inches of soil with a disk set straight so that sprigs are not brought back 
toward the surface.

mulch
Do not mulch.

maintenance
Water as needed and mow to 3/4- to 1-inch height.  Topdress with 40 
lb/acre nitrogen in Apr., 50 lb in May, 50 lb in June, 30 lb in July, and 
25-50 lb in Aug.

1Refer to Appendix 8.02 for botanical names.
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Table 6.11s
Seeding No. 4Cp for:

well-Drained Sandy Loams to 
Dry Sands, Coastal plain and 

Eastern Edge of piedmont; 
Low- to medium-Care Lawns

Seeding mixture
 Species1 Rate

Centipedegrass 10-20 lb/acre (seed) or
33 bu/acre (sprigs)

Seeding dates
Mar. - June
(Sprigging can be done through July where water is available for 
irrigation.)

Soil amendments
Apply lime and fertilizer according to soil tests, or apply 300 lb/acre 
10-10-10 fertilizer.

Sprigging
Plant sprigs in furrows with a tractor-drawn transplanter, or broadcast 
by hand.

furrows should be 4-6 inches deep and 2 feet apart.  Place sprigs 
about 2 feet apart in the row with one end at or above ground level 
(Figure 6.11d).

broadcast at rates shown above, and press sprigs into the top 1/2-2 
inches of soil with a disk set straight so that sprigs are not brought back 
toward the surface.

mulch
Do not mulch.

maintenance
Fertilize very sparingly—20 lb/acre nitrogen in spring with no 
phosphorus.  Centipedegrass cannot tolerate high pH or excess 
fertilizer.

1Refer to Appendix 8.02 for botanical names.
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Table 6.11t
Seeding No. 5Cp for:

well-Drained Sandy Loams
to Dry Sands; Low

maintenance

Seeding mixture
 Species1 Rate (lb/acre)

Pensacola Bahiagrass
Sericea lespedeza
Common Bermudagrass
German millet

50
30
10
10

Seeding notes
1. Where a neat appearance is desired, omit sericea.
2. Use a common Bermudagrass only on isolated sites where it 
cannot become a pest.  Bermudagrass may be replaced with 5 lb/acre 
centipedegrass.

Seeding dates
Apr.1 - July 15

Soil amendments
Apply lime and fertilizer according to soil tests, or apply 3,000 lb/acre 
ground agricultural limestone and 500 lb/acre 10-10-10 fertilizer.

mulch
Apply 4,000 lb/acre grain straw or equivalent cover of another suitable 
mulch.  Anchor by tacking with asphalt, roving, netting, or by crimping 
with a mulch anchoring tool.  A disk with blades set nearly straight can 
be used as a mulch anchoring tool.

maintenance
Refertilize the following Apr. with 50 lb/acre nitrogen.  Repeat as growth 
requires.  May be mowed only once a year.  Where a neat appearance 
is desired, omit sericea and mow as often as needed.

1Refer to Appendix 8.02 for botanical names.
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Table 6.11u
Seeding No. 6Cp for:

Intertidal zones of Estuarine
Shorelines, Dredged

material, and graded areas
in Salt water

Seeding mixture
 Species1 planting zone (Figure 6.11e)

Smooth cordgrass mean sea level to mean high water

Saltmeadow cordgrass mean high water to average high 
water of storm tides

Giant cordgrass irregularly flooded areas where 
salinity does not exceed 10 (ppt)

Spacing
2x2 feet

planting dates
Apr. - June

Site suitability
Periodic flooding and draining is necessary for good growth.  In North 
Carolina, estuaries south of Cape Lookout, and areas near inlets 
where diurnal lunar tides range 2 to 5 feet provide a relatively wide 
intertidal zone for growth of smooth cordgrass.  Larger estuaries north 
of Cape Lookout, where water level is determined primarily by wind 
and freshwater runoff, provide only a narrow intertidal zone in which 
plantings must be placed precisely according to elevation.

Source of plants
Greenhouse-grown seedlings may be obtained from commercial 
sources, but usually only by contract orders.  Plants may be dug from 
existing stands.  Select plants from recently established marshes with 
open stands or marsh edges where plants are vigorous and the root mat 
is not dense.  Digging and separating is easier in sand.  Disposal areas 
for sandy, dredged materials often provide a good source of plants.  
Care should be taken to minimize damage to existing marshes.

Once plants are dug, prevent them from dying by packing the roots in 
moist sand in buckets or tubs.

planting methods
Hand planting may be done by opening holes 4-6 inches deep with a 
dibble or shovel, inserting a single stem, and packing the soil around 
it.  Large, firm areas may be planted with a tractor-drawn transplanter 
(tobacco or vegetable transplanter).

(Table 6.11u continued)
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Table 6.11u
(continued)

fertilization
Lime and fertilizer should be applied at rates recommended by a soil 
test (ask for recommendations for fescue).  Without a soil test, apply 
2 tons/acre lime, 100 lb/acre nitrogen (preferably an all-ammonium 
source), and 200 lb/acre P205.  Potassium is not required.  Fertilizer may 
be broadcast and incorporated before planting if the site can be graded 
and planted before flooding occurs.  Incorporate all amendments into 
the upper 4-6 inches of soil.

If the area to be planted is flooded regularly, apply fertilizer below the 
surface at planting.  Slow-release fertilizers are more effective since 
they supply nitrogen over a longer period of time, and can be placed in 
the planting hole with little risk of damaging the roots.  If soluble (quick-
release) materials are used, cover with 2 inches of soil before inserting 
plant.  Osmocote (14-14-14 or 18-6-12) is an effective slow-release 
material that can be placed in the planting hole at the rate of 0.5 to 1.0 
oz (2-4 teaspoons) per plant.

maintenance
Where plantings are exposed to wave action, replace plants that are 
washed out.  In the second and third growing seasons, broadcast 
nitrogen and P2O5 at 150 lb/acre split into three equal applications in 
Apr., June, and Aug.  Always apply fertilizer at low tide.
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Table 6.11v
Seeding No. 7Cp for:

grass-lined Channels;
Coastal plain, Lower

piedmont, and Dry Soils in
the Central piedmont

Seeding mixture
 Species1 Rate (lb/acre)

Common Bermudagrass 40-80 (1-2 lb/1,000 ft2)

Seeding dates
Coastal Plain: Apr. - July
Piedmont: Apr. 15 - June 30

Soil amendments
Apply lime and fertilizer according to soil tests, or apply 3,000 lb/acre 
ground agricultural limestone and 500 lb/acre 10-10-10 fertilizer

mulch
Use a rolled erosion control product to cover the bottom of channels and 
ditches.  The lining should extend above the highest calculated depth 
of flow.  On channel side slopes above this height and in drainages not 
requiring temporary linings, apply 4,000 lb/acre grain straw, and anchor 
straw by stapling netting over the top.

Mulch and anchoring materials must not be allowed to wash down 
slopes where they can clog drainage devices.

maintenance
A minimum of 3 weeks is required for establishment.  Inspect and 
repair mulch frequently.  Refertilize the following Apr. with 50 lb/acre 
nitrogen.

1Refer to Appendix 8.02 for botanical names.
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 6.12.1

Practice Standards and Specifications

SODDINg

Definition Permanently stabilizing areas by laying a continuous cover of grass sod.

Purpose To prevent erosion and damage from sediment and runoff by stabilizing the 
soil surface with permanent vegetation where specific goals might be:

• to provide immediate vegetative cover of critical areas,

• to stabilize disturbed areas with a suitable plant material that cannot be 
established by seed, or

• to stabilize drainageways, channels, and other areas of concentrated flow 
where flow velocities will not exceed that specified for a grass lining 
(Appendix 8.05).

Conditions Where 
Practice Applies

Disturbed areas which require immediate and permanent vegetative cover, or 
where sodding is preferred to other means of grass establishment.  Locations 
particularly suited to stabilization with sod are:

• waterways and channels carrying intermittent flow at acceptable velocities 
(Appendix 6.05),

• areas around drop inlets, when the drainage area has been stabilized 
(Practice 6.53, Sod Drop Inlet Protection),

• residential or commercial lawns and golf courses where prompt use and 
aesthetics are important, and

• steep critical areas.

Planning
Considerations

Quality turf can be established with either seed or sod; site preparation for the 
two methods is similar.  The practice of sodding for soil stabilization eliminates 
both the seeding and mulching operations, and is a much more reliable method 
of producing adequate cover and sediment control.  However, compared to 
seed, sod is more difficult to obtain, transport, and store.

Advantages of properly installed sod include:

• immediate erosion and dust control,

• nearly year-round establishment capability,

• less chance of failure than with seedings,

• freedom from weeds, and

• rapid stabilization of surfaces for traffic areas, channel linings, or critical 
areas.

Sod can be laid during times of the year when seeded grasses may fail, provided 
there is adequate water available for irrigation in the early weeks.  Irrigation 
is essential, at all times of the year, to install sod.  It is initially more costly to 
install sod than to plant seed.  However, the higher cost may be justified for 
specific applications where sod performs better than seed.

6.12
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In waterways and channels that carry concentrated flow, properly pegged sod is 
preferable to seed because it provides immediate protection.  Drop inlets placed 
in areas to be grassed can be protected from sediment by placing permanent 
sod strips around the inlet (Practice 6.53, Sod Drop Inlet Protection).  Sod also 
maintains the necessary grade around the inlet.

Because sod is composed of living plants that must receive adequate care, final 
grading and soil preparation should be completed before sod is delivered.  If 
left rolled or stacked, heat can build up inside the sod, causing severe damage 
and loss of costly plant material.

Specifications Choosing appropriate types of sod—The type of sod selected should be 
composed of plants adapted to both the site and the intended purpose.  In 
North Carolina these are limited to Kentucky bluegrass, tall fescue, bluegrass-
tall fescue blends, fine-turf (hybrid) Bermudagrass, St. Augustinegrass, 
centipedegrass, and zoysiagrass.  Species selection is primarily determined 
by region, availability, and intended use (Table 6.12a).  Availability varies 
across the state and from year to year.  New varieties are continually being 
developed and tested.  A complete and current listing of sod recommendations 
can be obtained from suppliers or the State Agricultural Extension office.  Sod 
composed of a mixture of varieties may be preferred becuase of its broader 
range of adaptability.

Table 6.12a
Types of sod available in

North Carolina

varieties Region of
adaptation

Cool Season grasses:

Kentucky blugrass blend1 Mountains

Tall fescue blend Adventure, Brookston, 
Falcon, Finelawn, 
Galway, Houndog, 
Jaguar, Olympic, Rebel

Mountains 
and Piedmont

Tall fescue/Kentucky 
bluegrass

Mountains 
and Piedmont

warm Season grasses:
Hybrid Bermudagrass Vamont, Tifway, Tifway 

II & Tifgreen
Piedmont and 
Coastal Plain

Zoysiagrass Emerald, Meyer Piedmont and 
Coastal Plain

Centipedegrass No improved varieties Piedmont and 
Coastal Plain

St. Augustinegrass Raleigh Piedmont and 
Coastal Plain

1A large number of varieties exist—consult suppliers and your local 
Agricultural Extension office for recommendations.
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Quality of sod—Use only high-quality sod of known genetic origin, free of 
noxious weeds, disease, and insect problems.  It should appear healthy and 
vigorous, and conform to the following specifications:

• Sod should be machine cut at a uniform depth of 1/2 - 2 inches (excluding 
shoot growth and thatch).

• Sod should not have been cut in excessively wet or dry weather.

• Sections of sod should be a standard size as determined by the supplier, 
uniform, and untorn.

• Sections of sod should be strong enough to support their own weight, and 
retain their size and shape when lifted by one end.

• Harvest, delivery, and installation of sod should take place within a period 
of 36 hours.

Soil preparation—Test soil to determine the exact requirements for lime and 
fertilizer.  Soil tests may be conducted by the State soil testing lab or a reputable 
commercial laboratory.  Information on free soil testing is available from the 
Agronomic Division of the North Carolina Department of Agriculture or the 
Agricultural Extension Service.  Where sodding must be planned without soil 
tests the following soil amendments may be sufficient:

• Pulverized agricultural limestone at a rate of 2 tons/acre (100 lb/1,000 
ft2)

• Fertilizer at a rate of 1,000 lb/acre (25 lb/1,000 ft2) of 10-10-10 in fall or 
5-10-10 in spring.

Equivalent nutrients may be applied with other fertilizer formulations.  These 
amendments should be spread evenly over the area, and incorporated into the 
top 4-8 inches of soil by disking, harrowing, or other effective means.  If 
topsoil is applied, follow specifications given in Practice 6.04, Topsoiling.

Prior to laying sod, clear the soil surface of trash, debris, roots, branches, 
stones, and clods larger than 2 inches in diameter.  Fill or level low spots in 
order to avoid standing water.  Rake or harrow the site to achieve a smooth 
and level final grade.

Complete soil preparation by rolling or cultipacking to firm the soil.  Avoid 
using heavy equipment on the area, particularly when the soil is wet, as this 
may cause excessive compaction, and make it difficult for the sod to take 
root.

Sod installation—A step-by-step procedure for installing sod is illustrated in 
Figure 6.12a and described below.

1. Moistening the sod after it is unrolled helps maintain its viability.  Store it 
in the shade during installation.

2. Rake the soil surface to break the crust just before laying sod.  During the 
summer, lightly irrigate the soil, immediately before laying the sod to cool the 
soil, reduce root burning, and dieback.
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3. Do not sod on gravel, frozen soils, or soils that have been treated recently 
with sterilants or herbicides.

4. Lay the first row of sod in a straight line with subsequent rows placed 
paralled to and butting tightly against each other.  Stagger strips in a brick-like 
pattern.  Be sure that the sod is not streached or overlapped and that all joints 
are butted tightly to prevent voids.  Use a knife or sharp spade to trim and fit 
irregularly shaped areas.

5. Install strips of sod with their longest dimension perpendicular to the 
slope.  On slopes 3:1 or greater, or wherever erosion may be a problem, secure 
sod with pegs or staples.

6. As sodding of clearly defined areas is completed, roll sod to provide firm 
contact between roots and soil.

7. After rolling, irrigate until the soil is wet 4 inches below the sod.



 6.12.5

Practice Standards and Specifications

8. Keep sodded areas moist to a depth of 4 inches until the grass takes root.  
This can be determined by gently tugging on the sod—resistance indicates 
that rooting has occurred.

9. Mowing should not be attempted until the sod is firmly rooted, usually 2-3 
weeks.

Sodded waterways—Sod provides a resilient channel lining, providing 
immediate protection from concentrated runoff and eliminating the need for 
installing mats or mulch.  The following points apply to the use of sod in 
waterways:

1. Prepare the soil as described in Practice 6.30, Grass-lined Channels.  The 
sod type must be able to withstand the velocity of flow specified in the channel 
design (Appendix 8.05).

2. Lay sod strips perpendicular to the direction of flow, with the lateral joints 
staggered in a brick-like pattern.  Edges should butt tightly together (Figure 
6.12b).
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Table 6.12b
Characteristics of the principal Lawn grasses grown as Sod in North Carolina

Species or mixture adaptation maintenance

Shade Heat Cold Drought Wear
Annual

Fertilizer
(lb N/1000 ft2)

Mowing
Height

(in.)

Mowing
Frequency

Kentucky bluegrass good fair good good good 2.5-4 2 med.

Kentucky bluegrass/
Tall fescue

good good good good good 2.5-3 3 high

Tall fescue good good good good good 2.5-3.5 3 high

Hybrid Bermudagrass poor good poor excel. excel. 5-6 1 high

Centipedegrass fair good poor good poor 0.5 1 low

St. Augustinegrass good good poor good poor 2.5 2-3 med.

Zoysiagrass fair good fair excel. good 1.5 1 high

Adapted from Carolina Lawns, NCAES Bulletin no. AG-69.

3. After rolling or tamping to create a firm contact, peg or staple individual sod 
strips to resist washout during establishment.  Jute or other netting material may 
be pegged over the sod for extra protection on critical areas.

Maintenance After the first week, water as necessary to maintain adequate moisture in the 
root zone and prevent dormancy of the sod.

Do not remove more than one-third of the shoot in any mowing.  Grass height 
should be maintained between 2 and 3 inches unless otherwise specified.

After the first growing season, established sod requires fertilization, and may 
also require lime.  Follow soil test recommendations when possible, or use the 
rates in Table 6.12b.

References Site Preparation 
6.04, Topsoiling

Surface Stabilization 
6.11, Permanent Seeding

Runoff Conveyance Measures 
6.30, Grass-lined Channels

Inlet Protection 
6.53, Sod Drop Inlet Protection

Appendices 
8.02, Vegetation Tables 
8.05, Design of Stable Channels and Diversions
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TREES, SHRUbS, vINES, aND gROUND COvERS
6.13

Definition Stabilizing disturbed areas by establishing a vegetative cover of trees, shrubs, 
vines, or ground covers.

Purpose To stabilize the soil with vegetation other than grasses or legumes, to provide 
food and shelter for wildlife, and to provide windbreaks or screens.

Conditions Where 
Practice Applies

Trees, shrubs, vines, and ground covers may be used on steep or rocky slopes 
where mowing is not feasible; as ornamentals for landscaping purposes; or in 
shaded areas where grass establishment is difficult.

Planning
Considerations

Woody plants and ground covers provide alternatives to grasses and legumes 
as low-maintenance, long-term erosion control.  However, they are normally 
planted only for special, high-value applications, or for aesthetic reasons 
because there is additional cost and labor associated with their use.

Very few of these plants can be dependably planted from seed, and none of 
them are capable of providing the rapid cover possible with grasses.  Trees and 
shrubs in particular require a long time to produce cover adequate to control 
erosion.  Consequently, efforts must first focus on short-term stabilization 
using densely-growing herbaceous species or a dependable mulch.

There are many different species of woody plants and ground covers from 
which to choose.  Most are not as broadly adapted as herbaceous species, 
and care must be taken in their selection.  It is essential to select planting 
material suited to both the intended use and site.  Specific characteristics and 
requirements of recommended species are given in Appendix 8.02 as an aid to 
their selection.

The large selection of available plant material makes it impractical to give 
planting specifications for even the most common species.  Instead, general 
planting guidelines are given here.

ZONES OF ADAPTATION
Zones of climatic adaptation of landscape plants are referred to as “Plant 
Hardiness Zones” (Figure 6.13a).  North Carolina encompasses portions of 
zones 6, 7, 8, and 9, but most of the State falls into zones 7 and 8.  Most 
of the plants listed in Table 8.02b (Appendix 8.02) are climatically adapted 
throughout the state.  Plant selection is most limited for high elevations in the 
Mountains and the extreme northwest corner of the state (zone 6).

TREES
Although trees are among the best soil stabilizers, years are required for the 
development of forest cover adequate to meet sedimentation control objectives.  
Efforts must first focus on establishing densely-growing species to stabilize 
the site and protect the area between immature trees.

For areas in which tree or shrub plantings are planned, initial seedings of 
grasses and legumes may need to be altered somewhat to reduce competition 
with the woody species.  Unless the site is highly erodible, seeding rates may
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be reduced, or competitive species may be omitted.  Species such as tall 
fescue, which produce vigorous early growth, are highly competitive.  Annual 
lespedezas, which start growing relatively late in the spring, are much less 
competitive with tree seedlings.  On highly erodible sites the addition of a low 
seeding rate of weeping lovegrass may be effective.

Two alternative approaches to establishing tree cover on disturbed sites are: (1) 
planting seedlings of the desired species, usually at the earliest suitable date, 
or (2) allowing natural invasion by native species.  Most unmowed sites in 
North Carolina will be colonized, usually within a few years, by pine species 
dominant in the locality.

Planting speeds tree establishment, ensures adequate stands, and allows 
selection of species composition.  Where forest production is the objective, 
planting is preferable to natural invasion.  Where invasion is acceptable, tree 
planting is not necessary if there is a seed source near the site.

Black locust is the only tree useful for conservation and revegetation that is 
readily established by adding seeds to the initial seeding mixture (Practice 
6.11, Permanent Seeding, Table 6.11i).  It is only adapted to the Mountain 
region where it is recommended for particularly erodible sites.

Black locust grows rapidly, and is tolerant of shallow, dry, infertile soils.  
Being a legume, it contributes nitrogen and nutrient-rich litter to the soil, 
thereby preparing the way for succession by more valuable hardwoods.  It 
has other characteristics that also foster successional development; it is fairly 
short-lived, intolerant of shade, and unable to regenerate under its own or 
other tree canopies.

Seeded stands of black locust can be almost impenetrable for 6-8 years.  
The trees are thorny, and can be hazardous to people and equipment.  At the 
same time they provide effective protection from traffic—a highly beneficial 
function on fragile sites.

SHRUBS
Shrubs vary in form from small trees to sprawling, woody ground covers.  
They differ from most trees in that several small trunks arise from a common 
base.

6.13.2
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As a supplement to herbaceous, plantings shrubs can be used to:

• increase the aesthetic value of plantings,

• provide screening,

• enhance windbreaks,

• provide food and cover for wildlife,

• accelerate the transition to a diverse landscape, and

• provide post-construction landscaping.

GROUND COVERS
As used by landscapers, “ground cover” refers to low-growing, herbaceous or 
woody plants that spread vegetatively to produce a dense, continuous cover.  
They are used in landscape plantings, or as an alternative to turf.  Typically 
only a few ornamental grasses are included in this category.  Many ground 
covers, such as English ivy, are vines that spread along the ground but also 
climb on buildings, fences, or other vegetation.

Ground covers differ in growth form, growth rate, and shade tolerance.  They 
may be evergreen or deciduous.  Some are suitable only as part of a high-
maintenance landscape; others can be used to stabilize large areas with little 
maintenance.

In addition to stabilizing disturbed soil, vines and ground covers perform the 
following functions:

• They maintain cover in heavily shaded areas where turf will not thrive.

• They provide attractive cover that does not need mowing.

• They restrict pedestrian traffic (people are likely to avoid walking through 
a thick bed of ivy or a planting of juniper).

Specifications Areas planted to shrubs or trees must also be covered with a suitable mulch, 
or seeded to permanent vegetation, to protect the site until the woody plants 
become established.  Refer to Practices 6.11, Permanent Seeding, and 6.14, 
Mulching, to select methods for stabilizing these areas.  Do not use plants that 
will shade-out the woody seedlings.  A circle of mulch around seedlings helps 
them compete with herbaceous plants.

TREES
Sources—Trees can be dug on-site with a tree spade, or purchased from a 
nursery.  Large trees come with their roots and the attached soil wrapped in 
burlap, and small trees and shrubs are sold in plastic containers or as bare-root 
stock.  The soil ball of containerized and burlapped trees should be 12 inches  
in diameter for each inch of trunk diameter.

Black locust is a tree that can be readily established by seed.  It is an excellent 
tree for stabilization purposes, but is only adapted to the Mountain region.  
Seeds can be included in the initial seeding mixture (Practice 6.11, Permanent 
Seeding, Table 6.11i).



6

6.13.4

Planting bare-root tree seedlings—Bare-root seedlings should be handled 
only while dormant in late winter, early spring, or after leaf fall in autumn.  
Availability of stock usually limits planting to winter or spring.  Store packages 
of seedlings in a shaded location out of the wind.  If it is necessary to store 
moss-packed seedlings for more than two weeks, add one pint of water per 
package.  Do not add water to clay-treated seedlings.

Do not allow roots to dry out during planting by carrying seedlings exposed 
to air and sun.  Keep moss-packed seedlings in a container packed with wet 
moss or filled with thick muddy water.  Cover clay-treated seedlings with wet 
burlap.

A method for hand planting bare-root seedlings is illustrated in Figure 6.13b.  
With a tree planting bar or spade, make a notch deep enough to accommodate 
the roots.  Place the roots in the notch to the same depth as in the nursery, then 
firm soil around roots by pressing the notch closed.  Water immediately and 
mulch the area within 2 ft of the plant.  Several weeks after planting, broadcast 
a handful of 10-10-10 fertilizer around each plant, at least 1 ft from the base.
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On large sites where slopes are not prohibitive, bare-root seedlings can be 
efficiently planted in furrows using a tractor-drawn vegetable transplanter.

Planting balled-and-burlapped or container-grown trees—(Figure 6.13c).  
Late fall (Nov. - Dec.) is the preferred planting time for deciduous trees 
and evergreens, although they may be planted year-round.  Avoid summer 
planting.

Keep the soil around the roots moist until planting.  Branches should be bound 
with soft rope to prevent damage during transport.

Each planting hole must be deep and wide enough to allow proper placement 
of the root ball.  Ideally, the hole should be twice the size of the root ball.  
When digging the hole, keep topsoil separate from subsoil.  If the subsoil 
is high in clay, allow extra room (one-half again the height of the root ball).  
Backfill the hole with enough topsoil or peat moss to position the base of the 
tree at the same level as in the nursery.

If the plant is in a container, carefully remove it, taking the soil surrounding 
the roots with it.  This may require cutting the container.  Loosen the twine and 
burlap at the top of balled-and-burlapped plants, and check to make sure that 
no other wrapping is present before planting.

Before replacing subsoil, mix it with one-third peat moss or well-rotted manure.  
Backfill the hole, firming the soil as it is replaced, and leave a depression 
around the trunk within the excavated area to hold water.  Cover the base of 
the trunk to the same level as before it was removed (Figure 6.13c).  Water 
thoroughly, and rewater as necessary to keep the roots moist.

Stake small trees with vertical stakes driven into the ground, just beyond the 
root ball (Figure 6.13c).  Secure large trees with guy wires.  Cushion wire, 
where it contacts the tree, with rubber hose.  Wrap the trunks of young trees to 
protect them from sunburn and pests.

Fertilize trees in late fall or early spring, before leaves emerge.  Using a 
punchbar, crowbar, or auger, make holes 18 inches deep and about 2 ft apart 
around the drip line of each tree.  Distribute the fertilizer evenly among the 
holes to bring it in contact with tree roots, and close.

SHRUBS
Selecting shrubs—The best shrubs for erosion control have characteristics 
such as fast growth, ease of establishment, large lateral spread or prostrate 
growth, year-round foliage (evergreens), disease and insect resistance, ability 
of the roots to fix nitrogen, and adaptation to a broad range of soil conditions.  
Selections should be based on a specific site and purpose.

Many different species and varieties of shrubs are available that grow well in 
North Carolina.  Those described in Table 8.02b (Appendix 8.02) are generally 
available, and are useful for stabilization and erosion control.  In most situations 
it will not be necessary to look further than this listing.  For very specific uses 
consult local nurserymen or the State Extension Horticulturist.
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Obtaining shrubs—Shrubs are normally planted as bare-root stock or 
container-grown plants.  Container-grown seedlings, 1 year old, are usually 
recommended for their ease of planting and cost.

Planting is best done in early fall or early spring.  Follow the general procedures 
for tree care and planting (Figures 6.13b and c).

Maintenance requirements depend on the particular shrub.  In all cases watering 
is important in getting plants established.  Once established, fertilizing every 3 
years is generally sufficient.  A heavy layer of mulch around the base of each 
plant reduces weeds and retains moisture.  Mulch may consist of woodchips, 
sawdust pine needles, or straw.

VINES AND GROUND COVERS
Selecting plants—For most stabilization purposes, fast-growing, evergreen, 
low-maintenance ground covers are preferable.  Some pertinent characteristics 
that should help in selecting appropriate ground covers are given in Table 
8.02b (Appendix 8.02).

When to plant—Ground covers are best planted in early fall or early spring.  
Spring planting is preferred in the mountains.

Site preparation—Good soil is important in establishing ground covers 
because their dense growth requires large amounts of nutrients and water.  
Well-drained soils high in organic matter work best.  When possible, apply 
organic matter in the form of peat, sawdust, or well-rotted manure, and 
incorporate to 4-6 inches.

Add lime and fertilizer according to soil tests, or add 100 lb/1,000 ft2 ground 
agricultural limestone, and 50 lb/1,000 ft2 of 10-10-10 fertilizer and incorporate 
into the top 4-6 inches of soil.  Add organic matter in an amount up to one-
third the total soil volume, either over the whole area (layer 2 inches deep 
mixed into the top 6 inches) or in each planting hole if the area is large.

On steep slopes, till the soil in contour rows, or dig single holes for each 
plant.  Blend the needed lime, fertilizer, and organic material with the soil 
removed from each hole or furrow.  Mix fertilizer thoroughly with the soil 
before planting, and use it sparingly to avoid burning roots.

To eliminate harmful competition from weeds, a pre-emergent herbicide may 
be useful if weeding is not practical.

Planting—Most ground covers are planted from container-grown nursery 
stock.  Planting density determines how quickly full cover is achieved; a 1-
foot spacing is often suggested for rapid cover.  Large plants such as junipers 
can be spaced on 3-feet centers.

Transplanting to the prepared seedbed can be done using a small trowel or a 
spade.  Make a hole large enough to accommodate the roots and soil.  Backfill 
and firm the soil around the plant, water immediately, and keep well watered 
until established.
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Mulching—Competition from volunteer plants inhibits development and 
maintenance of the ground cover.  A thick durable mulch such as shredded 
bark or wood chips should prevent erosion and reduce weeds.  Mulch the 
entire planting area.

On steep slopes (3:1) or highly erodible soils, install netting or matting prior 
to planting, and tuck plants into the soil through slits in the net.  Plant in a 
staggered pattern.

Maintenance—Most ground covers need yearly trimming to promote growth.  
Trim back from trees, flower beds, fences, and buildings.  Add mulch where 
needed and fertilize, as described above, every 3-4 years.

References Site Preparation 
6.04, Topsoiling

Surface Stabilization 
6.11, Permanent Seeding 
6.14, Mulching

Appendix 
8.02, Vegetation Tables
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mULCHINg

Definition Application of a protective blanket of straw or other plant residue, gravel, or 
synthetic material to the soil surface.

Purpose To protect the soil surface from the forces of raindrop impact and overland 
flow.  Mulch fosters the growth of vegetation, reduces evaporation, insulates 
the soil, and suppresses weed growth.  Mulch is frequently used to accent 
landscape plantings.

Conditions Where 
Practice Applies

Mulch temporary or permanent seedings immediately.  Areas that cannot 
be seeded because of the season should be mulched to provide temporary 
protection of the soil surface.  Use an organic mulch in this case (but not wood 
fiber), and seed the area as soon as possible.  Mulch around plantings of trees, 
shrubs, or ground covers to stabilize the soil between plants.

Planning
Considerations

A surface mulch is the most effective, practical means of controlling runoff 
and erosion on disturbed land prior to vegetation establishment.  Mulch 
reduces soil moisture loss by evaporation, prevents crusting and sealing of the 
soil surface, moderates soil temperatures, provides a suitable microclimate for 
seed germination, and may increase the infiltration rate of the soil.

Organic mulches such as straw, wood chips, and shredded bark have been 
found to be the most effective.  Do not use materials which may be sources 
of competing weed and grass seeds.  Decomposition of some wood products 
can tie up significant amounts of soil nitrogen, making it necessary to modify 
fertilization rates, or add fertilizer with the mulch (Table 6.14a).

A variety of mats and fabrics have been developed in recent years for use as 
mulch, particularly in critical areas such as waterways and channels.  Various 
types of netting materials are also available to anchor organic mulches.

Chemical soil stabilizers or soil binders, when used alone, are less effective 
than other types of mulches.  These products are primarily useful for tacking 
wood fiber mulches.

The choice of materials for mulching should be based on soil conditions, 
season, type of vegetation, and size of the area.  A properly applied and tacked 
mulch is always beneficial.  It is especially important when conditions for 
germination are not optimum, such as midsummer and early winter, and on 
difficult areas such as cut slopes and slopes with southern exposures.

ORGANIC MULCHES
Straw is the mulch most commonly used in conjunction with seeding.  The 
straw should come from wheat or oats (“small grains”), and may be spread by 
hand or with a mulch blower.  Straw may be lost to wind, and must be tacked 
down.

Wood chips are suitable for areas that will not be closely mowed, and around 
ornamental plantings.  Chips do not require tacking.  Because they decompose 
slowly, they must be treated with 12 pounds of nitrogen per ton to prevent

6.14
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Table 6.14a
mulching materials and application Rates

material
Organic mulches

Rate per acre Quality Notes

Straw 1-2 tons Dry, unchopped, 
unweathered; avoid 
weeds.

Should come from wheat or oats; 
spread by hand or machine; must 
be tacked down.

Wood chips 5-6 tons Air dry Treat with 12 lbs nitrogen/ton.  Apply 
with mulch blower, chip handler, or 
by hand.  Not for use in fine turf.

Wood fiber 0.5-1 tons Also referred to as wood cellulose.  
May be hydroseeded.  Do not use in 
hot, dry weather.

Bark 35 cubic yards Air dry, shredded or 
hammer-milled, or chips.

Apply with mulch blower, chip 
handler, or by hand.  Do not use 
asphalt tack.

Corn stalks 4-6 tons Cut or shredded in 4-6 
in. lengths.

Apply with mulch blower or by hand.  
Not for use in fine turf.

Sericea 
lespedeza 
seed-bearing 
stems

1-3 tons Green or dry; should 
contain mature seed.

Nets and mats1

Jute net Cover area Heavy, uniform; woven 
of single jute yarn.

Withstands waterflow.  Best when 
used with organic mulch.

Fiberglass net Cover area Withstands waterflow.  Best when 
used with organic mulch.

Excelsior 
(wood fiber) 
mat

Cover area Withstands waterflow.

Fiberglass roving 0.5-1 tons Continuous fibers of 
drawn glass bound 
together with a non-toxic 
agent.

Apply with a compressed air ejector.  
Tack with emulsified asphalt at a 
rate of 25-35 gal/1,000 sq ft.

Chemical Stabilizers2

Aquatain
Aerospray
Curasol AK
Petroset SB
Terra Tack
Crust 500
Genaqua 743
M-145

follow 
manufacturer’s 
specifications

Not beneficial to plant growth.

1Refer to Practice No. 6.30, Grass Lined Channels.

2Use of trade names does not imply endorsement of product.
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nutrient deficiency in plants.  This can be an inexpensive mulch if chips are 
obtained from trees cleared on the site.

Bark chips and shredded bark are by-products of timber processing often 
used in landscape plantings.  Bark is also a suitable mulch for areas planted 
to grasses and not closely mowed.  It may be applied by hand or with a mulch 
blower.  Unlike wood chips, the use of bark does not require additional 
nitrogen fertilizer.

Wood fiber refers to short cellulose fibers applied as a slurry in hydroseeding 
operations.  Wood fiber does not require tacking, although tacking agents 
or soil binders can easily be added to the slurry.  Wood fiber hydroseeder 
slurries may be used to tack straw mulch on steep slopes, critical areas, and 
where harsh climatic conditions exist.  Wood fiber mulch does not provide 
sufficient erosion protection to be used alone.

There are other organic materials that make excellent mulches, but may only be 
available locally or seasonally, for example: dried sewage sludge, corn stalks, 
animal manure, pine boughs, cotton burs, peanut hulls, and hay.  Creative use 
of these materials can reduce costs.

CHEMICAL MULCHES AND SOIL BINDERS
A wide range of synthetic mulching compounds is available to stabilize and 
protect the soil surface.  These include emulsions or dispersions of vinyl 
compounds, asphalt, or rubber mixed with water.  They may be used alone, or 
may be used to tack wood fiber hydromulches.

When used alone, chemical mulches do not insulate the soil or retain moisture, 
and therefore do little to aid seedling establishment.  They are easily damaged 
by traffic, are usually more expensive than organic mulches, and they 
decompose in 60-90 days.

Check labels on chemical mulches and binders for environmental 
concerns.  Take precautions to avoid damage to fish, wildlife, and water 
resources.

NETS, MATS, AND ROVING
Netting is very effective in holding mulch in place on waterways and slopes 
before grasses become established.

Mats promote seedling growth in the same way as organic mulches.  They are 
very useful in establishing grass in channels and waterways.  A wide variety 
of synthetic and organic materials are available.  “Excelsior” is a wood fiber 
mat, and should not be confused with wood fiber slurry.

When installing nets and mats, it is critical to obtain a firm, continuous contact 
between the material and the soil.  Without such contact, the material is useless, 
and erosion will occur underneath.

Fiberglass roving consists of continuous strands of fiberglass which, when 
blown onto the soil surface from a special compressed air ejector, form a mat 
of glass fibers.  This mat must then be tacked down with asphalt.
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Construction
Specifications

Select a material based on site and practice requirements, availability of 
material, labor, and equipment.  Table 6.14a lists commonly used mulches and 
some alternatives.

Before mulching, complete the required grading, install sediment control 
practices, and prepare the seedbed.  Apply seed before mulching except in the 
following cases:

• Seed is applied as part of a hydroseeder slurry containing wood fiber 
mulch.

• A hydroseeder slurry is applied over straw.

APPLICATION OF ORGANIC MULCH
Organic mulches are effective where they can be tacked securely to the surface.  
Material and specifications are given in Table 6.14a.

Spread mulch uniformly by hand, or with a mulch blower.  When spreading 
straw mulch by hand, divide the area to be mulched into sections of 
approximately 1,000 ft2, and place 70-90 lb of straw ( 1 1/2 to 2 bales) in each 
section to facilitate uniform distribution.  After spreading mulch, no more than 
25% of the ground surface should be visible.  In hydroseeding operations a 
green dye, added to the slurry, assures a uniform application.

ANCHORING ORGANIC MULCH
Straw mulch must be anchored immediately after spreading.  The 
following methods of anchoring mulch may be used:

Mulch anchoring tool—A tractor-drawn implement designed to punch mulch 
into the soil, a mulch anchoring tool provides maximum erosion control with 
straw.  A regular farm disk, weighted and set nearly straight, may substitute, 
but will not do a job comparable to the mulch anchoring tool.  The disk should 
not be sharp enough to cut the straw.  These methods are limited to slopes no 
steeper than 3:1, where equipment can operate safely.  Operate machinery on 
the contour.

Liquid mulch binders—Application of liquid mulch binders and tackifiers 
should be heaviest at the edges of areas and at crests of ridges and banks, 
to resist wind.  Binder should be applied uniformly to the rest of the area.  
Binders may be applied after mulch is spread, or may be sprayed into the 
mulch as it is being blown onto the soil.  Applying straw and binder together 
is the most effective method.  Liquid binders include asphalt and an array of 
commercially available synthetic binders.

Emulsified asphalt is the most commonly used mulch binder.  Any type thin 
enough to be blown from spray equipment is satisfactory.  Asphalt is classified 
according to the time it takes to cure.  Rapid setting (RS or CRS designation) 
is formulated for curing in less than 24 hours, even during periods of high 
humidity; it is best used in spring and fall.  Medium setting (MS or CMS) is 
formulated for curing within 24 to 48 hours, and slow setting (SS or CSS) is 
formulated for use during hot, dry weather, requiring 48 hours or more curing 
time.



Practice Standards and Specifications

Rev. 12/93 6.14.5

Apply asphalt at 0.10 gallons per square yard (10 gal/1,000 ft2).  Heavier 
applications cause straw to “perch” over rills.

In traffic areas, uncured asphalt can be picked up on shoes and cause damage 
to rugs, clothing etc.  Use types RS or CRS to minimize such problems.

Synthetic binders such as Petroset, Terratack, and Aerospray may be used, as 
recommended by the manufacturer, to anchor mulch.  These are expensive, 
and therefore usually used in small areas or in residential areas where asphalt 
may be a problem (Use of trade names does not constitute an endorsement).

Mulch nettings—Lightweight plastic, cotton, jute, wire, or paper nets may be 
stapled over the mulch according to the manufacturer’s recommendations (see 
“Nets and Mats” below).

Peg and twine—Because it is labor-intensive, this method is feasible only in 
small areas where other methods cannot be used.  Drive 8-10 inch wooden 
pegs to within 3 inches of the soil surface, every 4 feet in all directions.  Stakes 
may be driven before or after straw is spread.  Secure mulch by stretching 
twine between pegs in a criss-cross-within-a-square pattern.  Turn twine two 
or more times around each peg.  Twine may be tightened over the mulch by 
driving pegs further into the ground.

Vegetation—Rye (grain) may be used to anchor mulch in fall plantings, and 
German millet in spring.  Broadcast at 15 lb/acre before applying mulch.

CHEMICAL MULCHES
Chemical mulches may be effective for soil stabilization if used between May 
1 and June 15, or Sept. 15 and Oct. 15, provided that they are used on slopes no 
steeper than 4:1, and that proper seedbed preparation has been accomplished, 
including surface roughening where required.

Chemical mulches may be used to bind other mulches, or with wood fiber in a 
hydroseeded slurry at any time.  Follow the manufacturer’s recommendations 
for application.

FIBERGLASS ROVING
Fiberglass roving (“roving”) is wound into a cylindrical package so that it can 
be continuously withdrawn from the center using a compressed air ejector.  
Roving expands into a mat of glass fibers as it contacts the soil surface.  It is 
often used over a straw mulch, but must still be tacked with asphalt.

Spread roving uniformly over the area at a rate of 0.25 to 0.35 lb/yd2.  Anchor 
with asphalt immediately after application, at a rate of 0.25 to 0.35 gal/yd2.

As a channel lining, and at other sites of concentrated flow, the roving mat 
must be further anchored to prevent undermining.  It may be secured with 
stakes placed at intervals no greater than 10 feet along the drainageway, and 
randomly throughout its width, but not more than 10 feet apart.  As an option 
to staking, the roving can be buried to a depth of 5 inches at the upgrade end 
and at intervals of 50 feet along the length of the channel.

NETS AND MATS
Nets alone generally provide little moisture conservation benefits and only



6

6.14.6 Rev. 12/93

limited erosion protection.  Therefore, they are usually used in conjunction 
with an organic mulch such as straw.

Except when wood fiber slurry is used, netting should always be installed over 
the mulch.  Wood fiber may be sprayed on top of an installed net.

Mats, including “excelsior” (wood fiber) blankets, are considered protective 
mulches and may be used alone, on erodible soils, and during all times of the 
year.  Place the matting in firm contact with the soil, and staple securely.

INSTALLATION OF NETTING AND MATTING
Products designed to control erosion should be installed in accordance with 
manufacturer’s instructions.  Any mat or blanket-type product used as a 
protective mulch should provide cover of at least 30% of the surface where it 
is applied.  Installation is illustrated in Figure 6.14a.

1. Apply lime, fertilizer, and seed before laying the net or mat.
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2. Start laying the net from the top of the channel or slope, and unroll it down 
the grade.  Allow netting to lay loosely on the soil or mulch cover but 
without wrinkles—do not stretch.

3. To secure the net, bury the upslope end in a slot or trench no less than 6 
inches deep, cover with soil, and tamp firmly as shown in Figure 6.14a.  Staple 
the net every 12 inches across the top end and every 3 ft around the edges and 
bottom.  Where 2 strips of net are laid side by side, the adjacent edges should 
be overlapped 3 inches and stapled together.  Each strip of netting should also 
be stapled down the center, every 3 ft.  Do not stretch the net when applying 
staples.

4. To join two strips, cut a trench to anchor the end of the new net.  Overlap the 
end of the previous roll 18 inches, as shown in Figure 6.14a, and staple every 
12 inches just below the anchor slot.

Maintenance Inspect all mulches periodically, and after rainstorms to check for rill erosion, 
dislocation or failure.  Where erosion is observed, apply additional mulch.  If 
washout occurs, repair the slope grade, reseed and reinstall mulch.  Continue 
inspections until vegetation is firmly established.

References Surface Stabilization 
6.11, Permanent Seeding

Appendix 
8.02, Vegetation Tables
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Definition A layer of stone designed to protect and stabilize areas subject to erosion.

Purpose To protect the soil surface from erosive forces and/or improve stability of soil 
slopes that are subject to seepage or have poor soil structure.

Conditions Where 
Practice Applies

Riprap is used for the following applications:

• cut-and-fill slopes subject to seepage or weathering, particularly where 
conditions prohibit establishment of vegetation,

• channel side slopes and bottoms,

• inlets and outlets for culverts, bridges, slope drains, grade stabilization 
structures, and storm drains

• streambank and stream grades,

• shorelines subject to wave action.

Planning
Considerations

Riprap is a versatile, highly erosion-resistant material that can be used 
effectively in many locations and in a variety of ways to control erosion on 
construction sites.

GRADED VERSUS UNIFORM RIPRAP
Riprap is classed as either graded or uniform.  Graded riprap includes a wide 
mixture of stone sizes.  Uniform riprap consists of stones nearly all the same 
size.

Graded riprap is preferred to uniform riprap in most applications because it 
forms a dense, flexible cover.  Uniform riprap is more open, and cannot adjust 
as effectively to movement of the stones.  Graded riprap is also cheaper to 
install requiring less hand work for installation than uniform riprap, which 
must be placed in a uniform pattern.  Uniform riprap may give a more pleasing 
appearance.

Riprap sizes are designated by either the mean diameter or the weight of 
the stones.  The diameter specification is often misleading since the stones 
are usually angular.  However, common practice is to specify stone size by 
the diameter of an equivalent size of spherical stone.  Table 6.15a lists some 
typical stones by weight, spherical diameter, and the corresponding rectangular 
dimensions.  These stone sizes are based upon an assumed specific weight of 
165 lb/ft3.

A method commonly used for specifying the range of stone sizes in graded 
riprap is to designate a diameter for which some percentage, by weight, will be 
smaller.  For example, “d85” specifies a mixture of stones in which 85% of the 
stone by weight would be smaller than the diameter specified.  Most designs 
are based on “d50”, or median size stones.

Riprap and gravel are often designated by N.C. Department of Transportation 
specifications (Table 6.15b).

Practice Standards and Specifications
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Table 6.15a
Size or Riprap Stones weight (lb)

mean Spherical
Diameter (ft)

Length
(ft)

Rectangular Shape
width/Height (ft)

50
100
150
300
500

1000
1500
2000
4000
6000
8000

20000

0.8
1.1
1.3
1.6
 1.9 
2.2
2.6
2.8
3.6
4.0
4.5
6.1

1.4
1.8
2.0
2.6
3.0
3.7
4.7
5.4
6.0
6.9
7.6

10.0

0.5
0.6
0.7
0.9
1.0
1.3
1.5
1.8
2.0
2.3
2.5
3.3

source: Va SWCC

When considering riprap for surface stabilization, it is important to anticipate 
visual impacts, including weed control, hazards from snakes and other animals, 
danger of slides and hazards to areas below steep riprap slopes, damage and 
possible slides from children moving stones, and general safety.

Proper slope selection and surface preparation are essential for successful 
long-term functioning of riprap.  Adequate compaction of fill areas and proper 
use of filter blankets are necessary.

Sequence of construction—Schedule disturbance of areas that require 
riprap protection so that the placement of riprap can follow immediately after 
grading.  When riprap is used for outlet protection, place the riprap before or 
in conjunction with the installation of the structure so that it is in place before 
the first runoff event.

Design Criteria Gradation—Riprap should be a well-graded mixture with 50% by weight 
larger than the specified design size.  The diameter of the largest stone size 
in such a mixture should be 1.5 times the d50 size with smaller sizes grading 
down to 1 inch.

The designer should determine the riprap size that will be stable for design 
conditions.  Having determined the design stone size, the designer should 
select the size or sizes that equal or exceed that minimum size based on riprap 
gradations commercially available in the area.

Thickness—Construction techniques, dimensions of the area to be protected, 
size and gradation of the riprap, the frequency and duration of flow, difficulty 
and cost of maintenance, and consequences of failure should be considered 
when determining the thickness of riprap linings.  The minimum thickness 
should be 1.5 times the maximum stone diameter, but in no case less than 6 
inches.

Quality of stone—Stone for riprap may consist of field stone or quarry stone.  
The stone should be hard, angular, of such quality that it will not break down
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Table 6.15b
Sizes for Riprap and Erosion

Control Stone Specified by
the N.C. Department of

Transportation

Riprap Erosion Control
Class

1
Class

2
Class

a
Class

b
5 to 200 lb 25 to 250 lb 2” to 6” 5” to 15”

30%  shall 
weigh a 
minimum of 60 
lbs each

60% shall 
weigh a 
minimum of 100 
lb each

No more than 
10% shall 
weigh less than 
15 lb each

No more than 
5% shall weigh 
less than 50 lb 
each

10% tolerance 
top and bottom 
sizes

Equally 
distributed, 
no gradation 
specified

Equally 
distributed, 
no gradation 
specified

source: North Carolina Aggregates Association

on exposure to water or weathering, and suitable in all other respects for the 
purpose intended.  The specific gravity of the individual stones should be at 
least 2.5.

Size of stone—The sizes of stones used for riprap protection are determined 
by purpose and specific site conditions.

• Slope stabilization—Riprap stone for slope stabilization, not subject to 
flowing water or wave action, should be sized for stability for the proposed 
grade.  The gradient of the slope to be stabilized should be less than the 
natural angle of repose of the stone selected.  Angle of repose of riprap 
stones may be estimated from Figure 6.15a.

Riprap used for surface stabilization of slopes does not add significant 
resistance to sliding or slope failure, and should not be considered a 
retaining wall.  The inherent stability of the soil must be satisfactory 
before riprap is used for surface stabilization.  Slopes approaching 1.5:1 
may require special stability analysis.

• Outlet protection—Design criteria for sizing stone, and determining the 
dimensions of riprap pads at channel or conduit outlets are presented in 
Practice 6.41, Outlet Stabilization Structure.

• Channel stabilization and streambank protection—Design criteria for 
sizing stone for stability of channels are contained in Appendix 8.05.

Filter blanket—A filter blanket is a layer of material placed between the riprap 
and the underlying soil to prevent soil movement into or through the riprap.
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A suitable filter may consist of a well-graded gravel or sand-gravel layer or a 
synthetic filter fabric manufactured for this express purpose.  The design of a 
gravel filter blanket is based on the ratio of particle size in the overlying filter 
material to that of the base material in accordance with the criteria below.  The 
designed gravel filter blanket may consist of several layers of increasingly 
large particles from sand to erosion control stone.

A gravel filter blanket should have the following relationship for a stable 
design:

d15 filter
≤ 5d85 base

5 ≤
d15 filter

≤ 40d15 base

d50 filter
≤ 40d50 base

In these relationships, filter refers to the overlying material, and base refers 
to the underlying material.  These relationships must hold between the filter 
material and the base material (soil foundation), and between the riprap and 
the filter.  More than one layer of filter material may be needed.  Each layer of 
filter material should be at least 6 inches thick.
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A synthetic filter fabric may be used with or in place of gravel filters.  The 
following particle size relationships should exist:

• Filter fabric covering a base with granular particles containing 50% or 
less (by weight) of fine particles (less than U.S. Standard Sieve no. 200 
[0.074mm]):

a. d85 base (mm)
> 1

EOS* filter fabric 
(mm)

b. total open area of filter should not exceed 36%. 

• Filter fabric covering other soils:

a. EOS is no larger than U.S. Standard Sieve no. 70 (0.21mm),

b. total open area of filter should not exceed 10%.

*EOS - Equivalent opening size compared to a U.S. standard sieve size.

No filter fabric should have less than 4% open area, or an EOS less than U.S. 
Standard Sieve No. 100 (0.15mm).  The permeability of the fabric must be 
greater than that of the soil.  The fabric may be made of woven or nonwoven 
monofilament yarns, and should meet the following minimum requirements:

• thickness 20 - 60 mils,

• grab strength 90 - 120 lb, and

• conform to ASTM D-1682 or ASTM D-177.

Filter blankets should always be provided where seepage is significant, 
or where flow velocity and duration of flow or turbulence may cause the 
underlying soil particles to move through the riprap.

Construction
Specifications

Subgrade preparation—Prepare the subgrade for riprap and filter to the 
required lines and grades shown on the plans.  Compact any fill required in 
the subgrade to a density approximating that of the surrounding undisturbed 
material or overfill depressions with riprap.  Remove brush, trees, stumps, 
and other objectionable material.  Cut the subgrade sufficiently deep that the 
finished grade of the riprap will be at the elevation of the surrounding area.  
Channels should be excavated sufficiently to allow placement of the riprap in 
a manner such that the finished inside dimensions and grade of the riprap meet 
design specifications.

Sand and gravel filter blanket—Place the filter blanket immediately after 
the ground foundation is prepared.  For gravel, spread filter stone in a uniform 
layer to the specified depth.  Where more than one layer of filter material is 
used, spread the layers with minimal mixing.

Synthetic filter fabric—Place the cloth filter directly on the prepared 
foundation.  Overlap the edges by at least 12 inches, and space anchor pins 
every 3 ft along the overlap.  Bury the upstream end of the cloth a minimum of 
12 inches below ground and where necessary, bury the lower end of the cloth 
or over lap with the next section as required.  See Figure 6.14a Page 6.14.6.
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Take care not to damage the cloth when placing riprap.  If damage occurs 
remove the riprap, and repair the sheet by adding another layer of filter material 
with a minimum overlap of 12 inches around the damaged area.  If extensive 
damage is suspected, remove and replace the entire sheet.

Where large stones are used or machine placement is difficult, a 4-inch layer 
of fine gravel or sand may be needed to protect the filter cloth.

Stone placement—Placement of riprap should follow immediately after 
placement of the filter.  Place riprap so that it forms a dense, well-graded 
mass of stone with a minimum of voids.  The desired distribution of stones 
throughout the mass may be obtained by selective loading at the quarry, and 
controlled dumping during final placement.  Place riprap to its full thickness 
in one operation.  Do not place riprap by dumping through chutes or other 
methods that cause segregation of stone sizes.  Take care not to dislodge the 
underlying base or filter when placing the stones.

The toe of the riprap slope should be keyed to a stable foundation at its base 
as shown in Figure 6.15b.  The toe should be excavated to a depth about 1.5 
times the design thickness of the riprap, and should extend horizontally from 
the slope.

The finished slope should be free of pockets of small stone or clusters of large 
stones.  Hand placing may be necessary to achieve the proper distribution 
of stone sizes to produce a relatively smooth, uniform surface.  The finished 
grade of the riprap should blend with the surrounding area.  No overfall or 
protrusion of riprap should be apparent.

Maintenance In general, once a riprap installation has been properly designed and installed 
it requires very little maintenance.  Riprap should be inspected periodically for 
scour or dislodged stones.  Control of weed and brush growth may be needed 
in some locations.

References Runoff Conveyance Measures 
6.31, Riprap-lined and Paved Channels
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Outlet Protection 
6.41, Outlet Stabilization Structure

Appendices 
8.05, Design of Stable Channels and Diversions 
8.06, Design of Riprap Outlet Protection
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vEgETaTIvE DUNE STabILIzaTION

Definition Use of adapted vegetation and mechanical means to catch and hold sand, and 
build or repair dunes.

Purpose To maintain a barrier dune system that protects low-lying backshore areas 
during storms of short duration; to stabilize sandy areas disturbed by 
construction activities; and to protect roads, buildings, and valued areas from 
encroachment by blowing sand.  Dunes act as barriers to waves, as energy 
dissipators, and as reservoirs of sand that reduce foreshore recession during 
storms.  Dunes are not effective against persistent, continuous beach recession 
when shoreline changes are occurring.

Conditions Where 
Practice Applies

On coastal foredunes or in areas on barrier islands, away from the foredune 
area, where stabilization of sand is necessary.

Planning
Considerations

There are only a few plant species that are tolerant of the stresses of the beach 
environment.  Plants must be able to survive burial by blowing sand, sand 
blasting, salt spray, saltwater flooding, drought, heat, and low nutrient supply.  
Perennial grasses are the primary stabilizers of frontal dunes.  The North 
Carolina coast is a transition zone between the northern-dominant American 
beachgrass and the southern-dominant sea oats.  Bitter panicum is also an 
important perennial grass on foredunes in North Carolina.

American beachgrass is the most practical vegetation to plant for initial 
coastal dune stabilization.  It is easy to propagate, harvest, store, and transplant; 
it establishes and grows rapidly, trapping sand effectively by the middle of the 
first growing season.  The vigorous rhizome system of American beachgrass 
makes it effective for filling sparse stands.

The main disadvantages of American beachgrass are that it is susceptible to 
heat and drought in North Carolina, and that stands begin to die out when the 
supply of sand and nutrients is cut off.  Consequently, it persists for only a 
few years behind the crest of the frontal dune.  It is also susceptible to disease 
and insect pests.  To overcome these problems, a small amount of sea oats 
and bitter panicum can be included in beachgrass plantings.  Replace dead 
beachgrass patches with sea oats, bitter panicum or seashore elder.

Sea oats is a warm-season dune grass ranging from southeastern Virginia to 
Mexico.  It is vigorous, drought and heat tolerant, and is relatively free of 
pests.  Sea oats is more tolerant of reduced sand and nutrient supply than 
American beachgrass and persists in backdune areas.  The disadvantages of sea 
oats are that it is more difficult to propagate in field nurseries than American 
beachgrass, and commercial availability is limited.  Potted plants can easily 
be grown from seed, but this method of production makes costs higher than 
for American beachgrass.

Bitter panicum—Commercial sources of bitter panicum are also limited.  It 
grows and multiplies well in field nurseries, but it is more difficult to dig, store,

6.16
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and transport than American beachgrass.  There is a wide range of types of 
bitter panicum ranging from slender to large stemmed and from low-growing 
and decumbent to tall and erect.

Specifications Plant selection—American beachgrass is the most practical species for large-
scale dune plantings in North Carolina, due to its commercial availability, low 
cost, ease of transplanting, and quick establishment.  Use cultivars adapted 
to North Carolina such as Hatteras and Bogue.  Cape is a northern strain, not 
recommended for North Carolina because it declines rapidly after the first 
growing season.

Include sea oats and/or bitter panicum (10% is adequate) in dune plantings of 
American beachgrass to fill bare spots created as the beachgrass dies out.

Site preparation—Low areas benefit from installation of wind fences to 
accumulate blowing sand, raising the elevation and decreasing the chance of 
flooding by salt water.  Tillage or liming are not required for planting on beach 
sand.

Planting—Plant small areas and steep slopes by hand.  Place single plants 
into separate holes made with a shovel or dibble bar.  Firm the sand around 
plants.  Complete planting specifications are given in Table 6.16a.

Large, flat sites can be planted more economically using a tractor-drawn 
transplanter with planting shoes extended to make furrows 8-10 inches deep.

Bitter panicum roots at every node on its stem.  Place runners in a trench and 
cover, leaving 6-8 inches sticking out of the sand.

Fertilizer—A good supply of nutrients promotes rapid establishment of 
transplants, increases growth and sand-trapping capacity, and improves 
chances of survival.  Therefore fertilizer is usually required for establishment 
and maintenance, particularly in areas that are heavily used, because dune 
sand is low in plant nutrients.  Periodic maintenance fertilization may also 
be necessary to maintain stands in areas not receiving a fresh sand supply.  
Grasses on the front of foredunes, receiving blowing sand, have adequate 
plant nutrients, and do not respond to fertilization.

Do not apply fertilizer to dune vegetation until it is certain that root growth 
has begun.  If fertilizer is applied before or at planting, there is a risk of losing 
nitrogen to leaching before plant uptake occurs.  During the first growing 
season, apply 15 lb/1,000 ft2 or 10-10-10 fertilizer in April followed by 1.3 
lb of nitrogen in June, and again around the first of September.  Maintenance 
fertilization should be continued through the third growing season (Table 
6.16b).

Maintenance Replant areas lost to erosion.  Fertilize twice during the second growing 
season and once a year thereafter if needed (Table 6.16b).  Replace American 
beachgrass that dies out with sea oats, bitter panicum, or seashore elder.
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Table 6.16a
Planting Specifications for:
Coastal Sands Exposed to 

Salt Spray and/or wind
Erosion

planting mixture
 Species Rate

Hatteras American beachgrass 1 healthy stem/hill

Interplant 5-10% sea oats and/or bitter panicum if possible.

planting dates
American beachgrass: November - March
Sea oats and bitter panicum: March - June

planting depth
American beachgrass and sea oats: 8-10 inches
Bitter panicum: 6 inches

Spacing
To repair or maintain existing dunes plant at a spacing of 1.5 ft x 1.5 ft.  
To build dunes by trapping sand, a graduated spacing pattern should 
be used that allows sand to penetrate to the center of the planting, 
creating a wide, flat dune; spacing should be as follows.

Number
of Rows

Row
Spacing (ft)

4
4
4*
4
4

3
2

1.5
2
3

* - center of dune

fertilization
Refer to Table 6.16b for suggested dates and rates of dune 
fertilization.

mulch
Do not mulch.

maintenance
Do not mow.  Fertilize as needed; fill in dead areas of American 
beachgrass by transplanting sea oats, bitter panicum, or seashore 
elder.
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Table 6.16b
Dune fertilization Schedule
for maintenance (Rates are

pounds per 1,000 Square
feet) 

Date First year Second Year Subsequent 
Years (if needed)

american beachgrass

March 15 --- 10 lbs 10-10-10 10 lbs 10-10-10

April 15 15 lbs 10-10-10 --- ---

June 15 4 lbs ammonium 
nitrate --- ---

Sept. 1 4 lbs ammonium 
nitrate

3 lbs ammonium 
nitrate ---

Sea Oats and bitter panicum

April 15 --- 10 lbs 10-10-10 10 lbs 10-10-10

May 1 15 lbs 10-10-10 --- ---

June 15 4 lbs ammonium 
nitrate --- ---

July 1 --- 3 lbs ammonium 
nitrate ---

August 1 4 lbs ammonium 
nitrate --- ---

Souce: Building and Stabilizing Dunes with Vegatation. UNC Sea 
Grant Publication 82-05, S. W. Broome et al., 1982
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Definition Rolled erosion control products are manufactured or fabricated into rolls 
designed to reduce soil erosion and assist in the growth, establishment 
and protection of vegetation.  Examples of RECP’s are blankets, nets, and 
matting. 

Purpose Erosion control mats and blankets are intended to protect soil and hold seed and 
mulch in place on slopes and in channels so that vegetation can become well 
established.  Turf reinforcement mats can be used to permanently reinforce 
grass in drainage ways during high flows.  Nets are made of high tensile 
material woven into an open net which overlays mulch materials.  Blankets 
are made of interlocking fibers, typically held together by a biodegradable 
or photodegradable netting (for example, excelsior or straw blankets).  They 
generally have lower tensile strength than nets, but cover the ground more 
completely.  Coir (coconut fiber) fabric comes as both nets and blankets.

Conditions Where 
Practice Applies

Rolled Erosion Control Products (RECP’s) should be used to aid permanent 
vegetated stabilization of slopes 2:1 or greater and with more than 10 feet of 
vertical relief.  RECP’s should also be used when mulch cannot be adequately 
tacked and where immediate ground cover is required to prevent erosion 
damage.

RECP’s should be used to aid in permanent stabilization of vegetated channels 
when runoff velocity will exceed 2 ft/sec on bare earth during the 2-year rainfall 
event that produces peak runoff.  The product selected must have a permissible 
shear stress that exceeds the shear stress of the design runoff event.
 

Planning 
Considerations

• Good ground contact is critical to the effectiveness of these products.  If 
good ground contact is not achieved, runoff can concentrate under the 
product, resulting in significant erosion.

• Nets must be used in conjunction with mulch.  Excelsior, woven straw 
blankets and coir (coconut fiber) blankets may be installed without mulch.  
There are many other types of erosion control nets and blankets on the 
market that may be appropriate in certain circumstances.  In general, most 
nets (e.g. jute matting) require mulch in order to prevent erosion because 
they have a fairly open structure.  Blankets typically do not require mulch 
because they usually provide complete protection of the surface.

• Most netting used with blankets is photodegradable, meaning they break 
down under sunlight (not UV stabilized).  However, this process can take 
months or years even under bright sun.  Once vegetation is established, 
sunlight does not reach the mesh.  It is not uncommon to find non-
degraded netting still in place several years after the installation.  This can 
be a problem if maintenance requires the use of mowers or ditch cleaning 
equipment.  In addition, birds and small animals can become trapped in 
the netting.

ROLLED EROSION CONTROL pRODUCTS
6.17
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• Biodegradable blankets are available for use in sensitive areas.  These 

organic blankets are usually held together with a fiber mesh and stitching 
which may last up to a year. 

Design Criteria The following discussion and examples of design are adapted from “Green 
Engineering, Design Principles and Applications Using Rolled Erosion 
Control Products” by  C. Joel Sprague.

Slope Protection : Reducing raindrop and overland flow erosion.  The 
Revised Universal Soil Loss Equation (RUSLE), as shown below, is commonly 
used to estimate erosion due to rainfall and sheet runoff.

A = R * K * LS * C * P

where:

A = soil loss in tons/acre/year
R = rain factor
K = soil erodibility
LS = topographic factor
C = cover factor
P = practice factor

The United States Department of Agriculture’s handbook, “Predicting Soil 
Erosion by Water: A Guide to Conservation Planning with the Revised 
Universal Soil Loss Equation (RUSLE), 1997,” provides agriculture-oriented 
values for all of these variables. Yet, when the equation is used to estimate 
construction-related erosion, the following unique C- and P-factors developed 
specifically for these applications should be used.

The C-Factor—C-factors are equal to the reduction in soil loss when using 
a specific erosion control system when compared to the comparable bare soil 
(control) condition. The designer will require C-factors representing various 
conditions from unvegetated to fully vegetated, including vegetation, which 
has been mulched or, alternatively, protected by an RECP, in order to determine 
an appropriate factor to be used to represent the design condition. (See Table 
6.17a for a range of C-factors.)

6.17.2 Rev. 6/06
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Table 6.17a                         C-factor for various Slope Treatments

Treatment Dry Mulch Rate C-Factor for Growing Period*
kg/m3 Slope % <6 Weeks 1.5-6 Months 6-12 Months Annualized**

No mulching or seeding — all 1.00 1.00 1.00 1.00
Seeded grass none all 0.70 0.10 0.05 0.15

0.22 <10 0.20 0.07 0.03 0.07
0.34 <10 0.12 0.05 0.02 0.05
0.45 <10 0.06 0.05 0.02 0.04
0.45 11 - 15 0.07 0.05 0.02 0.04
0.45 16 - 20 0.11 0.05 0.02 0.04
0.45 21 - 25 0.14 0.05 0.02 0.05
0.45 26 - 33 0.17 0.05 0.02 0.05
0.45 34 - 50 0.20 0.05 0.02 0.05

Second-year grass — all 0.01 0.01 0.01 0.01
Organic and Synthetic Blankets — all 0.07 0.01 0.005 0.02
Composite Mats — all 0.07 0.01 0.005 0.02
Synthetic Mats — all 0.14 0.02 0.005 0.03
Fully Vegetated Mats — all 0.005 0.005 0.005 0.005
 * Approximate time periods for humid climates: Conversion: kg/m3 x 4.45 = tons/acre. 
 ** Annualized C-Factor = (<6 weeks value x 6/52) + (1.5-6 months value x 20/52) + (6-12 months value x 
26/52).

Table 6.17b                  permissible Shear Stress, tp, of various RECp’s

Category Product Type
Max. Permis-

sible Shear Stress 
(lb/ft2)

Slopes*
Up To

Degradable RECP’s (Unvegetated) Nets and Mulch 0.1 - 0.2 20:1
Coir Mesh 0.4 - 3.0 3:1

Blanket - Single Net 1.55 - 2.0 2:1
Blanket - Double Net 1.65 - 3.0 1:1

Nondegradable RECP’s Unvegetated TRM** 2 - 4 1:1
Partially Vegetated TRM 4 - 6 >1:1

Fully Vegetated 5 - 10 >1:1
 * Steeper slope limits may apply.  For further information, contact the manufacturer.  
** Turf Reinforcement Mat.

Rev. 6/06 6.17.3
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The p-Factor—when examining erosion by itself, is commonly taken as 1.0, 
since this assumes that no special “practices” (i.e. terracing, contouring, etc.) 
will be used. Yet, the use of silt fences or other storm water management/
sediment control practices may be integrated into the RUSLE using a P-factor 
that is less than 1.0, which reflects the effectiveness of the sediment control 
practice in removing sediment from runoff.

Sample Problem 
6.17a

A steep slope is to be protected from erosion using RECP. The 3H:1V 
slope is 100 feet long and comprised of silty loam. The RUSLE will 
be used to evaluate the effectiveness of RECP in limiting annual soil 
loss. Following are the inputs to the RUSLE equation from the U.S. 
Department of Agriculture:

R = 250
K = 0.33
LS = 6.2
P = 1.0 (assuming no sediment control)

From Table 6.17a:
Cunprotected = 1.00
Cprotected, year 1 = 0.03
Cprotected, year 2+ = 0.005
Aunprotected = 250 x 0.33 x 6.2 x 1.0 x 1.0 = 511 tons/acre/year
Aprotected, year 1 = 250 x 0.33 x 6.2 x 0.03 x 1.0 = 15 tons/acre/year
Aprotected, year 2+ = 250 x 0.33 x 6.2 x 0.005 x 1.0 = 3 tons/acre/year

This example shows that vegetation, protected by an RECP, is 97 
percent effective in reducing erosion in the first year and 99.5 percent 
effective in the longer-term.

Table 6.17b aids in selecting an appropriate type of RECP for the 
project-specific slope.

Drainage Channels Concepts—Permissible shear design is commonly used 
to determine if a channel liner is stable. This method requires the input of an 
appropriate expected flow rate (discharge) as well as the determination of flow 
depth.  A broader presentation of channel design is located in Appendix 8.05, 
Design of Stable Channels and Diversions.

The design flow rate will be based on local storm frequency design standards 
and flow depth is calculated - commonly using Manning’s equation. With 
these inputs the designer can then perform a permissible shear design, which 
compares the permissible shear of the prospective liner materials to the 
expected flow-induced shear as calculated using the equation below.

tc = Y D S

where:

Y = unit weight of water (62.4lb/ft3) 
d = depth of flow (ft)
S = channel slope (ft/ft)

6.17.4 Rev. 6/06
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If the permissible shear stress, tp, is greater than the computed shear, tc, 
the lining is considered acceptable. Values for permissible shear stress, tp, 
for linings are based on research conducted at laboratory facilities and in the 
field. Typical values are given in Table 6.17b. The permissible shear stress, 
tp, indicates the force per unit area resulting from flowing water required to 
create instability of the lining material and/or adjacent soil.

Manning’s Equation and Roughness Coefficient, n—The condition of 
uniform, steady flow in a channel at a known discharge is computed using 
the Manning’s Equation below. Numerous computer programs are available 
to facilitate the use of this equation since a trial-and-error solution relating 
channel width, B, and depth, d, is required.

Q = (1.49/n) (A) (R)2/3 (S)1/2

Manning’s equation for determining velocity:

V = (1.49/n) (R)2/3 (S)1/2

where:

Q = discharge (cfs)
V = average velocity in cross section (ft/s)
n = Manning’s roughness coefficient
A = cross-sectional area (ft2)
R = hydraulic radius = A/P (ft)
P = wetted perimeter (ft)
S = energy gradient (commonly taken as equivalent to the channel bed 

slope, ft/ft)

The appropriate Manning’s “n” to use when designing with RECP’s 
depends on whether one is designing for bare soil retention and vegetation 
establishment (short-term) or for fully grassed conditions (long term), or both. 
The “n” values for RECP’s can vary significantly with material type and flow 
depth, but they typically range from 0.02 to 0.04 and are usually provided by 
the manufacturer.

In lieu of product-specific information, the following values can be used as 
approximations.

nunvegetated = 0.02
nvegetated = refer to Table 6.17c and Figure 6.17a
nlined = refer to Table 8.05e

Table 6.17c    grass Retardance Categories
Average Grass Length Retardance

>24 in. A
10 in. to 24 in. B
6 in. to 10 in. C
2 in. to 6 in. d

Less than 2 in. E

Rev. 6/06 6.17.5
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figure 6.17a Hydraulic roughness of 
grass

figure 6.17b Limiting values for bare 
and TRM protected soils

figure 6.17c Limiting values for plain 
and TRM reinforced grass

6.17.6 Rev. 6/06
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Sample Problem 
6.17b

Determine if an RECP-lined drainage channel will be stable for a long-
term peak flow (10-year design storm) of 70 cfs down a 20:1 slope 
(S=0.05) with a 4 foot bottom width and 1:1 side slopes. The duration of 
flow is 50 hours for long-term and one hour for short-term design. The 
grass cover is expected to be in retardance group D. Short-term stability 
can be checked using the two-year design storm, which produces a 
short-term peak flow of 45 cfs.

Long-term design = vegetated channel stability

• Use Qpeak = Q10-year = 70 cfs 
• From Figure 6.17c: Limiting shear = 6 lb/ft2

• Assume nvegetated = 0.05

Solve for the depth of flow using iterations of Manning’s equation.  An 
Excel spreadsheet located on the internet at http://www.dlr.enr.state.
nc.us/pages/sedimenttecassist.html or commercially available channel 
software is recommended.

For trapezoidal channels: 

(bd + zd2)
         (bd + zd2)        2/3      

    b + 2d (z2 + 1)1/2
=

   Qn

1.49S1/2

From trial-and-error, d = 1.7ft 

Determine area of flow A, from A = (bd + zd2)
= 9.8ft2

Since slope < 1:10, calculate VR using:
Vestimate = 7.1ft/s; 
  VR= (7.1ft/s) (1.11) = 7.88ft/s

From Figure 6.17a: Use n = 0.032.  Recalculate d = 1.34ft
A = 7.14ft2

Check shear stress tC = YDS
= (62.4) (1.34) (0.05)
= 4.18 lb/ft2

4.18 < 6 lb/ft2, therefore acceptable 
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Sample Problem 
6.17b con’t.

Short-term design = bare soil channel stability

• Use Qpeak = Q2-year = 45 cfs
• From Figure 6.17b: Limiting shear = 4.5 lb/ft2

• For mat on bare soil, n = 0.03

Determine depth of flow via trail-and-error using Manning’s Equation:

For trapezoidal channels: (bd + zd2)

(bd + zd2)
         (bd + zd2)        2/3      

    b + 2d (z2 + 1) 1/2 =
     Qn

  1.49S1/2

From trial-and-error, d = 1.0ft

Check shear stress t = YDS
= (62.4) (1.0) (0.05)
= 3.12 lb/ft2

3.12 < 4.5 lb/ft2, therefore acceptable

Construction 
Specifications

Construction 
Even if properly designed, if not properly installed, RECP’s will probably 
not function as desired. Proper installation is imperative.  Even if properly 
installed, if not properly timed and nourished, vegetation will probably not 
grow as desired.  Proper seed/vegetation selection is also imperative.

Grade the surface of installation areas so that the ground is smooth and loose.  
When seeding prior to installation, follow the steps for seed bed preparation, 
soil amendments, and seeding in Surface Stabilization, 6.1.  All gullies, rills, 
and any other disturbed areas must be fine graded prior to installation.  Spread 
seed before RECP installation. (Important: Remove all large rocks, dirt clods, 
stumps, roots, grass clumps, trash, and other obstructions from the soil surface 
to allow for direct contact between the soil surface and the RECP.)

Terminal anchor trenches are required at RECP ends and intermittent trenches 
must be constructed across channels at 25-foot intervals. Terminal anchor 
trenches should be a minimum of 12 inches in depth and 6 inches in width, 
while intermittent trenches need be only 6 inches deep and 6 inches wide.

Installation for Slopes— Place the RECP 2-3 feet over the top of the slope 
and into an excavated end trench measuring approximately 12 inches deep 
by 6 inches wide.  Pin the RECP at 1 foot intervals along the bottom of the 
trench, backfill, and compact.  Unroll the RECP down (or along) the slope 
maintaining direct contact between the soil and the RECP.  Overlap adjacent 
rolls a minimum of 3 inches. Pin the RECP to the ground using staples or 
pins in a 3 foot center-to-center pattern.  Less frequent stapling/pinning is 
acceptable on moderate slopes.

6.17.8 Rev. 6/06



Practice Standards and Specifications

Installation in Channels— Excavate terminal trenches (12 inches deep and 6 
inches wide) across the channel at the upper and lower end of the lined channel 
sections.  At 25-foot intervals along the channel, anchor the RECP across the 
channel either in 6 inch by 6 inch trenches or by installing two closely spaced 
rows of anchors.  Excavate longitudinal trenches 6 inches deep and wide along 
channel edges (above water line) in which to bury the outside RECP edges.  
Place the first RECP at the downstream end of the channel.  Place the end of 
the first RECP in the terminal trench and pin it at 1 foot intervals along the 
bottom of the trench.  

Note: The RECP should be placed upside down in the trench with the roll on 
the downstream side of the bench.

Once pinned and backfilled, the RECP is deployed by wrapping over the 
top of the trench and unrolling upstream.  If the channel is wider than the 
provided rolls, place ends of adjacent rolls in the terminal trench, overlapping 
the adjacent rolls a minimum of 3 inches. Pin at 1 foot intervals, backfill, and 
compact.  Unroll the RECP in the upstream direction until reaching the first 
intermittent trench.  Fold the RECP back over itself, positioning the roll on 
the downstream side of the trench, and allowing the mat to conform to the 
trench.

Then pin the RECP (two layers) to the bottom of the trench, backfill, and 
compact.  Continue up the channel (wrapping over the top of the intermittent 
trench) repeating this step at other intermittent trenches, until reaching the 
upper terminal trench.

At the upper terminal trench, allow the RECP to conform to the trench, 
secure with pins or staples, backfill, compact and then bring the mat back 
over the top of the trench and onto the existing mat (2 to 3 feet overlap in the 
downstream direction), and pin at 1 foot intervals across the RECP.  When 
starting installation of a new roll, begin in a trench or shingle-lap ends of rolls 
a minimum of 1 foot with upstream RECP on top to prevent uplifting.  Place 
the outside edges of the RECP(s) in longitudinal trenches, pin, backfill, and 
compact.

Anchoring Devices—11 gauge, at least 6 inches length by 1 inch width staples 
or 12 inch minimum length wooden stakes are recommended for anchoring the 
RECP to the ground.

Drive staples or pins so that the top of the staple or pin is flush with the ground 
surface.  Anchor each RECP every 3 feet along its center.  Longitudinal 
overlaps must be sufficient to accommodate a row of anchors and uniform 
along the entire length of overlap and anchored every 3 feet along the overlap 
length.  Roll ends may be spliced by overlapping 1 foot (in the direction of 
water flow), with the upstream/upslope mat placed on top of the downstream/
downslope RECP.  This overlap should be anchored at 1 foot spacing across 
the RECP.  When installing multiple width mats heat seamed in the factory, all 
factory seams and field overlaps should be similarly anchored.

Rev. 6/06 6.17.9
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figure 6.17d  Temporary Channel Liners; Washington State Department of Ecology

6.17.10 Rev. 6/06

Overlap 6” min.

NOTES: 
1. Design velocities exceeding 2 ft/sec require temporary blankets, mats or similar liners to protect 
seed and soil until vegetation becomes established. 
2. Grass-lined channels with design velocities exceeding 6 ft/sec should include turf reinforcement 
mats

Fl
ow

Prepare soil and apply seed before 
installing blankets, mats or other 
temporary channel liner system

Shingle-lap spliced ends or begin new 
roll in an intermittent check slot

Longitudinal anchor trenchIntermittent check slot

6”

Typical installation 
with erosion control 

blankets or turf 
reinforcement mats

Overcut channel 2” to allow bulking 
during seedbed preparation

Longitudinal 
anchor trench

Excavate channel to design 
grade and cross-section

Design depth

6”

6”



Practice Standards and Specifications

figure 6.17e  Channel Installation and Slope Installation; Washington State Ecology Department

Rev. 6/06 6.17.11

6”

Longitudinal anchor 
trench 12”

Terminal slope and 
channel anchor trench

Stake at 3’-5’ 
intervals

Channel 

bottom

Check slot at 25’ 
intervals

Initial channel 
anchor trench

Intermittent 
check slot

NOTE: 
1. Check slots to be constructed per manufacturers specifications. 
2. Staking or stapling layout per manufacturers specifications.

Lime, fertilize, and seed before installation. Planting 
of shrubs, trees, etc. should occur after installation. 

Bring material down to a level area, 
turn the end under 4” and staple at 12” 

intervals.

Staple overlaps 
max. 5” spacing.

Min. 6” overlap.

Anchor in 6”x6” min. Trench 
and staple at 12” intervals.

If there is a berm at the top of 
slope, anchor upslope of the berm.

For slopes less than 3H:1V, rolls 
may be placed in horizontal strips.

Do not stretch blankets/matting tight-allow 
the rolls to conform to any irregularities.

Min. 2” 
overlapStapling pattern as 

per manufacturers 
recommendations.

Slope surface shall be smooth before 
placement for proper soil contact.
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Maintenance 1. Inspect Rolled Erosion Control Products at least weekly and after each 

significant (1/2 inch or greater) rain fall event repair immediately. 

2. Good contact with the ground must be maintained, and erosion must not 
occur beneath the RECP.

3. Any areas of the RECP that are damaged or not in close contact with the 
ground shall be repaired and stapled.

4. If erosion occurs due to poorly controlled drainage, the problem shall be 
fixed and the eroded area protected.

5. Monitor and repair the RECP as necessary until ground cover os 
established.  

References Sprague, C. Joel. TRI/ Environmental, Inc. “Green Engineering, Design 
principles and applications using rolled erosion control products”

Storm Water Management Manual for Western Washington, Washington State 
Department of Ecology, Water Quality Program
http://www.ecy.wa.gov/programs/wq/stormwater/index.html

Erosion Control Technology Council, http://www.ectc.org
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Practice Standards and Specifications

Definition A temporary ridge or excavated channel or combination ridge and channel 
constructed across sloping land on a predetermined grade.

Purpose To protect work areas from upslope runoff, and to divert sediment-laden water 
to appropriate traps or stable outlets.

Conditions Where 
Practice Applies

This practice applies to construction areas where runoff can be diverted and 
disposed of properly to control erosion, sedimentation, or flood damage.  
Specific locations and conditions include:

• above disturbed existing slopes, and above cut or fill slopes to prevent 
runoff over the slope;

• across unprotected slopes, as slope breaks, to reduce slope length;

• below slopes to divert excess runoff to stabilized outlets;

• where needed to divert sediment-laden water to sediment traps;

• at or near the perimeter of the construction area to keep sediment from 
leaving the site; and

• above disturbed areas before stabilization to prevent erosion, and maintain 
acceptable working conditions.

• Temporary diversions may also serve as sediment traps when the site has 
been overexcavated on a flat grade; they may also be used in conjunction 
with a sediment fence.

Planning
Considerations

It is important that diversions are properly designed, constructed and 
maintained since they concentrate water flow and increase erosion potential 
(Figure 6.20a).  Particular care must be taken in planning diversion grades.  
Too much slope can result in erosive velocity in the diversion channel or at the 
outlet.  A change of slope from steeper grade to flatter may cause deposition to 
occur.  The deposition reduces carrying capacity, and may cause overtopping 
and failure.  Frequent inspection and timely maintenance are essential to the 
proper functioning of diversions.

Sufficient area must be available to construct and properly maintain diversions.  
It is usually less costly to excavate a channel and form a ridge or dike on the

6.20
TEmpORaRy DIvERSIONS

 6.20.1
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6.20.2

downhill side with the spoil than to build diversions by other methods.  Where 
space is limited, it may be necessary to build the ridge by hauling in diking 
material, or using a silt fence to divert the flow.  Use gravel to form the 
diversion dike when vehicles must cross frequently (Figure 6.20b).

Plan temporary diversions to function 1 year or more, or they may be 
constructed anew at the end of each day’s grading operation to protect new fill.  
Diversions that are to serve longer than 30 working days should be seeded and 
mulched as soon as they are constructed to preserve dike height and reduce 
maintenance.

Where design velocities exceed 2 ft/sec, a channel liner is usually necessary to 
prevent erosion (Table 8.05a, Appendix 8.05).

Temporary diversions may serve as in-place sediment traps if overexcavated 1 
to 2 feet and placed on a nearly flat grade.  The dike serves to divert water as 
the stage increases.  A combination silt fence and channel in which fill from 
the channel is used to stabilize the fence can trap sediment and divert runoff 
simultaneously.

Wherever feasible, build and stabilize diversions and outlets before initiating 
other land-disturbing activities.

Design Criteria Drainage area—5 acres or less.

Capacity—peak runoff from 10-year storm.

Velocity—See Table 8.05a, Permissible Velocities for Erosion Protection, 
Appendix 8.05.

Ridge design— side slope: 2:1 or flatter
  3:1 or flatter at points where cross
 top width: 2 ft minimum
 freeboard: 0.3 ft minimum
 settlement: 10% of total fill height minimum



Practice Standards and Specifications

 6.20.3

Channel design— shape: parabolic, trapezoidal, or V-shaped
 side slope: 2:1 or flatter
  3:1 or flatter where vehicles cross

Grades— Either a uniform or a gradually increasing grade is preferred.  
Sudden decreases in grade accumulate sediment and should be expected to 
cause overtopping.  A large increase in grade may erode.

Outlet—Design the outlet to accept flow from the diversion plus any other 
contributing areas.  Divert sediment-laden runoff and release through a 
sediment-trapping device (Practice 6.60, Temporary Sediment Trap and 
Practice 6.61, Sediment Basin).  Flow from undisturbed areas can be dispersed 
by a level spreader (Practice 6.40, Level Spreader).

Small diversions—Where the diversion channel grade is between 0.2 and 
3%, a permanent vegetative cover is required.  A parabolic channel and ridge 
1.5 feet deep and 12 feet wide may be used for diversions with flows up to 5 
cfs.  This depth does not include freeboard or settlement.  Side slopes should 
be 3:1 or flatter, and the top of the dike must be at least 2 feet wide.

Construction
Specifications

1. Remove and properly dispose of all trees, brush, stumps, and other 
objectionable material.

2. Ensure that the minimum constructed cross section meets all design 
requirements.

3. Ensure that the top of the dike is not lower at any point than the design 
elevation plus the specified settlement.

4. Provide sufficient room around diversions to permit machine regrading and 
cleanout.

5. Vegetate the ridge immediately after construction, unless it will remain in 
place less than 30 working days.

Maintenance Inspect temporary diversions once a week and after every rainfall.  Immediately 
remove sediment from the flow area and repair the diversion ridge.  Carefully 
check outlets and make timely repairs as needed.  When the area protected is 
permanently stabilized, remove the ridge and the channel to blend with the 
natural ground level and appropriately stabilize it.

References Surface Stabilization 
6.10, Temporary Seeding 
6.11, Permanent Seeding 
6.14, Mulching

Outlet Protection 
6.40, Level Spreader 
6.41, Outlet Stabilization Structure
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6.20.4

Sediment Traps and Barriers 
6.60, Temporary Sediment Trap 
6.61, Sediment Basin

Appendices 
8.03, Estimating Runoff 
8.05, Design of Stable Channels and Diversions



Practice Standards and Specifications

Definition A permanent ridge or channel or a combination ridge and channel constructed 
on a designed grade across sloping land.

Purpose To divert water from areas where it is in excess to locations where it can be 
used or released without erosion or flood damage.

Conditions Where 
Practice Applies

This permanent site development practice applies to construction areas where 
runoff can be diverted and used or disposed of safely to prevent flood damage 
or erosion and sedimentation damage.  Specific locations and conditions 
include:

• above steep slopes to limit surface runoff onto the slope;

• across long slopes to reduce slope length to prevent gully erosion;

• below steep grades where flooding, seepage problems, or sediment 
deposition may occur;

• around buildings or areas that are subject to damage from runoff.

Planning
Considerations

Permanent diversions should be planned as a part of initial site development.  
They are principally runoff control measures that subdivide the site into 
specific drainage areas (Figure 6.21a).  Permanent diversions can be installed as 
temporary diversions until the site is stabilized then completed as a permanent 
measure, or they can be installed in final form during the initial construction 
operation (Practice 6.20, Temporary Diversions).  The amount of sediment 
anticipated and the maintenance required as a result of construction operations 
will determine which approach should be used.  Stabilize permanent diversions 
with vegetation or materials such as riprap, paving stone, or concrete as 
soon as possible after installation.  Base the location, type of stabilization, 
and diversion configuration on final site conditions.  Evaluate function, 
need, velocity control, outlet stability, and site aesthetics.  When properly 
located, land forms such as landscape islands, swales or ridges can be used 
effectively as permanent diversions.  Base the capacity of a diversion on the 
runoff characteristics of the site and the potential damage after development.  
Consider designing an emergency overflow section or bypass area to limit 
damage from storms that exceed the design storm.  The overflow section may 
be designed as a weir with riprap protection.

6.21
pERmaNENT DIvERSIONS

 6.21.1
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Design Criteria Location—Determine diversion locations by topography, development 
layout, soil conditions, outlet conditions, length of slope, seepage 
planes, and need for water and sediment storage.

Capacity—Ensure that permanent diversions have sufficient capacity 
to carry the peak runoff expected from a storm frequency consistent 
with the hazard involved, as shown in Table 6.21a.

Velocity—See Table 8.05a, Appendix 8.05.

Ridge design— side slope: 2:1 or flatter
  3:1 or flatter when maintained by
  mowing
 top width: 2 feet minimum
 freeboard: 0.5 feet minimum
 settlement: 10% of total fill height minimum

Channel design— material: to meet velocity requirements and 
  site aesthetics
 shape: to fit site conditions
 side slope: 2:1 or flatter
  3:1 or flatter when maintained by
  mowing

Grades—Either a uniform or a gradually increasing grade is 
preferred.

Outlet—Design the outlet stable enough to accept flow from the 
diversions plus any other contributing runoff.  Divert sediment-laden 
runoff and release it through a sediment-trapping device (Practice 6.60, 
Temporary Sediment Trap, or Practice 6.61, Sediment Basin).

Stabilization—Unless the area is otherwise stabilized, provide 
vegetative stabilization after installation of the diversion.  Seed and 
mulch disturbed areas draining into the diversion within 21 calender 
days of completing any phase of grading.

Table 6.21a 
minimum Design Storm for Degrees of Hazard

Level of protection area to be protected minimum Design Storm
Low All erosion control facilities.

Open areas, parking lots, minor recreation 
areas.

10 year

Medium Recreation development, low-capacity roads 
and minor structures.

25 year, 24 hour
50 year, 24 hour

High Major structures, homes, main school 
buildings, high-capacity roads.

100 year, 24 hour
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Construction Specifications 1. Remove and properly dispose of all trees, brush, stumps, or other 
objectionable material.  Fill and compact all ditches, swales, or gullies 
that will be crossed to natural ground level or above.

2. Just before placement of fill, the base of the ridge should be disked 
by machinery.

3. Excavate, shape, and stabilize the diversion to line, grade, and cross 
section, as required in the design plan (Figure 6.21b).

4. Compact the ridge to prevent unequal settlement, and to provide 
stability against seepage.

5. Vegetatively stabilize the diversion after its installation.

Maintenance Inspect permanent diversions after every rainfall during the construction 
operation.  Immediately remove any obstructions from the flow area, 
and repair the diversion ridge.  Check outlets, and make timely repairs 
as needed.  Maintain the vegetation in a vigorous, healthy condition at 
all times.

References Surface Stabilization 
6.10, Temporary Seeding 
6.11, Permanent Seeding 
6.14, Mulching

Runoff Control Measures 
6.20, Temporary Diversions

Outlet Protection 
6.40, Level Spreader 
6.41, Outlet Stabilization Structure

Sediment Traps and Barriers 
6.60, Temporary Sediment Trap 
6.61, Sediment Basin

Appendices 
8.03, Estimating Runoff 
8.05, Design of Stable Channels and Diversions
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Definition A dike or dike and channel constructed along the perimeter of a disturbed 
construction area.

Purpose To prevent storm runoff from entering the work area, or to prevent sediment-
laden runoff from leaving the construction site.

Conditions Where 
Practice Applies

Diversion dikes may be located at the upslope side of a construction site to 
prevent surface runoff from entering the disturbed area or at the downslope 
side of the work area to divert sediment-laden runoff to on-site sediment traps 
or basins.  Diversion dikes do not usually encircle the entire area.

The upslope dike can improve working conditions at the construction site and 
prevent erosion.  The downslope dike assures that sediment-laden runoff will 
not leave the site without treatment.

Planning
Considerations

A diversion dike is a special application of a temporary or permanent 
diversion.  It differs from other diversions in that the location and grade are 
usually fixed, and the cross section and stabilization requirements are based on 
the existing grade of the work boundary.  Hence, the design cross section may 
vary significantly throughout the length.  Give special care to avoid erosive 
velocities in steep areas.  Identify areas where sedimentation will occur since 
they are often subject to overtopping.

Immediately vegetate diversion dikes after construction, but make sure channel 
flow area is stabilized during construction.  Exercise caution in diverting flow 
to be certain that the diverted water is released through a stable outlet and 
that the flow will not cause flood damage.  Diversion dikes may be either 
temporary or permanent depending on site conditions (Figure 6.22a).

6.22
DIvERSION DIkE (perimeter protection)

 6.22.1



6

6.22.2

Design Criteria Drainage area—5 acres or less.

Capacity—consistent with the hazard involved and design life and with a 10 
year peak runoff minimum.

Velocity—See Table 8.05a, Appendix 8.05.

Dike design— side slope: 2:1 or flatter
  3:1 or flatter where vehicles must cross
 width: 2.0 feet minimum top width
 height: 1.5 feet minimum
 freeboard: 0.5 feet minimum
 settlement: 10% of total fill height minimum

Channel design— shape: parabolic, trapezoidal, or V-shaped
 side slope: 2:1 or flatter
  3:1 or flatter where vehicles must cross
 stabilization: based on velocity by reaches

Grade—Dependent on site topography.  Channel should have positive grade.

Outlet—Divert sediment-laden water into a temporary sediment trap or 
sediment basin.  Runoff from undisturbed areas should empty into an outlet 
protection device such as a level spreader or riprap outlet structure unless well 
stabilized natural outlets exist.

Construction
Specifications

1. Remove and properly dispose of all trees, brush, stumps, and other 
objectionable material.  Fill and compact, to natural ground level or above, all 
ditches and gullies that will be crossed by machinery.

2. Disk the base of the dike before placing fill.

3. Ensure that the constructed cross section meets all design requirements.

4. Compact the dike by tracking with construction equipment.

5. Ensure that the top of the dike is not lower at any point than the design 
elevation plus the specified settlement after it has been compacted.

6. Leave sufficient area along the dike to permit machine re-grading and 
cleanout.

7. Immediately seed and mulch the dike after its construction, and stabilize the 
flow portion in accordance with design requirements.

Maintenance Inspect diversion dikes once a week and after every rainfall.  Immediately 
remove sediment from the flow area and repair the dike.

Check outlets, and make timely repairs as needed to avoid gully formation.  
When the area above the temporary diversion dike is permanently stabilized, 
remove the dike, and fill and stabilize the channel to blend with the natural 
surface.
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References Surface Stabilization 
6.10, Temporary Seeding 
6.11, Permanent Seeding 
6.14, Mulching

Outlet Protection 
6.40, Level Spreader 
6.41, Outlet Stabilization Structure

Sediment Traps and Barriers 
6.60, Temporary Sediment Trap 
6.61, Sediment Basin

Appendix 
8.05, Design of Stable Channels and Diversions
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Definition A ridge or ridge and channel constructed diagonally across a sloping road or 
utility right-of-way that is subject to erosion.

Purpose To limit the accumulation of erosive volumes of water by diverting surface 
runoff at predesigned intervals.

Conditions Where 
Practice Applies

Where runoff protection is needed to prevent erosion on sloping access rights-
of-way or other long, narrow sloping areas generally less than 100 feet in 
width.

Planning
Considerations

Construction of access roads, power lines, pipelines, and other similar 
installations often requires clearing long narrow rights-of-way over sloping 
terrain (Figure 6.23a).  Disturbance and compaction promotes gully formation 
in these cleared strips by increasing the volume and velocity of runoff.  
Gully formation may be especially severe in tire tracks and ruts.  To prevent 
gullying, runoff can often be diverted across the width of the right-of-way 
to undisturbed areas by using small predesigned diversions.  Give special 
consideration to each individual outlet area, as well as to the cumulative effect 
of added diversions.  Use gravel to stabilize the diversion where significant 
vehicular traffic is anticipated.

Design Criteria Height—18-inch minimum measured from the channel bottom to the ridge 
top.

Side slope—2:1 or flatter

3:1 or flatter where vehicles cross

Base width of ridge—6 feet minimum (Figure 6.23b).

Spacing of water bars is shown in Table 6.23a:

Table 6.23a
Spacing of water bars on

Right-of-way Less than 
100 ft wide

Slope (%)
<5

5 to 10
10 to 20
20 to 35

>35

Spacing (ft)
125
100
75
50
25

Grade and angle—A crossing angle should be selected to provide a positive 
grade not to exceed 2%

Outlet—Diversions should have stable outlets, either natural or constructed.  
Site spacing may need to be adjusted for field conditions to use the most 
suitable areas for water disposal.

Construction
Specifications

1. Install the diversion as soon as the right-of-way has been cleared and 
graded.

2. Disk the base for the constructed ridge before placing fill.

6.23
RIgHT-Of-way DIvERSIONS (water bars) WB 
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3. Track the ridge to compact it to the design cross section.

4. Locate the outlet on an undisturbed area.  Adjust field spacing of the 
diversion to use the most stable outlet areas.  When natural areas are not 
deemed satisfactory, provide outlet protection (Practices 6.40, Level Spreader, 
and 6.41, Outlet Stabilization Structure).

5. Immediately seed and mulch the portions of the diversions not subject to 
construction traffic.  Stabilize with gravel areas to be crossed by vehicles.



Practice Standards and Specifications

 6.23.3

Maintenance Periodically inspect right-of-way diversions for wear and after every heavy 
rainfall for erosion damage.  Immediately remove sediment from the flow 
area, and repair the dike.  Check outlet areas, and make timely repairs as 
needed.  When permanent road drainage is established and the area above 
the temporary right-of-way diversions is permanently stabilized, remove the 
dike, and fill the channel to blend with the natural ground, and appropriately 
stabilize the disturbed area.

References Outlet Protection 
6.40, Level Spreader 
6.41, Outlet Stabilization Structure

Appendix 
8.03, Estimating Runoff 
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Practice Standards and Specifications

Definition A channel with vegetative lining constructed to design cross section and grade 
for conveyance of runoff.

Purpose To convey and dispose of concentrated surface runoff without damage from 
erosion, deposition, or flooding.

Conditions Where 
Practice Applies

This practice applies to construction sites where:

• concentrated runoff will cause damage from erosion or flooding;

• a vegetative lining can provide sufficient stability for the channel cross 
section and grade;

• slopes are generally less than 5%; and

• space is available for a relatively large cross section.

Typical uses include roadside ditches, channels at property boundaries, outlets 
for diversions, and other channels and drainage of low areas.

Planning
Considerations

LOCATION
Generally, channels should be located to conform with and use the natural 
drainage system.  Channels may also be needed along development boundaries, 
roadways, and backlot lines.  Avoid channels crossing watershed boundaries 
or ridges.

Plan the course of the channel to avoid sharp changes in direction or grade.  
Site development should conform to natural features of the land and use 
natural drainageways rather than drastically reshape the land surface.  Major 
reconfiguration of the drainage system often entails increased maintenance 
and risk of failure.

Grass-lined channels must not be subject to sedimentation from disturbed 
areas.

An established grass-lined channel resembles natural drainage systems 
and, therefore, is usually preferred if design velocities are below 5 ft/sec.  
Velocities up to 6 ft/sec can be safely used under certain conditions (Table 
8.05a, Appendix 8.05).

Establishment of a dense, resistant vegetation is essential.  Construct and 
vegetate grass-lined channels early in the construction schedule before grading 
and paving increase the rate of runoff.

Geotextile fabrics or special mulch protection such as fiberglass roving or 
straw and netting provide stability until the vegetation is fully established.  
These protective liners must be used whenever design velocities exceed 2 ft/
sec for bare soil conditions.  It may also be necessary to divert water from 
the channel until vegetation is established, or to line the channel with sod.  
Sediment traps may be needed at channel inlets and outlets.

6.30
gRaSS-LINED CHaNNELS

 6.30.1
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V-shaped grass channels generally apply where the quantity of water is 
small, such as in short reaches along roadsides.  The V-shaped cross section 
is least desirable because it is difficult to stabilize the bottom where velocities 
may be high.

Parabolic grass channels are often used where larger flows are expected 
and space is available.  The swale-like shape is pleasing and may best fit site 
conditions.

Trapezoidal grass channels are used where runoff volumes are large and 
slope is low so that velocities are nonerosive to vegetated linings.

Subsurface drainage, or riprap channel bottoms, may be necessary on sites 
that are subject to prolonged wet conditions due to long duration flows or high 
water tables (Practice 6.81, Subsurface Drain and Practice 6.31, Riprap-lined 
and Paved Channels).

OUTLETS
Outlets must be stable.  Where channel improvement ends, the exit velocity for 
the design flow must be nonerosive for the existing field conditions.  Stability 
conditions beyond the property boundary should always be considered 
(Practice 6.41, Outlet Stabilization Structure).

AREA
Where urban drainage area exceeds 10 acres, it is recommended that grass-
lined channels be designed by an engineer experienced in channel design.

Design Criteria Capacity—At a minimum, grass-lined channels should carry peak runoff 
from the 10-year storm without eroding.  Where flood hazard exists, increase 
the capacity according to the potential damage.  Channel dimensions may be 
determined by using design tables with appropriate retardance factors or by 
Manning’s formula using an appropriate “n” value.  When retardance factors 
are used, the capacity is usually based on retardance “C” and stability on 
retardance “D” (References: Appendix, 8.05).

Velocity—The allowable design velocity for grass-lined channels is based on 
soil conditions, type of vegetation, and method of establishment (Table 8.05a, 
Appendix 8.05).

If design velocity of a channel to be vegetated by seeding exceeds 2 ft/sec, a 
temporary channel liner is required.  The design of the liner may be based on 
peak flow from a 2-year storm.  If vegetation is established by sodding, the 
permissible velocity for established vegetation shown in Table 8.05a may be 
used and no temporary liner is needed.  Whether a temporary lining is required 
or not permanent channel linings must be stable for the 10-year storm.  A design 
approach based on erosion resistance of various liner materials developed by 
the Federal Highway Administration is presented in Appendix 8.05.

Cross section—The channel shape may be parabolic, trapezoidal, or V-shaped, 
depending on need and site conditions (Figure 6.30a).
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Hydraulic grade line—Examine the design water surface if the channel 
system becomes complex.

Side slopes—Grassed channel side slopes generally are constructed 3:1 or 
flatter to aid in the establishment of vegetation and for maintenance.  Side 
slopes of V-shaped channels are usually constructed 6:1 or flatter along 
roadways for safety.

Depth and width—The channel depth and width are proportioned to meet 
the needs of drainage, soil conditions, erosion control, carrying capacity, and 
site conditions.  Construct channels a minimum of 0.2 foot larger around 
the periphery to allow for soil bulking during seedbed preparations and sod 
buildup.

Grade—Either a uniform or gradually increasing grade is preferred to avoid 
sedimentation.  Where the grade is excessive, grade stabilization structures 
may be required or channel linings of riprap or paving should be considered 
(Practice 6.82, Grade Stabilization Structure).
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Drainage—Install subsurface drains in locations with high water tables 
or seepage problems that would inhibit establishment of vegetation in the 
channel.  Stone channel bottom lining may be needed where prolonged low 
flow is anticipated.

Outlets—Evaluate the outlets of all channels for carrying capacity and 
stability, and protect them from erosion by limiting the exit velocity (Practice 
6.41, Outlet Stabilization Structure).

Sedimentation protection—Protect permanent grass channels from sediment 
produced in the watershed, especially during the construction period.  This can 
be accomplished by the effective use of diversions, sediment traps, protected 
side inlets, and vegetative filter strips along the channel.

Construction
Specifications

1. Remove all trees, brush, stumps, and other objectionable material from the 
foundation area, and dispose of properly.

2. Excavate the channel, and shape it to neat lines and dimensions shown on 
the plans plus a 0.2-foot overcut around the channel perimeter to allow for 
bulking during seedbed preparations and sod buildup.

3. Remove and properly dispose of all excess soil so that surface water may 
enter the channel freely.

4. The procedure used to establish grass in the channel will depend upon the 
severity of the conditions and selection of species.  Protect the channel with 
mulch or a temporary liner sufficient to withstand anticipated velocities during 
the establishment period (Appendix 8.05).

Maintenance During the establishment period, check grass-lined channels after every rainfall.  
After grass is established, periodically check the channel; check it after every 
heavy rainfall event.  Immediately make repairs.  It is particularly important to 
check the channel outlet and all road crossings for bank stability and evidence 
of piping or scour holes.  Remove all significant sediment accumulations to 
maintain the designed carrying capacity.  Keep the grass in a healthy, vigorous 
condition at all times, since it is the primary erosion protection for the channel 
(Practice 6.11, Permanent Seeding).

References Surface Stabilization 
6.11, Permanent Seeding 
6.12, Sodding 
6.14, Mulching

Outlet Protection 
6.41, Outlet Stabilization Structure

Other Related Practices 
6.81, Subsurface Drain 
6.82, Grade Stabilization Structure  
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Appendices 
8.02, Vegetation Tables 
8.03, Estimating Runoff 
8.05, Design of Stable Channels and Diversions
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Practice Standards and Specifications

Definition Channels with erosion-resistant linings of riprap, paving, or other structural 
material designed for the conveyance and safe disposal of excess water.

Purpose To convey concentrated surface runoff without erosion.

Conditions Where 
Practice Applies

This practice applies where design flow velocity exceeds 2 ft/sec so that a 
channel lining is required, but conditions are unsuitable for grass-lined 
channels.  Specific conditions include:

• Channels where slopes over 5% predominate; continuous or prolonged 
flows occur; potential for damage from traffic (people or vehicles) exists; 
or soils are erodible, and soil properties are not suitable for vegetative 
protection.

• Design velocity exceeds that allowable for a grass-lined channel.

• Property value justifies the cost to contain the design runoff in a limited 
space.

• Channel setting warrants the use of special paving materials.

Planning
Considerations

Riprap or paving materials are generally employed as channel liners when 
design flow velocities exceed the tolerance of grass or where grass lining is 
inappropriate (Practice 6.30, Grass-lined Channels).

Flexible liners are preferred to rigid liners, and riprap is the flexible liner of 
choice.  Riprap is preferred primarily on the basis of cost, but it has several 
additional advantages such as:

• Riprap liners can be designed to withstand most flow velocities by 
choosing stable stone size.

• Riprap adjusts to unstable foundation conditions without failure.

• Failure of a riprap liner is not as expensive to repair as a rigid liner would 
be.

• The roughness of riprap reduces outlet velocity, and tends to reduce flow 
volume by allowing infiltration.

Rigid liners such as concrete or flagstone can carry large volumes of water 
without eroding.  However, they are more expensive to design and construct, 
are less forgiving of foundation conditions, and introduce high energies that 
must be controlled and dissipated to avoid damage to channel outlets and 
receiving streams.

Channels combining grassed side slopes and riprap or paved bottoms may be 
used where velocities are within allowable limits for grass lining along the 
channel sides, but long-duration flows, seepage, or a high velocity flow would 
damage vegetation in the channel bottom.

6.31
RIpRap aND pavED CHaNNELS

 6.31.1
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Paving blocks and gabions have some of the same characteristics as riprap, 
and are often used instead of riprap to fit certain site conditions.

Channels with smooth liners, such as concrete or flagstone, usually are not 
limited by velocity, take up less land area, and can be constructed to fit limited 
site conditions.  In addition, they provide a more formal appearance and 
usually require less maintenance.  Exercise care to see that foundation soils 
are stable, and proper foundation drainage is installed.  Appropriate measures 
are needed to reduce the exit velocity of the paved channel to protect the 
receiving channel or outlet.

Where urban drainage area exceeds 10 acres it is recommended that riprap and 
paved channels be designed by an engineer experienced in channel design.

Design Criteria Capacity—Design channels to contain the peak runoff from the 10-year storm 
as a minimum.  Where flood damage potential is high, expand the capacity to 
the extent of the value or hazard involved.

Velocity—Compute velocity using Manning’s equation with an appropriate 
n value for the selected lining.  Values for Manning’s n are shown in Table 
6.31a.

Table 6.31a
guide for Selecting manning

n values

Lining material n
Concrete:

Trowel finish
Float finish
Gunite

Flagstone

Paving blocks

Riprap

Gabion

0.012-0.014
0.013-0.017
0.016-0.022
0.020-0.025

0.025

Determine from Table 8.05f

0.025-0.030

Channel gradient—When the Froude Number is between 0.7 and 1.3,  channel 
flows may become unstable and the designer should consider modifying the 
channel slope.  Reaches designed for supercritical flow should be straight 
unless special design procedures are used.

FR =
Q2B
gA3

where:
FR = Froude Number, dimensionless
Q = Discharge, ft3/sec
B = Water surface width, ft
g = 32.2 ft/sec2

A = Cross-sectional area, ft2

Cross section—The cross section may be triangular, parabolic, or trapezoidal.  
Reinforced concrete or gabions may be rectangular (Figure 6.31a).
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Side slope—Base side slopes on the materials and placement methods in 
Table 6.31b.

Hydraulic grade line—Ensure that the design water surface in the channel 
meets the design flow elevations of tributary channels and diversions.  Ensure 
that it is below safe flood elevations for homes, roads, or other improvements.
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Table 6.31b
guide for Selecting Channel

Side Slopes

maximum
Slope

Nonreinforced Concrete
Formed Concrete

Height of lining 1.5 ft or less vertical
Screeded concrete or flagstone mortared in place

Height of lining less than 2 ft 1:1
Height of lining more than 2 ft 2:1

Slip form concrete
Height of lining less than 3 ft 1:1

Riprap and Paving Blocks 2:1

Depth and width—Proportion the channel depth and width to meet the 
needs of drainage, carrying capacity, foundation limitations, and specific site 
conditions.

Lining thickness—Minimum lining thickness should be as shown in Table 
6.31c.

Filter layer—A sand/gravel filter layer should be used under the channel 
lining to prevent piping and reduce uplift pressure (Appendix 8.05).

Riprap—For the design of riprap channels see Appendix 8.05.

Concrete—Concrete for linings should be a dense, durable product sufficiently 
plastic for thorough consolidation, but stiff enough to stay in place on side 
slopes.  As a minimum, use a mix certified as 3,000 lb/inch2.

Cutoff—Cutoff walls are needed at the beginning and end of paved or 
riprapped channel sections to protect against undercutting.  Expansion joints 
and additional cutoff walls may also be needed.

Outlets—Evaluate the capacity and stability of all channel outlets and protect 
them from erosion by limiting exit velocity (Practices 6.40, Level Spreader 
and 6.41, Outlet Stabilization Structure).

Table 6.31c
Channel Lining Thickness

material minimum Thickness

Concrete 4 inches

Rock riprap 1.5 times maximum stone 
diameter

Flagstone 4 inches including mortar

Construction
Specifications

1. Clear the foundation area of trees, stumps, roots, loose rock, and other 
objectionable material.

2. Excavate the cross section to the lines and grades of the foundation of the 
liner as shown on the plans.  Bring over-excavated areas to grade by increasing 
the thickness of the liner or by backfilling with moist soil compacted to the 
density of the surrounding material.
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3. Concrete linings:

• Place concrete linings to the thickness shown on the plans and finish them 
in a workmanlike manner.

• Take adequate precautions to protect freshly placed concrete from extreme 
temperatures to ensure proper curing.

• Ensure that subgrade is moist when concrete is poured.

• Install foundation drains or weep holes where needed to protect against 
uplift and piping.

• Provide  transverse (contraction) joints to control cracking at approximately 
20-feet intervals.  These joints may be formed by using a 1/2-inch thick 
removable template or by sawing to a depth of at least 1 inch.

• Install expansion joints at intervals not to exceed 100 feet.

4. Rock riprap linings: Practice 6.15, Riprap.

5. Place filters, beddings, and foundation drains to line and grade in the 
manner specified.  Place filter and bedding materials immediately after slope 
preparation.  For synthetic filter fabrics, overlap the downstream edge by at 
least 12 inches with the upstream edge which is buried a minimum 12 inches 
in a trench.  See figure 6.14a, page 6.14.6.  Space anchor pins every 3 feet 
along the overlap.  Spread granular materials in a uniform layer.  When more 
than one gradation is required, spread the layers so there is minimal mixing.  
Filter material should consist of at least 3 inches of material on all sides of 
the drain pipe.  The drain pipe conduit should be a minimum of 4 inches in 
diameter.  Acceptable materials include perforated, continuous, closed-joint 
conduits of clay, concrete, metal, plastic, or other suitable material (Practice 
6.81, Subsurface Drain).

6. Perform all channel construction to keep erosion and water pollution 
to a minimum.  Immediately upon completion of the channel, vegetate all 
disturbed areas or otherwise protect them against soil erosion.  Where channel 
construction will take longer than 30 days, stabilize channels by reaches.

Maintenance Inspect channels at regular intervals as well as after major rains, and make 
repairs promptly.  Give special attention to the outlet and inlet sections and 
other points where concentrated flow enters.  Carefully check stability at road 
crossings, and look for indications of piping, scour holes, or bank failures.  
Make repairs immediately.  Maintain all vegetation adjacent to the channel in 
a healthy, vigorous condition to protect the area from erosion and scour during 
out-of-bank flow.

References Surface Stabilization 
6.11, Permanent Seeding 
6.15, Riprap

Runoff Conveyance Measures 
6.30, Grass-lined Channels
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Outlet Protection 
6.41, Outlet Stabilization Structure

Other Related Practices 
6.81, Subsurface Drain

Appendices 
8.03, Estimating Runoff 
8.05, Design of Stable Channels and Diversions
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Definition A flexible tubing or conduit extending temporarily from the top to the bottom 
of a cut or fill slope.

Purpose To convey concentrated runoff down the face of a cut or fill slope without 
causing erosion.

Conditions Where 
Practice Applies

This practice applies to construction areas where stormwater runoff above a 
cut or fill slope will cause erosion if allowed to flow over the slope.  Temporary 
slope drains are generally used in conjunction with diversions to convey runoff 
down a slope until permanent water disposal measures can be installed.

Planning
Considerations

There is often a significant lag between the time a cut or fill slope is graded 
and the time it is permanently stabilized.  During this period, the slope is very 
vulnerable to erosion, and temporary slope drains together with temporary 
diversions can provide valuable protection (Practice 6.20, Temporary 
Diversions).

It is very important that these temporary structures be sized, installed, and 
maintained properly because their failure will usually result in severe erosion 
of the slope.  The entrance section to the drain should be well entrenched 
and stable so that surface water can enter freely.  The drain should extend 
downslope beyond the toe of the slope to a stable area or appropriately 
stabilized outlet.

Other points of concern are failure from overtopping from inadequate pipe 
inlet capacity and lack of maintenance of diversion channel capacity and ridge 
height.

Design Criteria Capacity—Peak runoff from the 10-year storm.

Pipe size—Unless they are individually designed, size drains according to 
Table 6.32a.

Table 6.32a
Size of Slope Drain

 maximum Drainage 
area per pipe (acres)

pipe Diameter 
(inches)

0.50
0.75
1.00

>1.00*

12
15
18

as designed

*Inlet design becomes more complex beyond this size.

Conduit—Construct the slope drain from heavy-duty, flexible materials such 
as nonperforated, corrugated plastic pipe or specially designed flexible tubing 
(Figure 6.32a).  Install reinforced, hold-down grommets or stakes to anchor 
the conduit at intervals not to exceed 10 ft with the outlet end securely fastened 
in place.  The conduit must extend beyond the toe of the slope.

6.32
TEmpORaRy SLOpE DRaINS

 6.32.1
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Entrance—Construct the entrance to the slope drain of a standard flared-end 
section of pipe with a minimum 6-inch metal toe plate (Figure 6.32a).  Make 
all fittings watertight.  A standard T-section fitting may also be used at the 
inlet.

Temporary diversion—Generally, use an earthen diversion with a dike ridge 
to direct surface runoff into the temporary slope drain.  Make the height of the 
ridge over the drain conduit a minimum of 1.5 feet and at least 6 inches higher 
than the adjoining ridge on either side.  The lowest point of the diversion ridge 
should be a minimum of 1 foot above the top of the drain so that design flow 
can freely enter the pipe.

Outlet protection—Protect the outlet of the slope drain from erosion (Practice 
6.41, Outlet Stabilization Structure).

Construction
Specifications

A common failure of slope drains is caused by water saturating the soil and 
seeping along the pipe.  This creates voids from consolidation and piping and 
causes washouts.  Proper backfilling around and under the pipe “haunches” 
with stable soil material and hand compacting in 6-inch lifts to achieve firm 
contact between the pipe and the soil at all points will eliminate this type of 
failure.

1. Place slope drains on undisturbed soil or well compacted fill at locations 
and elevations shown on the plan.
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2. Slightly slope the section of pipe under the dike toward its outlet.

3. Hand tamp the soil under and around the entrance section in lifts not to 
exceed 6 inches.

4. Ensure that fill over the drain at the top of the slope has minimum dimensions 
of 1.5 feet depth, 4 feet top width, and 3:1 side slopes.

5. Ensure that all slope drain connections are watertight.

6. Ensure that all fill material is well-compacted.  Securely fasten the exposed 
section of the drain with grommets or stakes spaced no more than 10 feet 
apart.

7. Extend the drain beyond the toe of the slope, and adequately protect the 
outlet from erosion.

8. Make the settled, compacted dike ridge no less than 1 feet above the top of 
the pipe at every point.

9. Immediately stabilize all disturbed areas following construction.

Maintenance Inspect the slope drain and supporting diversion after every rainfall, and 
promptly make necessary repairs.  When the protected area has been 
permanently stabilized, temporary measures may be removed, materials 
disposed of properly, and all disturbed areas stabilized appropriately.

References Runoff Control Measures 
6.20, Temporary Diversions

Outlet Protection 
6.41, Outlet Stabilization Structure
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Definition A small concrete-lined channel to convey water on a relatively steep slope.

Purpose To conduct concentrated runoff safely down the face of a cut or fill slope 
without causing erosion.

Conditions Where 
Practice Applies

Where concentrated storm runoff must be conveyed from the top to the bottom 
of a cut or fill slope as part of a permanent erosion control system.  Paved 
flumes serve as stable outlets for diversions, drainage channels, or natural 
drainageways that are located above relatively steep slopes.  Restrict paved 
flumes to slopes of 1.5:1 or flatter.

Planning
Considerations

Conveying storm runoff safely down steep slopes is an important consideration 
when planning permanent erosion control measures for a site (Figure 6.33a).  
Paved flumes are often selected for this purpose, but other measures such as 
grassed waterways, riprap channels, and closed storm drains should also be 
considered.  Evaluate the flow volume, velocity and duration of flow, degree 
of slope, soil and site conditions, visual impacts, construction costs, and 
maintenance requirements to decide which measure to use.

When planning paved flumes, give special attention to flow entrance conditions, 
soil stability, outlet energy dissipation, downstream stability, and freeboard or 
bypass capacity.  Setting the flume well into the ground is especially important, 
particularly on fill slopes.

Paved chutes often have the upper portion of their side slopes grassed.  This 
saves on materials and improves appearance.  The paved portion carries the 
design flow, and the grassed area provides freeboard.

Design Criteria Capacity—Consider peak runoff from the 10-year storm as a minimum.  
Provide sufficient freeboard or bypass capacity to safeguard the installation 
from any peak flow expected during the life of the structure.

Slope—Ensure that the slope of a chute does not exceed 1.5:1 (67%).

Cutoff walls (curtain walls)—Provide cutoff walls at the beginning and end 
of paved flumes.  Make the cutoff wall as wide as the flume, extend it at least 
18 inches into the soil below the channel, and keep it a minimum thickness of 
6 inches.  Reinforce cutoff walls with 3/8-inch reinforcing steel bars placed 
on 6-inch centers.

Anchor lugs—Space anchor lugs a maximum of 10 feet on the center for the 
length of the flume.  Make anchor lugs as wide as the bottom of the flume, 
extend them at least 1 foot into the soil below, and keep them a minimum 
thickness of 6 inches.  Reinforce anchor lugs with 3/8-inch steel reinforcing 
bars placed on 6-inch centers.

6.33
pavED fLUmE (Chutes)
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Concrete—Keep concrete in the flume channel at least 5 inches thick and 
reinforce it with 3/8-inch steel bars.  Ensure that the concrete used for flumes 
is a dense, durable product and sufficiently plastic for thorough consolidation 
but stiff enough to stay in place on steep slopes.  As a minimum, use a mix 
certified as 3,000 lb/inch2.

Cross section—Ensure that flumes have a minimum depth of 1 foot with 1.5:1 
side slopes.  Base bottom widths on maximum flow capacity.

Alignment—Keep chute channels straight because they often carry 
supercritical flow velocities.

Drainage filters—Use a drainage filter to prevent piping and reduce uplift 
pressure wherever seepage or high water table may occur (Appendix 8.05).

Inlet section—Ensure that the inlet to the chute has the following minimum 
dimensions: side walls 2 feet high, length 6 feet, width equal to the flume 
channel bottom, and side slope same as flume channel side slopes.

Outlet section—Protect outlets for paved flumes from erosion.  Use an energy 
dissipator to reduce high chute velocities to nonerosive rates.  In addition, 
place riprap at the end of the dissipator to spread the flow evenly over the 
receiving area.  Other measures, such as an impact basin, plunge pool, or rock 
riprap outlet structure, may also be needed (Practice 6.41, Outlet Stabilization 
Structure).
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Table 6.33a
flume Dimensions

Drainage1

area (acres)
min. bottom

width (ft)
min. Inlet
Depth (ft)

min. Channel
Depth (ft)

max. Channel
Slope (ft)

max. Side
Slope (ft)

5
10

4
8

2
2

1.3
1.3

1.5:1
1.5:1

1.5:1
1.5:1

1Due to complexity of inlet and outlet design, drainage areas have been limited to 10 acres per flume.

SMALL FLUMES
Where drainage areas are 10 acres or less, the design dimensions for concrete 
flumes may be selected from Table 6.33a.

Construction 
Specifications

1. Construct the subgrade to the elevations shown on the plans.  Remove all 
unsuitable material and replace them with stable materials.  Compact the 
subgrade thoroughly and shape it to a smooth, uniform surface.  Keep the 
subgrade moist at the time concrete is poured.  On fill slopes, ensure that the 
soil adjacent to the chute for at least 3 feet is well-compacted.

2. Place concrete for the flume to the thickness shown on the plans and finish it 
in a workman-like manner.

3. Form, reinforce, and pour together cutoff walls, anchor lugs, and channel 
linings.

4. Take adequate precautions to protect freshly poured concrete from extreme 
temperatures to ensure proper curing.

5. Provide transverse (contraction) joints to control cracking at approximately 
20-feet intervals.  Joints may be formed by using a 1/8-inch thick removable 
template or by sawing to a depth of at least 1 inch.

6. In very long flumes, install expansion joints at intervals not to exceed 50 
feet.

7. Place filters and foundation drains, when required, in the manner specified, 
and protect them from contamination when pouring the concrete flume.

8. Properly stabilize all disturbed areas immediately after construction.

Maintenance Inspect flumes after each rainfall until all areas adjoining the flume are 
permanently stabilized.  Repair all damage noted in inspections immediately.  
After the slopes are stabilized, flumes need only periodic inspection, and 
inspection after major storm events.

References Surface Stabilization 
6.11, Permanent Seeding
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Runoff Conveyance Measures 
6.30, Grass-lined Channels 
6.31, Riprap-lined and Paved Channels

Outlet Protection 
6.40, Level Spreader 
6.41, Outlet Stabilization Structure

Other Related Practices 
6.81, Subsurface Drain

Appendices 
8.03, Estimating Runoff 
8.05, Design of Stable Channels and Diversions
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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

6.40
LEvEL SpREaDER
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6.40.2

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 erosion-
resistant 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 well-
vegetated 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.



Practice Standards and Specifications

 6.40.3

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 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.

References 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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Practice Standards and Specifications

6.41
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 Capacity—10-year, peak runoff or the design discharge of the water 
conveyance structure, whichever is greater.

Rev. 6/06 6.41.1



6
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/sedimenttecassist.html. 

figure 6.41a Typical plunge pool 
design showing variable dimensions. 

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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Practice Standards and Specifications

Rev. 6/06 6.41.3

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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Practice Standards and Specifications

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 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.

References 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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Practice Standards and Specifications

Definition An excavated area in the approach to a storm drain drop inlet or curb inlet.

Purpose To trap sediment at the approach to the storm drainage systems.  This practice 
allows use of permanent stormwater conveyance at an early stage of site 
development.

Conditions Where 
Practice Applies

Where storm drain drop inlets are to be made operational before permanent 
stabilization of the disturbed drainage area.  This method of inlet protection is 
applicable where relatively heavy flows are expected, and overflow capability 
is needed (Figure 6.50a).  Frequent maintenance is required and temporary 
flooding in the excavated area will occur.  This practice can be  used in 
combination with other temporary inlet protection devices such as Practice 
6.51, Hardware Cloth, and Gravel Inlet Protection and Practice 6.52, Block 
and Gravel Inlet Protection.

6.50
ExCavaTED DROp INLET pROTECTION (Temporary)

 6.50.1
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6.50.2

Design Criteria Limit the drainage area to 1 acre.  Keep the minimum depth at 1 foot and the 
maximum depth of 2 feet as measured from the crest of the inlet structure.

Maintain side slopes around the excavation no steeper than 2:1

Keep the minimum volume of excavated area around the drop inlet at 
approximately 1800 ft3/acre disturbed.

Shape the basin to fit site conditions, with the longest dimension oriented 
toward the longest inflow area to provide maximum trap efficiency.

Install provisions for draining the temporary pool to improve trapping 
efficiency for small storms and to avoid problems from standing water after 
heavy rains.

Construction
Specifications

1. Clear the area of all debris that might hinder excavation and disposal of 
spoil.

2. Grade the approach to the inlet uniformly.

3. Protect weep holes by gravel.

4. When the contributing drainage area has been permanently stabilized, seal 
weep holes, fill the basin with stable soil to final grading elevations, compact 
it properly, and stabilize.

Maintenance Inspect, clean, and properly maintain the excavated basin after every storm 
until the contributing drainage area has been permanently stabilized.  To 
provide satisfactory basin efficiency, remove sediment when the volume of 
the basin has been reduced by one-half.  Spread all excavated material evenly 
over the surrounding land area or stockpile and stabilize it appropriately.

References Inlet Protection 
6.51, Hardware, Cloth, and Gravel Inlet Protection 
6.52, Block and Gravel Inlet Protection (Temporary)



Practice Standards and Specifications

Definition A temporary measure of wire-mesh hardware cloth around steel posts 
supporting washed stone placed around the opening of a drop inlet.

Purpose To prevent sediment from entering yard inlets, grated storm drains or drop 
inlets during construction.  This practice allows early use of the storm drain 
system.

Conditions Where 
Practice Applies

To be placed around a catch basin or a drop inlet and where the flow is light to 
moderate.  If heavy flow is anticipated, use the rock doughnut inlet protection 
method (Practice 6.54, Rock Doughnut Inlet Protection).  It is also used where 
storm drain inlets are to be made operational before permanent stabilization 
of the disturbed drainage area.  This method of inlet protection is effective 
where the inlet is expected to drain shallow sheet flow.  The immediate land 
area around the inlet should be relatively flat (less than 1 percent) and located 
so that accumulated sediment can be easily removed.

This practice must not be used near the edge of fill material and must not 
divert water over cut or fill slopes.

Design Criteria Ensure that drainage areas do not exceed 1 acre per inlet.

For securing the wire mesh hardware cloth barriers, use steel T posts.  The posts 
need to be 1.25 lb/linear ft steel with a minimum length of 5 feet. Make sure 
the posts have projections to facilitate fastening the hardware cloth.  Securely 
drive each stake into the ground to a minimum depth of 2 feet. The maximum 
spacing for the posts is 4 feet. 

The wire mesh should be at least a 19-gauge hardware cloth with a ¼ inch 
mesh opening.  The total height should be a minimum of 2 feet.  Providing a 
flap of hardware cloth on the ground projecting away from the inlet can aid in 
removal of the stone at the project’s completion.  The sediment control stone, 
with a height of 16 inches, should have a outside slope of 2:1. 

The top elevation of the structure must be at least 12 inches lower than the 
ground elevation downslope from the inlet.  It is important that all storm 
flows pass over the structure into the storm drain and not bypass the structure.  
Temporary dikes below the structure may be necessary to prevent bypass flow.  
Soil excavated when constructing the sediment pool may be used for this 
purpose (Figure 6.51a). 

6.51 HaRDwaRE CLOTH & gRavEL INLET pROTECTION

Rev. 6/06 6.51.1
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Construction
Specifications

1. Uniformly grade a shallow depression approaching the inlet.

2. Drive 5-foot steel posts 2 feet into the ground surrounding the inlet.  
Space posts evenly around the perimeter of the inlet, a maximum of 4 feet 
apart.

3. Surround the posts with wire mesh hardware cloth.  Secure the wire 
mesh to the steel posts at the top, middle, and bottom.  Placing a 2-foot flap 
of the wire mesh under the gravel for anchoring is recommended.

4. Place clean gravel (NC DOT #5 or #57 stone) on a 2:1 slope with a 
height of 16 inches around the wire, and smooth to an even grade.  

5. Once the contributing drainage area has been stabilized, remove 
accumulated sediment, and establish final grading elevations.
6. Compact the area properly and stabilized it with groundcover. 

Maintenance Inspect inlets at least weekly and after each significant (½ inch or greater) 
rainfall event.  Clear the mesh wire of any debris or other objects to provide 
adequate flow for subsequent rains.  Take care not to damage or undercut the 
wire mesh during sediment removal.  Replace stone as needed.  

References Inlet Protection
6.52, Block and Gravel Inlet Protection
6.54, Rock Doughnut Inlet Protection

North Carolina Department of Transportation
Standard Specifications for Roads and Structures

6.51.2 Rev. 6/06

NCDOT #5 or #57 
washed stone

2:1
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16”
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(¼ mesh openings)

NCDOT #5 or #57 
washed stone

figure 6.51a  Hardware cloth and gravel inlet protection



Practice Standards and Specifications

 6.52.1

Definition A sediment control barrier formed around a storm drain inlet by the use of 
standard concrete block and gravel.

Purpose To help prevent sediment from entering storm drains before stabilizing the 
contributing watershed.  This practice allows early use of the storm drain 
system.

Conditions Where 
Practice Applies

Where storm drain inlets are to be made operational before permanent 
stabilization of the disturbed drainage area.  This method of inlet protection 
applies to both drop inlets and curb inlets where heavy flows are expected, 
and an overflow capacity is necessary to prevent excessive ponding around 
the structure.  Shallow temporary flooding after rainfall should be expected, 
however.

This practice must not be used near the edge of fill material, and must not 
divert water away from the storm drain.

Design Criteria Keep the drainage area no greater than 1 acre unless site conditions allow for 
frequent removal and adequate disposal of accumulated sediment.

Keep the height of the barrier at least 12 inches and no greater than 24 inches.  
Do not use mortar.  Limit the height to prevent excess ponding and bypass 
flow.

Recess the first course of blocks at least 2 inches below the crest opening of 
the storm drain for lateral support.  Support subsequent courses laterally if 
needed by placing a 2 x 4-inch wood stud through the block openings that are 
perpendicular to the block course needing support.  Lay some blocks on their 
side in the bottom row for dewatering the pool (Figure 6.52a).

Place gravel just below the top of the blocks on slopes of 2:1 or flatter.  Place 
hardware cloth or comparable wire mesh with 1/2-inch openings over all block 
openings to hold gravel in place.

The top elevation of the structure must be at least 6 inches lower than the 
ground elevation downslope from the inlet.  It is important that all storm flows 
pass over the structure and into the storm drain and not past the structure.  
Temporary diking below the structure may be necessary to prevent bypass flow.  
Material may be excavated from inside the sediment pool for this purpose.

6.52
bLOCk aND gRavEL INLET pROTECTION (Temporary)
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6.52.2

Construction
Specifications

1. Lay one block on each side of the structure on its side in the bottom row 
to allow pool drainage.  The foundation should be excavated at least 2 inches 
below the crest of the storm drain.  Place the bottom row of blocks against 
the edge of the storm drain for lateral support and to avoid washouts when 
overflow occurs.  If needed, give lateral support to subsequent rows by placing 
2 x 4 wood studs through block openings.

2. Carefully fit hardware cloth or comparable wire mesh with ½-inch openings 
over all block openings to hold gravel in place.

3. Use clean gravel, ¾- to ½-inch in diameter, placed 2 inches below the top 
of the block on a 2:1 slope or flatter and smooth it to an even grade.  DOT #57 
washed stone is recommended.



Practice Standards and Specifications

Rev. 6/06 6.52.3

4. If only stone and gravel are used, keep the slope toward the inlet no steeper 
than 3:1.  Leave a minimum 1-foot wide level stone area between the structure 
and around the inlet to prevent gravel from entering inlet.  On the slope toward 
the inlet, use stone 3 inches in diameter or larger.  On the slope away from 
the inlet use ½ - ¾-inch gravel (NCDOT #57 washed stone) at a minimum 
thickness of 1 foot.

Maintenance Inspect the barrier at least weekly and after each significant (½ inch or greater) 
rainfall and make repairs as needed.

Remove sediment as necessary to provide adequate storage volume for 
subsequent rains.

When the contributing drainage area has been adequately stabilized, remove 
all materials and any unstable soil, and either salvage or dispose of it properly.  
Bring the disturbed area to proper grade, then smooth and compact it.  
Appropriately stabilize all bare areas around the inlet.

References Inlet Protection 
6.50, Excavated Drop Inlet Protection (Temporary) 
6.51, Hardware Cloth, and Gravel Inlet Protection (Temporary)

North Carolina Department of Transportation 
Standard Specifications for Roads and Structures
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Practice Standards and Specifications

 6.53.1

Definition A permanent grass sod filter area around a storm drain drop inlet in a stabilized, 
well-vegetated area.

Purpose To limit sediment from entering storm drainage systems as a permanent 
protection measure.

Conditions Where 
Practice Applies

Where the drainage area of the drop inlet has been permanently seeded and 
mulched, and the immediate surrounding area is to remain in dense vegetation.  
This practice is well suited for lawns adjacent to large buildings.

Design Criteria Keep velocity of design flow over the sod area at all points less than 5 ft/sec.

Place sod to form a turf mat completely covering the soil surface for a minimum 
distance of 4 feet from each side of the drop inlet where runoff will enter.

Maintain the slope of the sodded area no greater than 4:1.

Keep the drainage area no greater than 2 acres; maintain this area undisturbed 
or stabilize it.

Construction
Specifications

1. Bring the area to be sodded to final grade elevation with top soil.  Add 
fertilizer and lime, and install sod according to Practice 6.12, Sodding.

2. Lay all sod strips perpendicular to the direction of flows.

3. Keep the width of the sod at least 4 ft in the direction of flows.

4. Stagger sod strips so that adjacent strip ends are not aligned.

Maintenance During the first 4 weeks, water sod as often as necessary to maintain moist soil 
to a minimum depth of 2 inches.

Maintain grass height at least 2 inches with no more than one-third the shoot 
height (grass leaf) removed in any mowing.

Apply fertilizer as necessary to maintain the desired growth and sod density.  
Add lime as needed to maintain the proper pH.

References Surface Stabilization 
6.12, Sodding

6.53
SOD DROp INLET pROTECTION
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6.53.2

figure 6.53b Sod drop inlet sediment filter (source: Va SWCC)



Practice Standards and Specifications

ROCk DOUgHNUT INLET pROTECTION (Temporary)6.54

Definition A doughnut shaped rock dam that prevents sediment from getting into a drop 
inlet.  The rock dam has a built-in sediment storage area around the outside 
perimeter of the structure.  

Purpose To prevent sediment from entering a storm drain.

Conditions Where 
Practice Applies

To be used at drop inlets with large drainage areas or at drop inlets that 
receive high velocity water flows, possibly from many directions.  Sediment 
is captured in an excavated depression surrounding the inlet.  When drainage 
area exceeds 1 acre, additional measures are necessary.  This practice must not 
divert water away from the storm drain.

Design Criteria Place measure at least 30 feet away from vehicular traffic.  This inlet protection 
can be modified to protect one side of the inlet if only one side receives flow.  

Stone—A minimum 1-foot wide level area set 4 inches below the drop inlet 
crest will add protection against the entrance of material.  Structural stone 
should be Class B riprap with 2:1 side slope, and a minimum crest width of 18 
inches.  The height of the stone should be from 2 to 3.5 feet.  The outside face 
of the riprap should be covered in a 12-inch thick layer of #5 or #57 washed 
stone.   Wire mesh with 2-inch openings may be placed over the drain grating 
but must be inspected frequently to avoid blockage by trash.  

The top elevation of the stone structure must be at least 12 inches lower 
than the ground elevation downslope from the inlet.  It is important that all 
stormwater flow over the structure into the storm drain, and not past the 
structure.  Temporary diking below the structure may be necessary to prevent 
bypass flow.  Material may be excavated from inside the sediment pool for this 
purpose (Practice 6.52, Block and Gravel Inlet Protection).    

Construction 
Specifications

1. Clear the area of all debris that might hinder excavation and disposal of 
spoil.  

2. Grade shallow depression uniformly towards the inlet with side slopes no 
greater than 2:1.  Grade a 1-foot wide level area set 4 inches below the area 
adjacent to the inlet.  

3. Install the Class B or Class I riprap in a circle around the inlet.  The 
minimum crest width of the riprap should be 18 inches, with a minimum 
bottom width of 7.5 feet.  The minimum height of the stone is 2 feet. 

4. The outside face of the riprap is then lined with 12 inches of  NC DOT #5 
or #57 washed stone.  

Rev. 6/06 6.54.1
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Maintenance Inspect rock doughnut inlet protection at least weekly and after each significant 
(½ inch or greater) rainfall event and repair immediately.   

To provide satisfactory inlet protection efficiency, remove sediment from 
the sediment pool area when the volume is decreased by half. This will 
help provide adequate storage volume for the next rain.  Stabilize excavated 
material appropriately.  

Take care not to damage or undercut the structure during sediment removal.  
Remove debris from the inlet and replace stone as needed.  If the inlet was 
covered with wire mesh the mesh should be cleaned of debris.  

When the contributing drainage area has been adequately stabilized, remove 
all materials and dispose of sediment properly.  Bring the disturbed area to the 
grade of the drop inlet.  Smooth and compact it as needed.   

Appropriately stabilize all bare areas around the inlet with ground cover.

References Inlet protection
6.52, Block and Gravel Inlet Protection (Temporary)

North Carolina Department of Transportation 
Erosion & Sedimentation Guidelines for Division Maintenance Operation, 
1993.

6.54.2 Rev. 6/06

figure 6.54a Rock doughnut inlet 
protection plan view and cross-section 
view.
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Practice Standards and Specifications

Definition A horseshoe shaped rock dam structure at a pipe inlet with a sediment storage 
area around the outside perimeter of the structure.

Purpose To prevent sediment from entering, accumulating in and being transferred 
by a culvert or storm drainage system prior to stabilization of the disturbed 
drainage area.  This practice allows early use of the storm drainage system.

Conditions Where 
Practice Applies

Rock pipe inlet protection may be used at pipes with a maximum diameter 
of 36 inches.  This inlet protection may be used to supplement additional 
sediment traps or basins at the pipe outlet, or used in combination with an 
excavated sediment storage area to serve as a temporary sediment trap.  Pipe 
inlet protection should be provided to protect the storm drainage system and 
downstream areas from sedimentation until permanent stabilization of the 
disturbed drainage area.

Do not install this measure in an intermittent or perennial stream.

Planning 
Considerations

When construction on a project reaches a stage where culverts and other storm 
drainage structures are installed and many areas are brought to the desired 
grade, there is a need to protect the points where runoff can leave the site 
through culverts or storm drains.  Similar to drop and curb inlets, culverts 
receiving runoff from disturbed areas can convey large amounts of sediment 
to lakes or streams.  Even if the pipe discharges into a sediment trap or basin, 
the pipe or pipe system itself may clog with sediment.

Design Criteria When used in combination with an excavated sediment storage area to serve 
as a temporary sediment trap, the design criteria for temporary sediment traps 
must be satisfied.  The maximum drainage area should be 5 acres, and 3600 
cubic feet of sediment storage per acre of disturbed drainage area should be 
provided.

The minimum stone height should be 2 feet, with side slopes no steeper than 
2:1.  The stone “horseshoe” around the pipe inlet should be constructed of 
Class B or Class I riprap, with a minimum crest width of 3 feet.  The outside 
face of the riprap should be coved with a 12-inch thick layer of #5 or #57 
washed stone.  

In preparing plans for rock pipe inlet protection, it is important to protect the 
embankment over the pipe from overtopping.  The top of the stone should be a 
minimum of 1 foot below the top of the fill over the pipe.  The stone should tie 
into the fill on both sides of the pipe.  The inside toe of the stone should be no 
closer than 2 feet from the culvert opening to allow passage of high flows.

The sediment storage area should be excavated upstream of the rock pipe inlet 
protection, with a minimum depth of 18 inches below grade. 

6.55 ROCk pIpE INLET pROTECTION
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figure 6.55a Rock pipe inlet protection plan view and cross-section view
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Practice Standards and Specifications

Construction 
Specifications

1. Clear the area of all debris that might hinder excavation and disposal of 
spoil.

2. Install the Class B or Class I riprap in a semi-circle around the pipe 
inlet.  The stone should be built up higher on each end where it ties into the 
embankment.  The minimum crest width of the riprap should be 3 feet, with a 
minimum bottom width of 11 feet.  The minimum height should be 2 feet, but 
also 1 foot lower than the shoulder of the embankment or diversions.

3. A 1 foot thick layer of NC DOT #5 or #57 stone should be placed on the 
outside slope of the riprap.

4. The sediment storage area should be excavated around the outside of the 
stone horseshoe 18 inches below natural grade.

5. When the contributing drainage area has been stabilized, fill depression 
and establish final grading elevations, compact area properly, and stabilize 
with ground cover. 

Maintenance Inspect rock pipe inlet protection at least weekly and after each significant (½ 
inch or greater) rainfall event and repair immediately.  Remove sediment and 
restore the sediment storage area to its original dimensions when the sediment 
has accumulated to one-half the design depth of the trap.  Place the sediment 
that is removed in the designated disposal area and replace the contaminated 
part of the gravel facing.

Check the structure for damage.  Any riprap displaced from the stone horseshoe 
must be replaced immediately.

After all the sediment-producing areas have been permanently stabilized, 
remove the structure and all the unstable sediment.  Smooth the area to 
blend with the adjoining areas and provide permanent ground cover (Surface 
Stabilization).

References Inlet protection
6.52, Block and Gravel Inlet Protection (Temporary)

Sediment Trap and Barriers
6.60, Temporary Sediment Trap

Surface Stabilization
6.15, Riprap

North Carolina Department of Transportation 
Erosion & Sedimentation Guidelines for Division Maintenance Operation, 
1993.

Virginia Erosion and Sediment Control Handbook. 1992. STD & SPEC 
3.08, Culvert Inlet Protection. pages III-46 - III-51 (Culvert Inlets Sediment 
Trap).
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Definition A small, temporary ponding basin formed by an embankment or excavation 
to capture sediment.

Purpose To detain sediment-laden runoff and trap the sediment to protect receiving 
streams, lakes, drainage systems, and protect adjacent property.

Conditions Where 
Practice Applies

Specific criteria for installation of a temporary sediment trap are as follows:

• At the outlets of diversions, channels, slope drains, or other runoff 
conveyances that discharge sediment-laden water.

•  Below areas that are draining 5 acres or less.

• Where access can be maintained for sediment removal and proper 
disposal.

• In the approach to a stormwater inlet located below a disturbed area as 
part of an inlet protection system.

• Structure life limited to 2 years.

A temporary sediment trap should not be located in an intermittent or 
perennial stream.  

Planning 
Considerations

Select locations for sediment traps during site evaluation.  Note natural 
drainage divides and select trap sites so that runoff from potential sediment-
producing areas can easily be diverted into the traps.  Ensure the drainage 
areas for each trap does not exceed 5 acres.  Install temporary sediment traps 
before land disturbing takes place within the drainage area.

Make traps readily accessible for periodic sediment removal and other 
necessary maintenance.  Plan locations for sediment disposal as part of trap 
site selection.  Clearly designate all disposal areas on the plans.

In preparing plans for sediment traps, it is important to consider provisions to 
protect the embankment from failure from storm runoff that exceeds the design 
capacity.  Locate bypass outlets so that flow will not damage the embankment.  
Direct emergency bypasses to undisturbed natural, stable areas.   If a bypass is 
not possible and failure would have severe consequences, consider alternative 
sites.

Sediment trapping is achieved primarily by settling within a pool formed by 
an embankment.  The sediment pool may also be formed by excavation, or by 
a combination of excavation and embankment.  Sediment-trapping efficiency 
is a function of surface area and inflow rate (Practice 6.61, Sediment Basin).  
Therefore, maximize the surface area in the design. Because porous baffles 
improve flow distribution across the basin, high length to width ratios are not 
necessary to reduce short-circuiting and to optimize efficiency.

Because well planned sediment traps are key measures to preventing off-
site sedimentation, they should be installed in the first stages of project 
development.

6.60
TEmpORaRy SEDImENT TRap
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Design Criteria Summary:                                  

Primary Spillway:                        
Maximum Drainage Area:           
Minimum Volume:                        
Minimum Surface Area:              
Minimum L/W Ratio:                                   
Minimum  Depth:
Maximum Height: 
Dewatering Mechanism:   
Minimum Dewatering Time:       
Baffles Required:

Temporary Sediment Trap
Stone Spillway
5 acres
3600 cubic feet per acre of disturbed area
435 square feet per cfs of Q10 peak inflow
2:1
3.5 feet, 1.5 feet excavated below grade
Weir elevation 3.5 feet above grade
Stone Spillway
N/A
3

Storage capacity—Provide a minimum volume of 3600 ft3/acre of disturbed 
area draining into the basin.  Required storage volume may also be determined 
by modeling the soil loss with the Revised Universal Soil Loss Equation or 
other acceptable methods.  Measure volume to the crest elevation of the stone 
spillway outlet.  

Trap cleanout—Remove sediment from the trap, and restore the capacity 
to original trap dimensions when sediment has accumulated to one-half the 
design depth.

Trap efficiency—The following design elements must be provided for 
adequate trapping efficiency:

• Provide a surface area of 0.01 acres (435 square feet) per cfs based on the 
10-year storm;

• Convey runoff into the basin through stable diversions or temporary slope 
drains;

• Locate sediment inflow to the basin away from the dam to prevent short 
circuits from inlets to the outlet;

• Provide porous baffles (Practice 6.65, Porous Baffles);

• Excavate 1.5 feet of the depth of the basin below grade, and provide 
minimum storage depth of 2 feet above grade.

Embankment—Ensure that embankments for temporary sediment traps do 
not exceed 5 feet in height.  Measure from the center line of the original ground 
surface to the top of the embankment.  Keep the crest of the spillway outlet 
a minimum of 1.5 feet below the settled top of the embankment.  Freeboard 
may be added to the embankment height to allow flow through a designated 
bypass location.  Construct embankments with a minimum top width of 5 feet 
and side slopes of 2:1 or flatter.  Machine compact embankments.

Excavation—Where sediment pools are formed or enlarged by excavation, 
keep side slopes at 2:1 or flatter for safety.

Outlet section—Construct the sediment trap outlet using a stone section of 
the embankment located at the low point in the basin.  The stone section serves 
two purposes:  (1) the top section serves as a non-erosive spillway outlet for 
flood flows; and (2) the bottom section provides a means of dewatering the 
basin between runoff events.

Stone size—Construct the outlet using well-graded stones with a d50 size of 9 
inches (Class B erosion control stone is recommended,) and a maximum stone
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size of 14 inches.  The entire upstream face of the rock structure should be 
covered with fine gravel (NCDOT #57 or #5 wash stone) a minimum of 1 foot 
thick to reduce the drainage rate. 

Side slopes—Keep the side slopes of the spillway section at 2:1 or flatter.  
To protect the embankment, keep the sides of the spillway at least 21 inches 
thick.

Depth—The basin should be excavated 1.5 feet below grade.  

Stone spillway height—The sediment storage depth should be a minimum of 
2 feet and a maximum of 3.5 feet above grade. 

Protection from piping—Place filter cloth on the foundation below the riprap 
to prevent piping.  An alternative would be to excavate a keyway trench across 
the riprap foundation and up the sides to the height of the dam. 

Weir length and depth—Keep the spillway weir at least 4 feet long and sized 
to pass the peak discharge of the 10-year storm (Figure 6.60a).  A maximum 
flow depth of six inches, a minimum freeboard of 1 foot, and maximum side 
slopes of 2:1 are recommended.  Weir length may be selected from Table 6.60a 
shown for most site locations in North Carolina.

Rev. 6/06 6.60.3

figure 6.60a Plan view and cross-section view of a temporary sediment trap. 
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Table 6.60a 
Design of Spillways

Drainage area 
(acres)

1
2
3
4
5

weir Length1 
(ft)
4.0
6.0
8.0

10.0
12.0

  1 Dimensions shown are minimum.

Construction 
Specifications

1. Clear, grub, and strip the area under the embankment of all vegetation and 
root mat.  Remove all surface soil containing high amounts of organic matter, 
and stockpile or dispose of it properly.  Haul all objectionable material to the 
designated disposal area. 

2. Ensure that fill material for the embankment is free of roots, woody 
vegetation, organic matter, and other objectionable material.  Place the fill in 
lifts not to exceed 9 inches, and machine compact it.  Over fill the embankment 
6 inches to allow for settlement.

3. Construct the outlet section in the embankment.  Protect the connection 
between the riprap and the soil from piping by using filter fabric or a keyway 
cutoff trench between the riprap structure and soil.

• Place the filter fabric between the riprap and the soil.  Extend the fabric 
across the spillway foundation and sides to the top of the dam; or

• Excavate a keyway trench along the center line of the spillway foundation 
extending up the sides to the height of the dam.  The trench should be at 
least 2 feet deep and 2 feet wide with 1:1 side slopes.

4. Clear the pond area below the elevation of the crest of the spillway to 
facilitate sediment cleanout.

5. All cut and fill slopes should be 2:1 or flatter.

6. Ensure that the stone (drainage) section of the embankment has a 
minimum bottom width of 3 feet and maximum side slopes of 1:1 that extend 
to the bottom of the spillway section.

7. Construct the minimum finished stone spillway bottom width, as shown 
on the plans, with 2:1 side slopes extending to the top of the over filled 
embankment.  Keep the thickness of the sides of the spillway outlet structure 
at a minimum of 21 inches.  The weir must be level and constructed to 
grade to assure design capacity.

8. Material used in the stone section should be a well-graded mixture of stone 
with a d50 size of 9 inches (class B erosion control stone is recommended) and 
a maximum stone size of 14 inches.  The stone may be machine placed and the 
smaller stones worked into the voids of the larger stones.  The stone should be 
hard, angular, and highly weather-resistant.

9. Discharge inlet water into the basin in a manner to prevent erosion.  Use 
temporary slope drains or diversions with outlet protection to divert sediment-
laden water to the upper end of the pool area to improve basin trap efficiency 
(References: Runoff Control Measures and Outlet Protection).
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10. Ensure that the stone spillway outlet section extends downstream past the 
toe of the embankment until stable conditions are reached and outlet velocity 
is acceptable for the receiving stream.  Keep the edges of the stone outlet 
section flush with the surrounding ground, and shape the center to confine the 
outflow stream (References: Outlet Protection).

11. Direct emergency bypass to natural, stable areas.  Locate bypass outlets 
so that flow will not damage the embankment.

12. Stabilize the embankment and all disturbed areas above the sediment pool 
and downstream from the trap immediately after construction (References: 
Surface Stabilization).

13. Show the distance from the top of the spillway to the sediment cleanout 
level (1/2 the design depth) on the plans and mark it in the field.

14.   Install porous baffles as specified in Practice 6.65, Porous Baffles.

Maintenance Inspect temporary sediment traps at least weekly and after each significant (½ 
inch or greater) rainfall event and repair immediately.  Remove sediment, and 
restore the trap to its original dimensions when the sediment has accumulated 
to one-half the design depth of the trap.  Place the sediment that is removed in 
the designated disposal area, and replace the part of the gravel facing that is 
impaired by sediment.

Check the structure for damage from erosion or piping.  Periodically check the 
depth of the spillway to ensure it is a minimum of 1.5 feet below the low point 
of the embankment.  Immediately fill any settlement of the embankment to 
slightly above design grade.  Any riprap displaced from the spillway must 
be replaced immediately.

After all sediment-producing areas have been permanently stabilized, remove 
the structure and all unstable sediment.  Smooth the area to blend with the 
adjoining areas, and stabilize properly (References: Surface Stabilization).

References Outlet Protection 
6.41, Outlet Stabilization Structure

Runoff Control Measures 
6.20, Temporary Diversions 
6.21, Permanent Diversions 
6.22, Diversion Dike (Perimeter Protection) 
6.23, Right-of-way Diversion (Water Bars)

Surface Stabilization 
6.10, Temporary Seeding 
6.11, Permanent Seeding 
6.15, Riprap

Sediment Traps and Barriers
6.61, Sediment Basins

  6.64, Skimmer Basins
  6.65, Porous Baffles

North Carolina Department of Transportation 
Standard Specifications for Roads and Structures

Rev. 6/06 6.60.5
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Definition An earthen embankment suitably located to capture sediment.

Purpose To retain sediment on the construction site, and prevent sedimentation in off-
site streams, lakes, and drainageways.

Conditions Where 
Practice Applies

Special limitation—This practice applies only to the design and installation 
of sediment basins where failure of the structure would not result in the loss 
of life, damage to homes or buildings, or interrupt the use of public roads or 
utilities.  All high hazard potential dams and structures taller than 15 feet, and 
that also have a maximum storage capacity of 10 acre-feet or more are subject 
to the N.C. Dam Safety Act.

Sediment basins are needed where drainage areas exceed design criteria of 
other measures.  Specific criteria for installation of a sediment basin are as 
follows:

• Keep the drainage area less than 100 acres;

• Ensure that basin location provides a convenient concentration point for 
sediment-laden flows from the area served;

• Ensure that basin location allows access for sediment removal and proper 
disposal under all weather conditions; and

• Keep the basin life limited to 3 years, unless it is designed as a permanent 
structure;

Do not locate sediment basins in intermittent or perennial streams.

Planning 
Considerations

Select key locations for sediment basins during initial site evaluation.  Install 
basins before any land-disturbance takes place within the drainage area.

Select basin sites to capture sediment from all areas that are not treated 
adequately by other sediment controls.  Always consider access for cleanout 
and disposal of the trapped sediment.  Locations where a pond can be formed 
by constructing a low dam across a natural swale are generally preferred to 
sites that require excavation.  Where practical, divert sediment-free runoff 
away from the basin.

Sediment trapping efficiency is primarily a function of sediment particle size 
and the ratio of basin surface area to inflow rate.  Therefore, design the basin 
to have a large surface area for its volume.  Figure 6.61a shows the relationship 
between the ratio of surface area to peak inflow rate and trap efficiency 
observed by Barfield and Clar (1986).

Sediment basins with an expected life greater than 3 years should  be designed 
as permanent structures.  Often sediment basins are converted to stormwater 
ponds.  In these cases, the structure should be designed by a qualified 
professional engineer experienced in the design of dams.  Permanent ponds 
and artificial lakes are beyond the scope of this practice standard.  USDA Soil 
Conservation Service Practice Standard Ponds Code No. 378 provides criteria 
for design of permanent ponds.

6.61
SEDImENT baSIN
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Design Criteria Summary:
Primary Spillway:
Maximum Drainage Area:
Minimum Sediment Storage 
Volume:
Minimum Surface Area:
Minimum L/W Ratio:
Maximum L/W Ratio:
Minimum Depth:
Dewatering Mechanism

Minimum Dewatering Time:
Baffles Required:

Temporary Sediment Basin
Riser/Barrel Pipe
100 acres

1800 cubic feet per acre of disturbed area
435 square feet per cfs of Q10 peak inflow
2:1
6:1
2 feet
Skimmer(s) attached at bottom of riser pipe 
or flashboard riser
24 hours
3

Drainage areas—Limit drainage areas to 100 acres.

Design basin life—Ensure a design basin life of 3 years or less.

Dam height—Limit dam height to 15 feet.  Height of a dam is measured 
from the top of the dam to the lowest point at the downstream toe.  Volume 
is measured from the top of the dam when determining if the dam impounds 
enough water to be regulated by the Dam Safety Law.

6.61.2 Rev. 6/06
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Basin locations—Select areas that:
• Provide capacity for sediment storage from as much of the planned 

disturbed area as practical;

• Exclude runoff from undisturbed areas where practical;

• Provide access for sediment removal throughout the life of the project 
and;

• Interfere minimally with construction activities.

Basin shape—Ensure that the flow length to basin width ratio is at least 2:1 to 
improve trapping efficiency.  This basin shape may be attained by site selection 
or excavation.  Length is measured at the elevation of the principal spillway.

Storage volume—Ensure that the sediment storage volume of the basin, as 
measured to the elevation of the crest of the principal spillway, is at least 1,800 
ft3/acre for the disturbed area draining into the basin (1,800 ft3 is equivalent to 
a ½ inch of sediment per acre of basin drainage area).  

Remove sediment from the basin when approximately one-half of the storage 
volume has been filled.

Spillway capacity—The spillway system must carry the peak runoff from the 
10-year storm with a minimum 1 foot freeboard in the emergency spillway.  
Base runoff computations on the disturbed soil cover conditions expected 
during the effective life of the structure.

Principal spillway—Construct the principal spillway with a vertical riser 
connected to a horizontal barrel that extends through the embankment and 
outlets beyond the downstream toe of the dam, or an equivalent design.

• Capacity—The primary spillway system must carry the peak runoff from 
the 2-year storm, with the water surface at the emergency spillway crest 
elevation. 

Sediment cleanout elevation—Show the distance from the top of the riser 
to the pool level when the basin is 50 percent full.  This elevation should also 
be marked in the field with a permanent stake set at this ground elevation (not 
the top of the stake).

Crest elevation—Keep the crest elevation of the riser a minimum of 1 foot 
below the crest elevation of the emergency spillway.

Riser and Barrel—Keep the minimum barrel size at 15 inches for corrugated 
metal pipe or 12 inches for smooth wall pipe to facilitate installation and 
reduce potential for failure from blockage.  Ensure that the pipe is capable 
of withstanding the maximum external loading without yielding, buckling or 
cracking.  To improve the efficiency of the principal spillway system, make 
the cross-sectional area of the riser at least 1.5 times that of the barrel.  The 
riser should be sized to minimize the range of stages when orifice flow will 
occur. 

Rev. 6/06 6.61.3
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Pipe Connections—Ensure that all conduit connections are watertight.  Rod 
and lug type connector bands with gaskets are preferred for corrugated metal 
pipe to assure watertightness under maximum loading and internal pressure.  
Do not use dimple (universal) connectors under any circumstances.

• Trash guard—It is important that a suitable trash guard be installed to 
prevent the riser and barrel pipes from becoming clogged. Install a trash 
guard on the top of the riser to prevent trash and other debris from clogging 
the conduit.  A combination anti-vortex device and trash guard improves 
the efficiency of the principal spillway and protects against trash intake.

• Protection against piping—Install at least one watertight anti-seep 
collar with a minimum projection of 1.5 feet around the barrel of principal 
spillway conduits, 8 inches or larger in diameter.  Locate the anti-seep 
collar slightly downstream from the dam center line.  A properly designed 
drainage diaphragm installed around the barrel may be used instead of an 
anti-seep collar when it is appropriate.

• Protection against flotation—Secure the riser by an anchor with buoyant 
weight greater than 1.1 times the water displaced by the riser.

    •  Outlet—Protect the outlet of barrel against erosion. 

Discharge velocities must be within allowable limits for the receiving stream 
(References: Outlet Protection).

Basin dewatering—The basin should be provided with a mechanism to 
dewater the basin from the water surface.  Previously sediment basins were 
dewatered with a perforated riser.  These were designed to dewater relatively 
quickly and draw water from the entire water column. Dewatering from the 
surface provides greater trapping efficiency.  Two common methods are a 
skimmer and a flashboard riser.

• Skimmer—A floating skimmer should be attached to the base of the 
riser.  The orifice in the skimmer will control the rate of dewatering.  The 
skimmer should be sized to dewater the basin in 24-72 hours (1-3 days).  
A charts to determine the appropriate skimmer and orifice size is included 
on page 6.64.3.  See Practice 6.64, Skimmer Basins for details on the 
installation of skimmers.

• Flashboard Riser—A different approach is to use a flashboard riser, which 
forces the basin to fill to a given level before the water tops the riser.  In 
this way it is similar to a solid riser, but with the option of being able to 
lower the water level in the basin when accumulated sediment  must be 
removed.  Flashboard risers are usually fabricated as a box or as a riser 
pipe cut in half.  The open face has slots on each side into which boards 
or “stop logs” are placed, forcing the water up and over them.  This device 
should be sized the same way as a typical riser.
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  Forcing the water to exit the sediment basin from the top of the water 
column has the same advantages in sediment capture as the skimmer.  
A flashboard riser basin will have an adjustable, permanent pool which 
also improves basin efficiency.  This method is a disadvantage when the 
sediment needs to be removed because the operator may need to remove 
the boards down to the sediment level to drain the basin.  Flashboard risers 
are a good option for stilling basins for pump discharges, or when sandy 
soil conditions will allow dewatering of the basin through infiltration.  
They should not be selected when the basin will have to be cleaned 
frequently, or when located in clay soils.

figure 6.61b   Flashboard Riser installation example.

Rev. 6/06 6.61.5

Emergency spillway—Construct the entire flow area of the emergency 
spillway in undisturbed soil (not fill).  Make the cross section trapezoidal 
with side slopes of 3:1 or flatter.  Make the control section of the spillway 
straight and at least 20 feet long.  The inlet portion of the spillway may be 
curved to improve alignment, but ensure that the outlet section is straight due 
to supercritical flow in this portion.

• Capacity—The minimum design capacity of the emergency spillway 
must be the peak rate of runoff from the 10-year storm, less any reduction 
due to flow in the principal spillway.  In no case should freeboard of the 
emergency spillway be less than 1 foot above the design depth of flow.
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• Velocity—Ensure that the velocity of flow discharged from the basin 

is non-erosive for the existing conditions.  When velocities exceed that 
allowable for the receiving areas, provide outlet protection (References: 
Outlet Protection).

Embankment—
• Cut-off trench—Excavate a trench at the center line of the embankment.  

Ensure that the trench is in undisturbed soil and extends through the 
length of the embankment to the elevation of the riser crest at each end.  A 
minimum of depth of 2 feet is recommended.

• Top width—The minimum top width of the dam is shown in Table 
6.61a.

• Freeboard—Ensure that the minimum difference between the design 
water elevation in the emergency spillway and the top of the settled 
embankment is 1 foot.

• Side slopes—Make the side slopes of the impoundment structure 2.5:1 or 
flatter (Figure 6.61b).

• Allowance for settlement—Increase the constructed height of the fill at 
least 10 percent above the design height to allow for settlement.

• Erosion protection—Stabilize all areas disturbed by construction (except 
the lower ½ of the sediment pool) by suitable means immediately after 
completing the basin (References: Surface Stabilization).

Design information included in the Appendices may be used to develop 
final plans for sediment basins (References: Appendices).

Trap efficiency—Improve sediment basin trapping efficiency by employing 
the following considerations in the basin design:

• Surface area—In the design of the settling pond, allow the largest surface 
area possible.  Studies of Barfield and Clar (1986) indicate that surface 
area (in acres) should be larger than 0.01 times the peak inflow rate in cfs, 
or 435 sq. ft. per cfs of peak flow.  

• Length—The length to width ratio should be between 2:1 to 6:1.   

Table 6.61a 
acceptable Dimensions for 

basin Embankment

fill Height
less than 10 ft 
10 ft to 15 ft

minimum Top width
8.0 ft

10.0 ft

6.61.6 Rev. 6/06

• Baffles—Provides a minimum of three porous baffles to evenly distribute 
flow across the basin and reduces turbulence.

• Inlets—Locate the sediment inlets to the basin the greatest distance from 
the principal spillway.

• Dewatering—Allow the maximum reasonable detention period before 
the basin is completely dewatered–at least 24 hours.

• Inflow rate—Reduce the inflow velocity and divert all sediment-free 
runoff.



Construction 
Specifications

1. Site preparations—Clear, grub, and strip topsoil from areas under the 
embankment to remove trees, vegetation, roots, and other objectionable 
material.  Delay clearing the pool area until the dam is complete and then 
remove brush, trees, and other objectionable materials to facilitate sediment 
cleanout.  Stockpile all topsoil or soil containing organic matter for use on the 
outer shell of the embankment to facilitate vegetative establishment.  Place 
temporary sediment control measures below the basin as needed.

2. Cut-off trench—Excavate a cut-off trench along the center line of the earth 
fill embankment.  Cut the trench to stable soil material, but in no case make it 
less than 2 feet deep.  The cut-off trench must extend into both abutments to 
at least the elevation of the riser crest.  Make the minimum bottom width wide 
enough to permit operation of excavation and compaction equipment, but in 
no case less than 2 feet.  Make side slopes of the trench no steeper than 1:1.  
Compaction requirements are the same as those for the embankment.  Keep 
the trench dry during backfilling and compaction operations.

3. Embankment—Take fill material from the approved areas shown on the 
plans.  It should be clean mineral soil, free of roots, woody vegetation, rocks, 
and other objectionable material.  Scarify areas on which fill is to be placed 
before placing fill.  The fill material must contain sufficient moisture so it can 
be formed by hand into a ball without crumbling.  If water can be squeezed 
out of the ball, it is too wet for proper compaction.  Place fill material in 6 to 
8 inch continuous layers over the entire length of the fill area and compact it.  
Compaction may be obtained by routing the construction hauling equipment 
over the fill so that the entire surface of each layer is traversed by at least 
one wheel or tread track of heavy equipment, or a compactor may be used.  
Construct the embankment to an elevation 10 percent higher than the design 
height to allow for settling.

4. Conduit spillways—Securely attach the riser to the barrel or barrel stub 
to make a watertight structural connection.  Secure all connections between 
barrel sections by approved watertight assemblies.  Place the barrel and riser 
on a firm, smooth foundation of impervious soil.  Do not use pervious material 
such as sand, gravel, or crushed stone as backfill around the pipe or anti-
seep collars.  Place the fill material around the pipe spillway in 4-inch layers, 
and compact it under and around the pipe to at least the same density as the 
adjacent embankment.  Care must be taken not to raise the pipe from firm 
contact with its foundation when compacting under the pipe haunches.

Place a minimum depth of 2 feet of compacted backfill over the pipe spillway 
before crossing it with construction equipment.  Anchor the riser in place by 
concrete or other satisfactory means to prevent flotation.  In no case should 
the pipe conduit be installed by cutting a trench through the dam after the 
embankment is complete.

5. Emergency spillway—Install the emergency spillway in undisturbed soil.  
The achievement of planned elevations, grade, design width, and entrance and 
exit channel slopes are critical to the successful operation of the emergency 
spillway.

6. Inlets—Discharge water into the basin in a manner to prevent erosion.  
Use diversions with outlet protection to divert sediment-laden water to the 
upper end of the pool area to improve basin trap efficiency (References: Runoff 
Control Measures and Outlet Protection).

Rev. 6/06 6.61.7

Practice Standards and Specifications



6
7. Erosion control—Construct the structure so that the disturbed area 
is minimized.  Divert surface water away from bare areas.  Complete the 
embankment before the area is cleared.  Stabilize the emergency spillway 
embankment and all other disturbed areas above the crest of the principal 
spillway immediately after construction. (References: Surface Stabilization).

8. Install porous baffles as specified in Practice 6.65, Porous Baffles. 

9. Safety—Sediment basins may attract children and can be dangerous.  
Avoid steep side slopes, and fence and mark basins with warning signs if 
trespassing is likely.  Follow all state and local requirements.

Maintenance Inspect temporary sediment basins at least weekly and after each significant (½ 
inch or greater) rainfall event and repair immediately.  Remove sediment and 
restore the basin to its original dimensions when it accumulates to one-half the 
design depth.  Place removed sediment in an area with sediment controls.

Check the embankment, spillways, and outlet for erosion damage, and inspect 
the embankment for piping and settlement.  Make all necessary repairs 
immediately.  Remove all trash and other debris from the riser and pool area.

References Surface Stabilization 
6.10, Temporary Seeding 
6.11, Permanent Seeding 
6.12, Sodding 
6.13, Trees, Shrubs, Vines, and Ground Covers

Runoff Control Measures 
6.20, Temporary Diversions 
6.21, Permanent Diversions 
6.22, Perimeter Dike

Outlet Protection
6.40, Level Spreader 
6.41, Outlet Stabilization Structure

Sediment Traps and Barriers 
6.64, Skimmer Sediment Basin
6.65, Porous Baffles

Appendices
8.01, Soil Information
8.02, Vegetation Tables 
8.03, Estimating Runoff
8.04, Estimating Roughness Coefficients
8.05, Design of Stable Channels and Diversions
8.06, Design of Riprap Outlet Protection 
8.07, Sediment Basin Design
8.08, The Sediment Control Law

Barfield, B.J. and M.L. Clar. Erosion and Sediment Control Practices. 
Report to the Sediment and Stormwater Division - Maryland Water 
Resources Administration, 1986.
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Definition A temporary sediment control measure consisting of fabric buried at the 
bottom, stretched, and supported by posts.

Purpose To retain sediment from small disturbed areas by reducing the velocity of 
sheet flows to allow sediment deposition.

Conditions Where 
Practice Applies

Below small-disturbed areas that are less then ¼ acre per 100 feet of fence.

Where runoff can be stored behind the sediment fence without damaging the 
fence or the submerged area behind the fence.

Do not install sediment fences across streams, ditches, or waterways, or 
other areas of concentrated flow.

Sediment fence should be placed along topographic elevation contours, where 
it can intercept stormwater runoff that is in dispersed sheet flow.  Sediment 
fence should not be used alone below graded slopes greater than 10 feet in 
height. 

Planning 
Considerations

A sediment fence is a system to retain sediment on the construction site.  The 
fence retains sediment primarily by retarding flow and promoting deposition.  
In operation, generally the fence becomes clogged with fine particles, which 
reduce the flow rate.   This causes a pond to develop behind the fence.  The 
designer should anticipate ponding and provide sufficient storage areas and 
overflow outlets to prevent flows from overtopping the fence.  Since sediment 
fences are not designed to withstand high water levels, locate them so that 
only shallow pools can form.  Tie the ends of a sediment fence into higher 
ground to prevent flow around the end of the fence before the pool reaches 
design level.  Curling each end of the fence uphill in a “J” pattern may be 
appropriate to prevent end flow.  Provide stabilized outlets to protect the fence 
system and release storm flows that exceed the design storm.

Deposition occurs as the storage pool forms behind the fence.  The designer can 
direct flows to specified deposition areas through appropriate positioning of 
the fence or by providing an excavated area behind the fence.  Plan deposition 
areas at accessible points to promote routine cleanout and maintenance.  Show 
deposition areas in the erosion and sedimentation control plan.  A sediment 
fence acts as a diversion if placed slightly off the contour.  A maximum slope 
of 2 percent is recommended.  This technique may be used to control shallow, 
uniform flows from small disturbed areas and to deliver sediment-laden water 
to deposition areas.  The anchoring of the toe of the fence should be reinforced 
with 12 inches of NC DOT #5 or #57 washed stone when flow will run parallel 
to the toe of the fence.

Sediment fences serve no function along ridges or near drainage divides where 
there is little movement of water.  Confining or diverting runoff unnecessarily 
with a sediment fence may create erosion and sedimentation problems that 
would not otherwise occur.

SEDImENT fENCE6.62
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Straw barriers have only a 0-20% trapping efficiency and are inadequate. Straw 
bales may not be used in place of sediment fence.  Prefabricated sediment fence 
with the fabric already stapled to thin wooden posts does not meet minimum 
standards specified later in this section.

Anchoring of sediment fence is critical.  The toe of the fabric must be anchored 
in a trench backfilled with compacted earth.  Mechanical compaction must be 
provided in order for the fence to effectively pond runoff.

Design Criteria Ensure that drainage area is no greater than ¼ acre per 100 feet of fence.  This 
is the maximum drainage area when the slope is less than 2 percent.  Where 
all runoff is to be stored behind the fence, ensure that the maximum slope 
length behind a sediment fence does not exceed the specifications shown in 
Table 6.62a.  The shorter slope length allowed for steeper slopes will greatly 
reduce the maximum drainage area.  For example, a 10–20 % slope may have 
a maximum slope length of 25 feet.  For a 100-foot length of sediment fence, 
the drainage area would be 25ft X 100ft = 2500sq.ft., or 0.06 acres.  

Table 6.62a maximum 
Slope Length and Slope for 

which Sediment fence is 
applicable

Slope
<2%

2 to 5%
5 to 10%

10 to 20%
>20%                          

Slope Length (ft)
100
75
50
25
15

maximum area (ft2)
10,000
7,500
5,000
2,500
1,500

Make the fence stable for the 10-year peak storm runoff.

Ensure that the depth of impounded water does not exceed 1.5 feet at any point 
along the fence.

If non-erosive outlets are provided, slope length may be increased beyond 
that shown in Table 6.62a, but runoff from the area should be determined and 
bypass capacity and erosion potential along the fence must be checked.  The 
velocity of the flow at the outlet or along the fence should be in keeping with 
Table 8.05d, Appendix 8.05.

Provide a riprap splash pad or other outlet protection device for any point 
where flow may overtop the sediment fence, such as natural depressions or 
swales.  Ensure that the maximum height of the fence at a protected, reinforced 
outlet does not exceed 2 feet and that support post spacing does not exceed 4 
feet.

The design life of a synthetic sediment fence should be 6 months. 

Construction 
Specifications

maTERIaLS
1. Use a synthetic filter fabric of at least 95% by weight of polyolefins or 
polyester, which is certified by the manufacturer or supplier as conforming to 
the requirements in ASTM D 6461, which is shown in part in Table 6.62b.

Synthetic filter fabric should contain ultraviolet ray inhibitors and stabilizers 
to provide a minimum of 6 months of expected usable construction life at a 
temperature range of 0 to 120º F.
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2. Ensure that posts for sediment fences are 1.33 lb/linear ft steel with 
a minimum length of 5 feet.  Make sure that steel posts have projections to 
facilitate fastening the fabric.

3. For reinforcement of standard strength filter fabric, use wire fence with a 
minimum 14 gauge and a maximum mesh spacing of 6 inches.

CONSTRUCTION
1. Construct the sediment barrier of standard strength or extra strength 
synthetic filter fabrics.

2. Ensure that the height of the sediment fence does not exceed 24 inches 
above the ground surface.  (Higher fences may impound volumes of water 
sufficient to cause failure of the structure.)

3. Construct the filter fabric from a continuous roll cut to the length of the 
barrier to avoid joints.  When joints are necessary, securely fasten the filter 
cloth only at a support post with 4 feet minimum overlap to the next post.   

4. Support standard strength filter fabric by wire mesh fastened securely to 
the upslope side of the posts.  Extend the wire mesh support to the bottom of 
the trench.  Fasten the wire reinforcement, then fabric on the upslope side of 
the fence post.  Wire or plastic zip ties should have minimum 50 pound tensile 
strength.

5. When a wire mesh support fence is used, space posts a maximum of 8 feet 
apart.  Support posts should be driven securely into the ground a minimum of 
24 inches.

6. Extra strength filter fabric with 6 feet post spacing does not require wire 
mesh support fence.  Securely fasten the filter fabric directly to posts.  Wire or 
plastic zip ties should have minimum 50 pound tensile strength.

Rev. 6/06 6.62.3

Table 6.62b Specifications For Sediment Fence Fabric
Temporary Silt fence material property Requirements

Test Material Units
Supported1

Silt Fence
Un-Supported1

Silt Fence
Type of 
Value

Grab Strength ASTM D 4632 N (lbs)

Machine Direction 400 550 MARV

(90) (90)

X-Machine Direction 400 450 MARV

(90) (90)

Permittivity2 ASTM D 4491 sec-1 0.05 0.05 MARV

Apparent Opening Size2 ASTM D 4751 mm 0.60 0.60 Max. ARV3

(US Sieve #) (30) (30)

Ultraviolet Stability ASTM D 4355
%

Retained 
Strength

70% after
500h of exposure

70% after
500h of exposure Typical

1 Silt Fence support shall consist of 14 gage steel wire with a mesh spacing of 150 mm (6 inches), or prefabricated poylmer mesh of 
equivalent strength.
2 These default values are based on empirical evidence with a variety of sediment.  For environmentally sensitive areas, a review of 
previous experience and/or site or regionally specific geotextile tests in accordance with Test Method D 5141 should be performed 
by the agency to confirm suitability of these requirements.  
3 As measured in accordance with Test Method D 4632.  
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7. Excavate a trench approximately 4 inches wide and 8 inches deep along 
the proposed line of posts and upslope from the barrier (Figure 6.62a).

8. Place 12 inches of the fabric along the bottom and side of the trench. 

9. Backfill the trench with soil placed over the filter fabric and compact.  
Thorough compaction of the backfill is critical to silt fence performance.

10. Do not attach filter fabric to existing trees.

SEDImENT fENCE INSTaLLaTION USINg THE SLICINg mETHOD
Instead of excavating a trench, placing fabric and then backfilling trench, 
sediment fence may be installed using specially designed equipment that 
inserts the fabric into a cut sliced in the ground with a disc (Figure 6.62b).

Installation 
Specifications

1. The base of both end posts should be at least one foot higher than the 
middle of the fence.  Check with a level if necessary.

2. Install posts 4 feet apart in critical areas and 6 feet apart on standard 
applications.

3. Install posts 2 feet deep on the downstream side of the silt fence, and 
as close as possible to the fabric, enabling posts to support the fabric from 
upstream water pressure.

4. Install posts with the nipples facing away from the silt fabric.

5. Attach the fabric to each post with three ties, all spaced within the top 8 
inches of the fabric.  Attach each tie diagonally 45 degrees through the fabric, 
with each puncture at least 1 inch vertically apart.  Also, each tie should be 
positioned to hang on a post nipple when tightened to prevent sagging.

6. Wrap approximately 6 inches of fabric around the end posts and secure 
with 3 ties.

7. No more than 24 inches of a 36 inch fabric is allowed above ground 
level.

8. The installation should be checked and corrected for any deviations before 
compaction. 

9. Compaction is vitally important for effective results.  Compact the soil 
immediately next to the silt fence fabric with the front wheel of the tractor, 
skid steer, or roller exerting at least 60 pounds per square inch.  Compact the 
upstream side first, and then each side twice for a total of 4 trips.  
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figure 6.62a Installation detail of a sediment fence.
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Post
installed
after

compaction

Silt Fence

Fabric
above
ground

Operation

Horizontal chisel point
(76 mm width)

Slicing blade
(18 mm width)

Completed Installation

200-300mm

Roll of silt fence

Vibratory plow is not acceptable because of horizontal compaction

Silt Fence That Works

100 % compaction 100 % compaction

Ponding height
max . 24"

Attach fabric to
upstream side of post

Drive ove r each sid e of
silt fence2 to4 times
with devic e exerting
60 p.s.i . or greater

POST SPACING:
7 ' max . on open runs

4 ' max . on pooling areas

POST DEPTH:
A s muc h belo w ground
as fabric abov e ground

FLOW

The Slicing Method

No more than 24" ofa 36" fabric
is allowed above ground.

Diagonal attachment
doubles strength.

Top of Fabric

Belt

ATTACHMENT DETAILS:

Gather fabric at posts, if needed.

Utilize three ties per post, all within top 8" of fabric.

Position each tie diagonally, puncturing holes vertically
a minimum of 1" apart.

Hang each tie on a post nipple and tighten securely.
Use cable ties (50lbs) or soft wire.

top 8"

figure 6.62b Schematics for using the slicing method to install a sediment fence.  Adapted from Silt Fence that Works

6’

compacted soil compacted soil

3” width 0.7” 

8”-12”

Drive over each side of silt 
fence 2 to 4 times with 
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Maintenance Inspect sediment fences at least once a week and after each rainfall.  Make any 
required repairs immediately.

Should the fabric of a sediment fence collapse, tear, decompose or become 
ineffective, replace it promptly.  

Remove sediment deposits as necessary to provide adequate storage volume 
for the next rain and to reduce pressure on the fence.  Take care to avoid 
undermining the fence during cleanout.

Remove all fencing materials and unstable sediment deposits and bring the 
area to grade and stabilize it after the contributing drainage area has been 
properly stabilized.

References ASTM D 6461 – 99.  “Standard Specification for Silt Fence Materials”  ASTM 
International. For referenced ASTM standards, visit the ASTM website, 
www.astm.org, or contact ASTM Customer Service at service@astm.org. For 
Annual Book of ASTM Standards volume information, refer to the standard’s 
Document Summary page on the ASTM website. 

ASTM D 6462 – 03.  “Standard Practice for Silt Fence Installation”  ASTM 
International. For referenced ASTM standards, visit the ASTM website, 
www.astm.org, or contact ASTM Customer Service at service@astm.org. For 
Annual Book of ASTM Standards volume information, refer to the standard’s 
Document Summary page on the ASTM website. 

C. Joel Sprague, PE, Silt Fence Performance Limits and Installation 
Requirements.  Sprague and Sprague Consulting Engineers and TRI/
Environmental, Inc.

Carpenter Erosion Control. http://www.tommy-sfm.com/

Kentucky Erosion Prevention and Sediment Control Field Manual, 2004.

Runoff Control Measures 
6.20, Temporary Diversions

Outlet Protection 
6.41, Outlet Stabilization Structure

Appendix  
8.03, Estimating Runoff
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Definition A rock embankment located to capture sediment in a naturally formed drainage 
feature. 

Purpose To trap sediment on the construction site, and prevent off-site sedimentation in 
streams, lakes, and drainageways.

Conditions Where 
Practice Applies

The rock dam may be used in drainage areas too large for the use of a temporary 
sediment trap.  The height of the dam is limited to 8 feet, and drainage area 
should be no larger than 10 acres.

The rock dam is preferred where a stable, earthen embankment would be 
difficult to construct, and riprap and gravel are readily available.  The site 
must be accessible for periodic sediment removal.

A rock dam should not be located in a intermittent or perennial stream.

Planning 
Considerations

A sediment basin formed by a rock embankment is used primarily where it is 
desirable to have the top of the structure serve as the overflow outlet and where 
suitable rock is readily available.  A long weir crest is designed to keep flow 
depth shallow and discharge velocities low.  The inside face of the rock dam 
must be covered with gravel to reduce the rate of seepage through the dam so 
that a sediment pool will form during runoff events.  The pool should drain 
slowly through the gravel.

The abutments of the rock dam must be higher than the top of the dam to 
prevent any water from flowing against the soil.  Suitable filter fabric should 
be placed between the rock structure and its soil base and abutments.  This 
practice prevents “piping” or soil movement in the foundation and abutments.  
Rock should extend downstream from the toe of the dam, on zero grade, and a 
sufficient distance to stabilize flow and prevent erosion.

For other planning considerations see Practice 6.61, Sediment Basin.

Design Criteria Summary:                                   
Primary Spillway:                        
Maximum Drainage Area: 
Minimum Sediment Storage 
Volume:                       
Minimum Surface Area:              
Minimum L/W Ratio:                  
Minimum Depth:                         
Maximum Height:                       
Dewatering Mechanism               
Minimum Dewatering Time:       
Baffles Required:                         

Temporary Rock Dam
Stone Spillway
10 acres

3600 cubic feet per acre of disturbed area
435 square feet per cfs of Q10 peak inflow
2:1
3.5 feet, 1.5 feet excavated below grade
Weir elevation 6 feet above grade
Stone Spillway
N/A
3

Design basin life—3 years or less.

Dam height—limited to 8 feet.

6.63 SEDImENT baSIN wITH ROCk Dam
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Basin locations—select areas that:

• provide a large surface area to trap sediment;
• intercept runoff from disturbed areas;
• are accessible for periodic sediment removal; and
• interfere minimally with construction activities.

Basin volume—The volume of the basin should be at least 3600 cubic feet 
per acre based on disturbed area draining into the basin, and measured 1 foot 
below the spillway crest.  A sediment cleanout elevation, where the sediment 
pool is 50% full, should be marked in the field with a permanent stake.

Trap efficiency—The following design elements must be provided for 
adequate trapping efficiency:

• provide a surface area of 0.01 acres (435 square feet) per cfs based on the 
area draining to the rock dam.

• locate sediment inflow to the basin away from the dam to prevent short 
circuits from inlets to the outlet;

• provide porous baffles (Practice 6.65, Porous Baffles); and
• excavate 1.5 feet of the depth of the basin below grade, and a minimum 

of 2 feet above grade.

Spillway capacity—The spillway should carry peak runoff for a 10-year 
storm with maximum flow depth of 6 inches and a minimum freeboard of 1 
foot.  The top of the rock embankment may serve as the spillway.

Embankment—
  Top width— 5 feet minimum 
Side Slopes— Maximum: 2:1 upstream slope 
  3:1 downstream slope

Rock abutments should extend to an elevation at least 2 feet above the spillway.  
Abutments should be 2 feet thick with 2:1 side slopes.  The rock abutments 
should extend down the downstream face of the dam to the toe, at least 1 foot 
higher than the rest of the dam to protect the earth abutments from scour.

Outlet protection—A rock apron, at least 1.5 feet thick, should extend 
downstream from the toe of the dam on zero grade.  A sufficient distance or 
a distance equal to the height of the dam (whichever is greater) is needed to 
prevent channel erosion.

Rock fill—Rock should be well graded, hard, erosion resistant stone with a 
minimum d50 size of 12 inches.  Typically, a rock dam should be constructed of 
a downstream layer of Class II riprap providing 3 feet of the crest width and an 
upstream layer of Class I riprap providing 2 feet of the crest width. 

Protection from “piping”—To prevent soil movement and piping under the 
dam, the entire foundation including both earth abutments must be covered 
by filter fabric.  Overlap 1 foot at all joints, with the upstream strip over the 
downstream strip.

Basin dewatering—The entire upstream face of the rock structure should be 
covered with fine gravel (NC DOT #57 or #5 washed stone) a minimum of 1 
foot thick to reduce the drainage rate.

6.63.2 Rev. 6/06
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Construction 
Specifications

1. Clear the areas under the embankment and strip of roots and other 
objectionable material.  Delay cleaning the reservoir area until the dam is in 
place.

2. Cover the foundation area including the abutments with extra-strength filter 
fabric before backfilling with rock.  If a cutoff trench is required, excavate at 
center line of dam, extending all the way up the earth abutments.  Apply filter 
fabric under the rockfill embankment from the upstream edge of the dam to 
the downstream edge of the apron.  Overlap fill material a minimum of 1 foot 
at all joints, with the upstream strip laid over the downstream strip. 

3. Construct the embankment with well-graded rock and gravel to the size 
and dimensions shown on the drawings.  It is important that rock abutments 
be at least 2 feet higher than the spillway crest and at least 1 foot higher than 
the dam, all the way to the downstream toe, to prevent scour and erosion at the 
abutments.

figure 6.63a Rock Dam cross section
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4. Sediment-laden water from the construction site should be diverted into 
the basin reservoir at the furthest area from the dam.

5. Construct the rock dam before the basin area is cleared to minimize 
sediment yield from construction of the basin.  Immediately stabilize all 
areas disturbed during the construction of the dam except the sediment pool   
(References: Surface Stabilization).

6. Safety—Sediment basins should be considered dangerous because they 
attract children.  Steep side slopes should be avoided.  Fences with warning 
signs may be needed if trespassing is likely.  All state and local requirements 
must be followed.

6.63.4 Rev. 6/06
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figure 6.63b Rock Dam plan view and 
spillway details



Maintenance Check sediment basins after each rainfall.  Remove sediment and restore original 
volume when sediment accumulates to about one-half the design volume.  
Sediment should be placed above the basin and adequately stabilized.  

Check the structure for erosion, piping, and rock displacement weekly and 
after each significant (½ inch or greater) rainstorm and repair immediately.

Remove the structure and any unstable sediment immediately after the 
construction site has been permanently stabilized.  Smooth the basin site to 
blend with the surrounding area and stabilize.  All water and sediment should 
be removed from the basin prior to dam removal.  Sediment should be placed 
in designated disposal areas and not allowed to flow into streams or drainage 
ways during structure removal.

References Surface Stabilization 
6.10, Temporary Seeding 
6.11, Permanent Seeding 
6.12, Sodding 
6.13, Trees, Shrubs, Vines, and Ground Covers

Sediment Traps and Barriers 
6.61, Sediment Basins 
6.65, Porous Baffles

North Carolina Department of Transportation 
Standard Specifications for Roads and Structures
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Practice Standards and Specifications

Definition An earthen embankment suitably located to capture runoff, with a trapezoidal 
spillway lined with an impermeable geotextile or laminated plastic membrane, 
and equipped with a floating skimmer for dewatering.

Purpose Sediment basins are designed to provide an area for runoff to pool and settle 
out a portion of the sediment carried down gradient.  Past designs used a 
perforated riser for dewatering, which allowed water to leave the basin from 
all depths.  One way to improve the sediment capture rate is to have an outlet 
which dewaters the basin from the top of the water column where the water 
is cleanest.  A skimmer is probably the most common method to dewater a 
sediment basin from the surface.  The basic concept is that the skimmer does 
not dewater the basin as fast as runoff enters it, but instead allows the basin 
to fill and then slowly drain over hours or days.  This process has two effects.  
First, the sediment in the runoff has more time to settle out prior to discharge.  
Second, a pool of water forms early in a storm event and this further increases 
sedimentation rates in the basin.  Many of the storms will produce more 
volume than the typical sediment basin capacity and flow rates in excess of 
the skimmer capability, resulting in flow over the emergency spillway.  This 
water is also coming from the top of the water column and has thereby been 
“treated” to remove sediment as much as possible.  (Adapted from SoilFacts:  
Dewatering Sediment Basins Using Surface Outlets.  N. C. State University, 
Soil Science Department.)

Conditions Where 
Practice Applies

Skimmer sediment basins are needed where drainage areas are too large 
for temporary sediment traps. Do not locate the skimmer sediment basin in 
intermittent or perennial streams.

Planning 
Considerations

Select locations for skimmer basins during initial site evaluation.  Install 
skimmer sediment basins before any site grading takes place within the 
drainage area.

Select skimmer sediment basin sites to capture sediment from all areas that are 
not treated adequately by other sediment control measures.  Always consider 
access for cleanout and disposal of the trapped sediment.  Locations where 
a pond can be formed by constructing a low dam across a natural swale are 
generally preferred to sites that require excavation.  Where practical, divert 
sediment-free runoff away from the basin.

A skimmer is a sedimentation basin dewatering control device that withdraws 
water from the basin’s water surface, thus removing the highest quality water 
for delivery to the uncontrolled environment. A skimmer is shown in Figure 
6.64a. By properly sizing the skimmer’s control orifice, the skimmer can be 
made to dewater a design hydrologic event in a prescribed period.  Because the 
spillway is actually used relatively frequently, it should be carefully stabilized 
using geotextiles, or rock if necessary, that can withstand the expected flows.  
The spillway should be placed as far from the inlet of the basin as possible to 
maximize sedimentation before discharge.  The spillway should be located in 
natural groundcover to the greatest extent possible

6.64 SkImmER SEDImENT baSIN
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The costs of using a skimmer system are similar, or occasionally less, than 
a conventional rock outlet or perforated riser.  However, the basin is more 
efficient in removing sediment.  Another advantage of the skimmer is that it 
can be reused on future projects.  The main disadvantage of the skimmer is 
that it does require frequent maintenance, primarily in removing debris from 
the inlet.  

A skimmer must dewater the basin from the top of the water surface.  The rate 
of dewatering must be controlled.    A dewatering time of 24 to 72 hours is 
required.  Any skimmer design that dewaters from the surface at a con-
trolled rate is acceptable.  

figure 6.64a Schematic of a skimmer, from Pennsylvania Erosion and Sediment Pollution Control Manual, 
March, 2000.  

6.64.2 Rev. 6/06
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Practice Standards and Specifications

SKIMMER ORIFICE DIAMETER
In order to streamline the orifice sizing procedure, Figure 6.64b, may be 
used. This design chart assumes the designer knows or has determined the 
sedimentation basin’s water storage volume in cubic feet and the desired 
dewatering time (in days) for the basin under consideration. The skimmer 
orifice size (in inches) can be read by entering Figure 6.64b from the x-axis 
with the basin’s water storage volume (in cubic feet), moving vertically to the 
line that represents the basin’s desired dewatering time (in days), then moving 
to the left to the y-axis.

DESIGN EXAMPLE
Example: The design professional in charge of designing the sedimentation 
basin for a 10-acre construction site desires to use a skimmer to control 
dewatering of a sedimentation basin.  The sedimentation basin for a 10-acre 
disturbed area requires a water storage volume of 18,000 cubic feet. The 
desired dewatering time is 1-3 days.  

Solution:  Using the water storage volume of 18,000 cubic feet and the 1-3 
day dewatering time on Figure 6.64b, a 2-inch orifice diameter is required.  
(Adapted from Proper Sizing of the Control Orifice for the Faircloth Skimmer.  
Pennsylvania State University Department of Agricultural and Biological 
Engineering Fact Sheet #252.)
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Design Criteria Summary:                                  

Primary Spillway:     
                   
Maximum Drainage Area:           
Minimum Volume:                        
Minimum Surface Area:              
Minimum L/W Ratio: 
Maximum L/W Ratio:                                  
Minimum  Depth: 
Dewatering Mechanism:   
Minimum Dewatering Time:       
Baffles Required:

Skimmer Sediment Basin
Trapezoidal spillway with impermeable 
membrane
10 acres
1800 cubic feet per acre of disturbed area
325 square feet per cfs of Q10 peak inflow
2:1
6:1
2 feet
Skimmer
24 hours
3 baffles

Drainage areas—Limit drainage areas to 10 acres.

Design basin life—Ensure a design basin life of 3 years or less.

Dam height—Limit dam height to 5 feet.  

Basin locations—Select areas that:

• Provide capacity for storage of sediment from as much of the planned 
disturbed area as practical;

• Exclude runoff from undisturbed areas where practical;

• Provide access for sediment removal throughout the life of the project;

• Interfere minimally with construction activities.

Basin shape—Ensure that the flow length to basin width ratio is at least 2:1 
to improve trapping efficiency.  Length is measured at the elevation of the 
principal spillway.

Storage volume—Ensure that the sediment storage volume of the basin, as 
measured to the elevation of the crest of the principal spillway, is at least 
1,800 cubic feet per acre for the disturbed area draining into the basin (1,800 
cubic feet is equivalent to half an inch of sediment per acre of basin disturbed 
area).

Remove sediment from the basin when approximately one-half of the storage 
volume has been filled.

Spillway capacity—The spillway system must carry the peak runoff from 
the 10-year storm with a minimum 1 foot of freeboard in the spillway.  Base 
runoff computations on the disturbed soil cover conditions expected during 
the effective life of the structure.

Sediment cleanout elevation—Determine the elevation at which the invert of 
the basin would be half-full.  This elevation should also be marked in the field 
with a permanent stake set at this ground elevation (not the top of the stake).
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Practice Standards and Specifications

Basin dewatering—The basin should be provided with a surface outlet.  A 
floating skimmer should be attached to a Schedule 40 PVC barrel pipe of the 
same diameter as the skimmer arm.  The orifice in the skimmer will control 
the rate of dewatering.  The skimmer should be sized to dewater the basin in 
24-72 hours (1-3 days).  

Outlet Protection—Discharge velocities must be within allowable limits for 
the receiving stream (References: Outlet Protection).

Basin spillway—Construct the entire flow area of the spillway in undisturbed 
soil if possible.  Make the cross section trapezoidal with side slopes of 3:1 or 
flatter.  

• Capacity—The minimum design capacity of the spillway must be the peak 
rate of runoff from the 10-year storm.  Maximum depth of flow during the 
peak runoff should be 6 inches.  In no case should the freeboard of the 
spillway be less than 1 foot above the design depth of flow.

• Velocity—Ensure that the velocity of flow discharged from the basin 
is nonerosive for the existing conditions.  When velocities exceed that 
allowable for the receiving areas, provide outlet protection (References: 
Outlet Protection).

Embankment—Ensure that embankments for skimmer sediment basins do 
not exceed 5 feet in height (measured at the center line from the original 
ground surface to the top of the embankment). Keep the crest of the spillway 
outlet a minimum of 1.5 feet below the top of the embankment.  Additional 
freeboard may be added to the embankment height which allows flow through 
a designated bypass location.  Construct embankments with a minimum 
top width of 5 feet and side slopes of 2:1 or flatter.  Machine compact the 
embankments.

Excavation—Where sediment pools are formed or enlarged by excavation, 
keep side slopes at 2:1 or flatter for safety.

Erosion protection—Stabilize all areas disturbed by construction (except 
the lower half of the sediment pool) by suitable means immediately after 
completing the basin (References: Surface Stabilization).

Trap efficiency—Improve sediment basin trapping efficiency by employing 
the following considerations in the basin design:

• Surface area—In the design of the settling pond, allow the largest surface 
area possible. 

• Length—Maximize the length-to-width ratio of the basin to prevent short 
circuiting, and ensure use of the entire design settling area.

• Baffles—Provide a minimum of three porous baffles to evenly distribute 
flow across the basin and reduce turbulence.

• Inlets—Area between the sediment inlets and the basin should be stabilized 
by geotextile material, with or without rocks (Figure 6.64c shows the area 
with rocks).  The inlet to basin should be located the greatest distance 
possible from the principal spillway. 
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 • Dewatering—Allow the maximum reasonable detention period before the 

basin is completely dewatered (at least 24 hours).

• Inflow rate—Reduce the inflow velocity and divert all sediment-free 
runoff.

figure 6.64c  Example of a sediment basin with a skimmer outlet and emergency spillway.  From Pennsylvania 
Erosion and Sediment Pollution Control Manual, March, 2000.
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Practice Standards and Specifications

Construction
Specifications

1.  Clear, grub, and strip the area under the embankment of all vegetation and 
root mat.  Remove all surface soil containing high amounts of organic matter 
and stockpile or dispose of it properly.  Haul all objectionable material to the 
designated disposal area.  Place temporary sediment control measures below 
basin as needed

2. Ensure that fill material for the embankment is free of roots, woody 
vegetation, organic matter, and other objectionable material.  Place the fill in 
lifts not to exceed 9 inches, and machine compact it.  Over fill the embankment 
6 inches to allow for settlement.

3.  Shape the basin to the specified dimensions.  Prevent the skimming device 
from settling into the mud by excavating a shallow pit under the skimmer or 
providing a low support under the skimmer of stone or timber.  

4.  Place the barrel (typically 4-inch Schedule 40 PVC pipe) on a firm, smooth 
foundation of impervious soil.  Do not use pervious material such as sand, 
gravel, or crushed stone as backfill around the pipe.  Place the fill material 
around the pipe spillway in 4-inch layers and compact it under and around 
the pipe to at least the same density as the adjacent embankment.  Care must 
be taken not to raise the pipe from the firm contact with its foundation when 
compacting under the pipe haunches.

Place a minimum depth of 2 feet of compacted backfill over the pipe spillway 
before crossing it with construction equipment.   In no case should the pipe 
conduit be installed by cutting a trench through the dam after the embankment 
is complete.

5.  Assemble the skimmer following the manufacturers instructions, or as 
designed.

6.  Lay the assembled skimmer on the bottom of the basin with the flexible 
joint at the inlet of the barrel pipe.  Attach the flexible joint to the barrel pipe 
and position the skimmer over the excavated pit or support.  Be sure to attach 
a rope to the skimmer and anchor it to the side of the basin.  This will be used 
to pull the skimmer to the side for maintenance.  

7.  Earthen spillways—Install the spillway in undisturbed soil to the greatest 
extent possible.  The achievement of planned elevations, grade, design width, 
and entrance and exit channel slopes are critical to the successful operation 
of the spillway.  The spillway should be lined with laminated plastic or 
impermeable geotextile fabric.  The fabric must be wide and long enough to 
cover the bottom and sides and extend onto the top of the dam for anchoring 
in a trench. The edges may be secured with 8-inch staples or pins. The fabric 
must be long enough to extend down the slope and exit onto stable ground.  
The width of the fabric must be one piece, not joined or spliced; otherwise 
water can get under the fabric. If the length of the fabric is insufficient for the 
entire length of the spillway, multiple sections, spanning the complete width, 
may be used.  The upper section(s) should overlap the lower section(s) so 
that water cannot flow under the fabric.  Secure the upper edge and sides 
of the fabric in a trench with staples or pins. (Adapted from “A Manual for 
Designing, Installing and Maintaining Skimmer Sediment Basins.”  February, 
1999.  J. W. Faircloth & Son.).

8.   Inlets—Discharge water into the basin in a manner to prevent erosion.  Use 
temporary slope drains or diversions with outlet protection to divert sediment-
laden water to the upper end of the pool area to improve basin trap efficiency 
(References: Runoff Control Measures and Outlet Protection).
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9.  Erosion control—Construct the structure so that the disturbed area is 
minimized.  Divert surface water away from bare areas.  Complete the 
embankment before the area is cleared.  Stabilize the emergency spillway 
embankment and all other disturbed areas above the crest of the principal 
spillway immediately after construction (References: Surface Stabilization).

10.  Install porous baffles as specified in Practice 6.65, Porous Baffles.

11.  After all the sediment-producing areas have been permanently stabilized, 
remove the structure and all the unstable sediment.   Smooth the area to 
blend with the adjoining areas and stabilize properly (References: Surface 
Stabilization).

Maintenance Inspect skimmer sediment basins at least weekly and after each significant 
(one-half inch or greater) rainfall event and repair immediately.  Remove 
sediment and restore the basin to its original dimensions when sediment 
accumulates to one-half the height of the first baffle.  Pull the skimmer to 
one side so that the sediment underneath it can be excavated.  Excavate the 
sediment from the entire basin, not just around the skimmer or the first cell.  
Make sure vegetation growing in the bottom of the basin does not hold down 
the skimmer.

Repair the baffles if they are damaged.  Re-anchor the baffles if water is 
flowing underneath or around them.  

If the skimmer is clogged with trash and there is water in the basin, usually 
jerking on the rope will make the skimmer bob up and down and dislodge 
the debris and restore flow.  If this does not work, pull the skimmer over to 
the side of the basin and remove the debris.  Also check the orifice inside the 
skimmer to see if it is clogged; if so remove the debris.  

If the skimmer arm or barrel pipe is clogged, the orifice can be removed and 
the obstruction cleared with a plumber’s snake or by flushing with water.  Be 
sure and replace the orifice before repositioning the skimmer.

Check the fabric lined spillway for damage and make any required repairs 
with fabric that spans the full width of the spillway.  Check the embankment, 
spillways, and outlet for erosion damage, and inspect the embankment for 
piping and settlement.  Make all necessary repairs immediately.  Remove all 
trash and other debris from the skimmer and pool areas.

Freezing weather can result in ice forming in the basin.  Some special 
precautions should be taken in the winter to prevent the skimmer from 
plugging with ice. 
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Practice Standards and Specifications

Reference Jarrett, A. R.  Proper Sizing of the Control Orifice for the Faircloth Skimmer.  
Pennsylvania State University Department of Agricultural and Biological 
Engineering Fact Sheet #252.
http://www.age.psu.edu/extension/factsheets/f/F252.pdf

Jarrett, A. R.  Controlling the Dewatering of Sedimentation Basins.  Pennsy-
lvania State University Department of Agricultural and Biological Engine-
ering Fact Sheet #253.  
http://www.age.psu.edu/extension/factsheets/f/F253.pdf

Erosion and Sediment Pollution Control Manual, March, 2000. Common-
wealth of Pennsylvania Dept. of Environmental Protection, Office of Water
Management, Document #363-2134-008. 
http://www.co.centre.pa.us/conservation/esmanual.pdf.

McLaughlin, Richard. SoilFacts:  Dewatering Sediment Basins Using Surface
Outlets.   N. C. State University, Soil Science Department.

A Manual for Designing, Installing and Maintaining Skimmer Sediment
Basins.  February, 1999.  J. W. Faircloth & Son.  

Surface Stabilization
6.10, Temporary Seeding
6.11, Permanent Seeding
6.12, Sodding
6.13, Trees, Shrubs, Vines, and Ground Covers

Runoff Control Measures
6.20, Temporary Diversions
6.21, Permanent Diversions
6.22, Perimeter Dike

Outlet Protection
6.41, Outlet Stabilization Structure

Sediment Traps and Barriers
6.65, Porous Baffles

Appendices
8.03, Estimating Runoff
8.07, Sediment Basin Design
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Practice Standards and Specifications

Definition Porous barriers installed inside a temporary sediment trap, rock dam, skimmer 
basin, or sediment basin to reduce the velocity and turbulence of the water 
flowing through the measure, and facilitate the settling of sediment from the 
water before discharge.

Purpose Sediment traps and basins are designed to temporarily pool runoff water to 
allow sediment to settle before the water is discharged.  Unfortunately, they 
are usually not very efficient due to high turbulence and “short-circuiting” 
flows which take runoff quickly to the outlet with little interaction with most 
of the basin.  Baffles improve the rate of sediment retention by distributing the 
flow and reducing turbulence.  This process can improve sediment retention.

Conditions Where 
Practice Applies

This practice should be used in any temporary sediment trap, rock dam, 
skimmer basin or temporary sediment basin.

Planning 
Considerations

Porous baffles effectively spread the flow across the entire width of a sediment 
basin or trap.  Water flows through the baffle material, but is slowed sufficiently 
to back up the flow, causing it to spread across the entire width of the baffle 
(Figure 6.65a).

Spreading the flow in this manner utilizes the full cross section of the basin, 
which in turns reduces flow rates or velocity as much as possible.  In addition, 
the turbulence is also greatly reduced.  The combination increases sediment 
deposition and retention and also decreases the particle size of sediment 
captured.

The installation should be similar to a sediment fence (Figure 6.65b).  Materials 
such as 700 g/m2 coir erosion blanket (Figure 6.65d), coir mesh, or tree 
protection fence folded over to reduce pore size have been used successfully.  
Other similar materials could work as well.   A support wire or rope across the 
top will help prevent excessive sagging if the material is attached to it with 
appropriate ties.  Another option is to use a sawhorse type of support with the 
legs stabilized with rebar inserted into the basin floor.  These structures work 
well and can be prefabricated off site and quickly installed.  Another baffle 
system involves placing silt fence fabric in front of a wire fence (hog wire) 
backing, and slitting the fabric in alternating squares (Figure 6.65b).  This 
permits flow through the silt fence similar to more porous materials.

6.65 baffLES
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Baffles need to be installed correctly in order fully provide their benefits.  
Refer to Figure 6.65b and the following key points:

• The baffle material needs to be secured at the bottom and sides using 
staples or by trenching as for silt fence.

• Most of the sediment will accumulate in the first bay, so this should be 
readily accessible for maintenance.

figure 6.65a  Porous baffles in a sediment basin.  The flow is distributed evenly across the basin to reduce 
flow rates and turbulence, resulting in greater sediment retention.

figure 6.65b  Cross-section of a porous baffle in a sediment basin.  Note that there is no weir because the water 
flows through the baffle material.

6.65.2 Rev. 6/06
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Practice Standards and Specifications
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Design Criteria The temporary sediment trap, rock dam, or temporary sediment basin should 
be sized using the appropriate design criteria.

The percent of surface area for each section of the baffle are as follows: 

• inlet zone: 35%

• first cell: 25%

• second cell: 25%

• outlet zone: 15%

• Basins less that 20 feet in length may use 2 baffles that divide the basin 
into thirds. 

Be sure to construct baffles up the sides of the trap or basin banks so water 
does not flow around the structures.  Most of the sediment will be captured in 
the inlet zone.  Smaller particle size sediments are captured in the latter cells.  
Be sure to maintain access to the trap for maintenance and sediment removal.

The design life of the fabric is 6-12 months, but may need to be replaced more 
often if damaged or clogged.

figure 6.65d  Example of porous baffles made of 700 g/m2 coir erosion blanket as viewed from the inlet.
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Practice Standards and Specifications

Construction 
Specification

1.  Grade the basin so that the bottom is level front to back and side to side.

2.  Install posts or saw horses across the width of the sediment trap (Practice 
6.62, Sediment Fence).  

3.  Steel posts should be driven to a depth of 24 inches, spaced a maximum 
of 4 feet apart, and installed up the sides of the basin as well.  The top of the 
fabric should be 6 inches higher than the invert of the spillway.  Tops of baffles 
should be 2 inches lower than the top of the berms.

4.  Install at least three rows of baffles between the inlet and outlet discharge 
point.  Basins less than 20 feet in length may use 2 baffles.

5.  When using posts, add a support wire or rope across the top of the measure 
to prevent sagging.

6.  Wrap porous material, like jute backed by coir material, over a sawhorse or 
the top wire.  Hammer rebar into the sawhorse legs for anchoring.  The fabric 
should have five to ten percent openings in the weave.  Attach fabric to a rope 
and a support structure with zip ties, wire, or staples.

7.  The bottom and sides of the fabric should be anchored in a trench or pinned 
with 8-inch erosion control matting staples.

8.  Do not splice the fabric, but use a continuous piece across the basin.

Maintenance Inspect baffles at least once a week and after each rainfall.  Make any required 
repairs immediately.

Be sure to maintain access to the baffles.  Should the fabric of a baffle collapse, 
tear, decompose, or become ineffective, replace it promptly.  

Remove sediment deposits when it reaches half full to provide adequate 
storage volume for the next rain and to reduce pressure on the baffles.  Take 
care to avoid damaging the baffles during cleanout.  Sediment depth should 
never exceed half the designed storage depth.

After the contributing drainage area has been properly stabilized, remove all 
baffle materials and unstable sediment deposits, bring the area to grade, and 
stabilize it.

References Sediment Traps and Barriers
6.60 Temporary Sediment Trap
6.61 Sediment Basins
6.62 Sediment Fence
6.63 Rock Dams
6.64 Skimmer Sediment Basin

McLaughlin, Richard, “SoilFacts: Baffles to Improve Sediment Basins.”  N. 
C. State University Cooperative Extension Service Fact Sheet AGW-439-59, 
2005.   

Sullivan, Brian.  City of High Point Erosion Control Specifications.

Thaxton, C. S., J. Calantoni, and R. A. McLaughlin.  2004.  Hydrodynamic 
assessment of various types of baffles in a sediment detention pond. 
Transactions of the ASAE. Vol. 47(3): 741-749.
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Practice Standards and Specifications

Definition A bridge, ford or temporary structure installed across a stream or watercourse 
for short-term use by construction vehicles or heavy equipment.

Purpose To provide a means for construction vehicles to cross streams or watercourses 
without moving sediment into streams, damaging the streambed or channel, 
or causing flooding.

Conditions Where 
Practice Applies

Where heavy equipment must be moved from one side of a stream channel 
to another, or where light-duty construction vehicles must cross the stream 
channel frequently for a short period of time.

Planning 
Considerations

Careful planning can minimize the need for stream crossings.  Try to avoid 
crossing streams.  Whenever possible, complete the development separately 
on each side and leave a natural buffer zone along the stream.  Temporary 
stream crossings  can be a direct source of water pollution; they may create 
flooding and safety hazards; they can be expensive to construct; and they can 
cause costly construction delays if washed out.

Both fords and culverts may involve placing fill in an intermittent or periennial 
stream or wetland.  The need for permits from the U.S. Army Corps of 
Engineers or the N. C. Division of Water Quality should be determined when 
planning the project.

Select locations for stream crossings where erosion potential is low.  Evaluate 
stream channel conditions, overflow areas, and surface runoff control at the 
site before choosing the type of crossing.  When practical, locate and design 
temporary stream crossings to serve as permanent crossings to keep stream 
disturbance to a minimum.

Plan stream crossings in advance of need and, when possible, construct them 
during dry periods to minimize stream disturbance and reduce cost.  Ensure 
that all necessary materials and equipment are on-site before any work is 
begun.  Complete construction in an expedient manner, and stabilize the area 
immediately.

Often stream crossings are provided in conjunction with operations in a 
natural watercourse.  Land disturbing activity in connection with construction 
in, on, over, or under a lake or natural watercourse shall minimize the extent 
and duration of disruption of the stream channel.  Where relocation of a 
stream forms an essential part of the proposed activity, the relocation shall 
minimize unnecessary changes in the stream flow characteristics.  Pumping 
or diverting stream flow around a work area is often the best way to minimize 
the disruption of the stream channel.  Any diversions should be stabilized with 
adequate geotextile fabric or stone.

After the bypass is completed and stable, the stream may be diverted (Practice 
6.15, Riprap). Small stream flows may be diverted around work areas with a 
coffer dam and pump instead of construction of a bypass channel.

TEmpORaRy STREam CROSSINg6.70
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Unlike permanent stream crossings, temporary stream crossings may be al-
lowed to overtop during peak storm periods.  However, the structure and ap-
proaches should remain stable.  Keep any fill needed in flood plains to a mini-
mum to prevent upstream flooding and reduce erosion potential.  Use riprap to 
protect locations subject to erosion from overflow. 

If permanent utility crossings are planned, stream crossings may be located at 
these locations to minimize stream impacts.

Stream crossings are of the three general types: bridges, culverts, and fords.  
Consider which method best suits the specific site conditions.

Bridges—Where available materials and designs are adequate to bear the ex-
pected loadings, bridges are preferred for temporary stream crossing.

Bridges usually cause the least disturbance to the stream bed, banks, and sur-
rounding area.  They provide the least obstruction to flow and fish migra-
tion.  They generally require little maintenance, can be designed to fit most 
site conditions, and can be easily removed and materials salvaged.  However, 
bridges are generally the most expensive to design and construct.  Further, 
they may offer the greatest safety hazard if not adequately designed, installed, 
and maintained, and if washed out, they cause a longer construction delay and 
are more costly to repair.

In steep watersheds it is recommended to tie a cable or chain to one corner of 
the bridge frame with the other end secured to a large tree or other substantial 
object.  This will prevent flood flows from carrying the bridge downstream 
where it may cause damage to other property.

Culvert crossings—Culverts are the most common stream crossings.  In many 
cases, they are the least costly to install, can safely support heavy loads, and 
are adaptable to most site conditions.  Construction materials are readily avail-
able and can be salvaged.  However, the installation and removal of culverts 
causes considerable disturbance to the stream and surrounding area.  Culverts 
also offer the greatest obstruction to flood flows and are subject, therefore, 
to blockage and washout.  Clean stone should be used for back fill around 
culverts

Culverts should be used when vehicles will make repeated trips across the 
stream during construction, or track mud into the stream.

Fords—Fords, made of stabilization material such as rock, are often used in 
steep areas subject to flash flooding, where normal flow is shallow (less than 
3 inches deep) or intermittent.  Fords should only be used where crossings are 
infrequent.  Fords are especially adapted for crossing wide, shallow water-
courses (Figure 6.70a).

6.70.2 Rev. 6/06



Practice Standards and Specifications

When properly installed, fords offer little or no obstruction to flow, can safely 
handle heavy loadings, are relatively easy to install and maintain, and in most 
cases, may be left in place at the end of the construction.

Problems associated with fords include the following:  

1. Approach sections are subject to erosion.  Generally, do not use fords 
where the bank height exceeds 5 feet.  

2. Excavation for the installation of the riprap-gravel bottom and filter 
material causes major stream disturbance.  In some cases, fords may be 
adequately constructed by shallow filling without excavation.  

3. The stabilizing material is subject to washing out during storm flows and 
may require replacement.  

4. Mud and other contaminants are brought directly into the stream on 
vehicles unless crossings are limited to no flow conditions.

Rev. 6/06 6.70.3

Surface Flow 
Diversions

Stream Channel

5’ max bank 
height

Stone over 
geotextile 

fabric

Stone approach section 
5:1 max, slope on road

Surface Flow 
Diversion

Clean Stone Geotextile 
Fabric

Original 
Streambank

figure 6.70a A well constructed ford offers little obstruction to flow while safely handling heavy loading.
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figure 6.70b  Temporary culvert backfilled with stone. 
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Permitting requirements from the U.S. Army Corps of Engineers and the NC 
Division of Water Quality should be determined for stream crossings.  Permit 
conditions may require that pipes be buried below stream bottom elevation.

Small stream flows may be diverted around work areas with a cofferdam and 
pump instead of construction of a bypass channel.

If permanent utility crossings are planned, stream crossings may be located at 
these locations to minimize stream impacts.

Design Criteria In addition to erosion and sedimentation control, structural stability, utility, 
and safety must also be taken into consideration when designing temporary 
stream crossings.  Bridge designs, in particular, should be undertaken by a 
qualified engineer.

• The anticipated life of a temporary stream crossing structure is usually 
considered to be 1 year or less.  Remove the structure immediately after it 
is no longer needed.

• As a minimum, design the structure to pass bankfull flow or peak flow, 
whichever is less, from a 2-year peak storm, without over topping.  Ensure 
that no erosion will result from the 10-year peak storm.

• Ensure that design flow velocity at the outlet of the crossing structure 
is non-erosive for the receiving stream channel (References: Outlet 
Protection).

• Consider overflow for storms larger than the design storm, and provide a 
protected overflow area.

• Design erosion control practices associated with the stream crossing to 
control erosion from surface runoff at the crossing and during a 10-year 
peak storm runoff.

Construction 
Specifications

1. Keep clearing and excavation of the stream banks and bed and approach 
sections to a minimum.

2. Divert all surface water from the construction site onto undisturbed areas 
adjoining the stream.  

3. Keep stream crossings at right angles to the stream flow.

4. Align road approaches with the center line of the crossing for a minimum 
distance of 30 feet.  Raise bridge abutments and culvert fills a minimum of 1 
foot above the adjoining approach sections to prevent erosion from surface 
runoff and to allow flood flows to pass around the structure.  

5. Stabilize all disturbed areas subject to flowing water, including planned 
overflow areas, with riprap or other suitable means if design velocity exceeds 
the allowable for the in-place soil (Table 8.05a, Appendix 8.05).  

6. Ensure that bypass channels necessary to dewater the crossing site are 
stable before diverting the stream.  Upon completion of the crossing, fill, 
compact, and stabilize the bypass channel appropriately.  

7. Remove temporary stream crossings immediately when they are no longer 
needed.  Restore the stream channel to its original cross-section, and smooth 
and appropriately stabilize all disturbed areas.  

8. Any in-stream sediment control measures must be removed upon 
stabilization of the area.

Rev. 6/06 6.70.5
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Maintenance Inspect temporary stream crossings after runoff-producing rains to check for 
blockage in channel, erosion of abutments, channel scour, riprap displacement, 
or piping.  Make all repairs immediately to prevent further damage to the 
installation.

References Surface Stabilization
6.15, Riprap

Outlet Protection
6.41, Outlet Stabilization Structure

Appendices
8.05, Design of Stable Channels and Diversions
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Definition A structure installed across a stream or watercourse.

Purpose To provide a suitable means for construction and post-construction traffic to 
cross a watercourse.

Planning
Considerations

Planning considerations for permanent stream crossings are essentially the 
same as for temporary stream crossings except the permanent stream crossings 
should not be subject to overflow.

Permanent stream crossing locations are selected primarily on flooding 
potential, traffic safety, and traffic patterns of the area served, but erosion and 
sediment control must also be considered.  To minimize flooding and erosion 
problems, locate permanent stream crossings in the higher, better drained 
sections of the stream reach whenever practical.

Where road water enters the stream, install permanent protection measures, 
such as paved flumes, concrete head walls, riprap outlet structures, or stabilized 
pipe drops, to prevent erosion (Figure 6.71a).  During installation of the 
crossing, locate sedimentation control measures to protect the stream.  Protect 
the stream section at the crossing from erosion from flood flow velocities by 
using paving or properly designed riprap (References: Outlet Protection).

6.71
pERmaNENT STREam CROSSINg

 6.71.1
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6.71.2

Design Criteria  Design permanent stream crossings in accordance with N.C. Department of 
Transportation standards and specifications, considering maximum loadings 
anticipated, safety, flow capacities, and other requirements for DOT installation 
approval.  The local DOT can provide necessary guidance.

Minimum design criteria for erosion control are:

• Ensure that the 10-year peak flow velocity at the stream crossing outlet is 
nonerosive to the receiving stream.

• Ensure that all permanent erosion control practices provide adequate 
protection for the 10-year peak storm runoff.

Construction
Specifications

1. Keep clearing and excavation of the stream banks and bed, and approach 
sections to a minimum.

2. Divert all surface water from the construction site onto undisturbed areas 
adjoining the stream.  Line unstable stream banks with riprap, or otherwise 
appropriately stabilize them.

3. Keep stream crossing at right angles to the stream flow.  This is particularly 
important when culverts are used.

4. Align road approaches with the center line of the crossing for a minimum 
distance of 30 feet.  Raise bridge abutments and culvert fills a minimum of 1 
foot above the adjoining approach sections to prevent erosion from surface 
runoff and to allow flood flows to pass around the structure.

5. Ensure that bypass channels, necessary to dewater the crossing site, are 
stable before diverting the stream.  Upon completion of the crossing, fill, 
compact, and stabilize the bypass channel appropriately.

6. Install protective ground covers to provide permanent erosion protection 
and improve visual quality, but not interfere with driver line of sight from the 
roadway.

7. Ensure that permanent measures needed to control erosion from road water 
runoff (such as riprap and paved channels, paved flumes, or riprap outlet 
protection) meet all construction requirements for those practices.

Maintenance Inspect permanent stream crossings periodically and after major storms to 
check for channel blockage, erosion of abutments, channel degradation, riprap 
displacement, slope failure, and piping.  Make all needed repairs immediately 
to prevent further damage to the installation.

References Surface Stabilization 
6.11, Permanent Seeding 
6.13, Trees, Shrubs, Vines, and Ground Covers 
6.15, Riprap

Runoff Control Measures 
6.21, Permanent Diversions



Practice Standards and Specifications

 6.71.3

Runoff Conveyance Measures 
6.31, Riprap-lined Channels 
6.33, Paved Flume

Outlet Protection 
6.41, Outlet Stabilization Structure



6

6.71.4



Practice Standards and Specifications

6.72

6.72.1

Definition Stabilization and protection of eroding streambanks with selected vegetation.

Purpose To protect streambanks from the erosive forces of flowing water and provide 
a natural, pleasing appearance.

Conditions Where 
Practice Applies

Sections of streambank subject to erosion from excess runoff.  This practice is 
generally applicable where bankfull flow velocity does not exceed 6 ft/sec and 
soils are erosion resistant.  Above 6 ft/sec, structural measures are generally 
required.

Planning
Considerations

Upstream development accelerates streambank erosion by increasing the 
frequency and duration of bankfull flow.  Most natural stream channels in 
North Carolina have bankful capacity sufficient for runoff from a 1 to 2-yr 
recurrence interval storm.  However, in urbanizing watersheds, bankful flow 
occurs more frequently, eroding streambanks that were previously stable.

Streambanks may be stabilized by vegetation, by structural means, or by 
combinations of vegetative and structural measures.  Vegetative measures are 
generally preferred because vegetation provides habitat for fish and wildlife 
and is aesthetically pleasing.  Natural plant communities that are adapted to 
the site provide a self-maintaining cover that is less expensive than structural 
alternatives.  Planting vegetation is also less damaging to the environment 
than installing structures.  Therefore, vegetation should always be considered 
first.

Plants provide erosion protection by:

• reducing stream velocity,

• binding soil in place with a root mat,

• covering the soil surface when high flows tend to flatten vegetation against 
the banks.

One disadvantage of vegetation is that it lowers the carrying capacity of the 
channel which may cause flooding.  Therefore, maintenance needs and the 
consequences of flooding should be considered:

Evaluate erosion potential of the stream to determine the best alternative 
solutions, considering:

• frequency of bankfull flow based on anticipated watershed development,

• channel slope and flow velocity, by design reaches,

• soil conditions,

• present and anticipated channel “n” values,

• channel bends and bank conditions, and

• identification of stable areas and trouble spots.  (Steep channel reaches, 
high erosive banks and sharp bends may require structural stabilization 
measures such as riprap, while the remainder of the streambank may 
require only vegetation).

vEgETaTIvE STREambaNk STabILIzaTION



6.72.2

6
Where streambank stabilization is critical, and velocities appear too high for 
vegetation,  use structural measures (Practice 6.73, Structural Streambank 
Stabilization).

Consider the natural zones of a streambank community, illustrated in Figure 
6.72a, when selecting plant species.  Zones are distinguished by site conditions 
such as bank shape and steepness and by variations in water depth, duration 
of flow, and flow rate.

The following zonation is a guide for locating plant groups for successful 
establishment:

Aquatic plant zone—This zone is normally submerged and is inhabited by 
plants such as pondweeds and water lilies.

Reed-bank zone—The lower part of this zone is generally submerged for 
about half the time and is inhabited by rushes, reed grasses, cattails, and other 
water plants.
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Shrub zone—This zone is flooded only when flow exceeds the average 
high water level.  The shrub zone is inhabited by trees and shrubs with high 
regenerative capacity, such as willow, alder, dogwood, and viburnum.  Shrub 
zone vegetation is recommended for the impact bank of a stream meander, 
where maximum scouring occurs.  Infringement of shrub vegetation into 
the channel reduces channel capacity, however, increasing the frequency of 
floods.

Tree zone—This zone is flooded only during periods of very high water (i.e., 
the 2-yr peak flow or greater.)

Design Criteria Table 6.72a provides general guidelines for maximum allowable velocities in 
streams to be protected by vegetation.

1. Ensure that channel bottoms are stable before stabilizing channel banks.

2. Keep velocities at bankful flow nonerosive for the site conditions.

3. Provide mechanical protection such as riprap on the outside of channel 
bends if bankful stream velocities approach the maximum allowable for site 
conditions.

Table 6.72a
Conditions where vegetative Streambank Stabilization is acceptable

frequency
of bankfull flow

> 4 times/yr
1 to 4 times/yr

< 1 time/yr

max. allowable velocity
for Highly Erodible Soil

4 ft/sec
5 ft/sec
6 ft/sec

max. allowable velocity
for Erosion Resistant Soil

5 ft/sec
6 ft/sec
6 ft/sec

Construction
Specifications

Construction guidelines cover only the reed-bank and shrub zones.  The aquatic 
plant zone is difficult to establish artificially and becomes established naturally 
when reed-bank vegetation is present.  The tree zone is seldom flooded and 
rarely needs stabilization once the reed-bank and shrub zones are stabilized.

REED-BANK VEGETATION
The following grasses are recommended in North Carolina:

Halifax maiden cane (Panicum hemitomon)
Common reed (Phragmites communis)
Reed canarygrass (Phalaris arundinacea)

Common reed is a very robust plant whose stems become woody in autumn, 
resulting in continued protection during the winter.  Because the shoots and 
rhizomes are deeply and strongly rooted and densely intertwined, they bind soil 
more firmly than any other reed varieties.  However, the common reed grows 
high and thick, and periodic maintenance may be needed in order to achieve a 
neat appearance.  Dense growth may also increase the frequency of flooding.
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There are various ways of planting reed-bank vegetation (Figure 6.72b).

Planting in clumps—The oldest and most common method of planting reeds 
is planting in clumps.  Cut stems of the reed colony to several inches.  Dig 
clumps out of the ground and place in holes prepared in advance in the area to 
be stabilized.  Plant clumps at a depth where they will be normally submerged 
to a maximum of two-thirds their height.

Planting rhizomes and shoots—Less material is needed for planting of 
rhizomes and shoots.  Slips of Halifax maiden cane, common reed, and reed 
canarygrass can be taken from existing beds during the dormant season, after 
cutting the stems.  Carefully remove rhizomes and sprouts from the earth 
without bruising the buds or the tips of the sprouts.  Place in holes or narrow 
trenches at the average summer water level, so that only sprouts are showing 
above the soil.

Planting stem slips—It is possible to plant stem slips of common reed along 
slow moving streams.  With a dibble bar or some other planting tool, set three 
slips in holes approximately 12 inches deep and 1 ft apart.

Reed rolls—Along flowering streams, reed rolls are the most effective method 
of establishing reed-bank vegetation.  Plants are placed in rolls 1 ft apart.  Dig 
a trench 18 inches wide and 12 inches deep, parallel to the stream.  It may 
be necessary to place planks braced with planks along the sides of the trench 
to keep it open.  Place wire netting, such as 1/2-inch hardware cloth or filter 
fabric, across the bottom and up both sides of the trench between the upright 
planks.  Onto this netting dump fill material, such as coarse gravel, sod, soil, 
and planting medium.

6.72.4
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Fill trench until the two edges of the wire netting or filter fabric can just be 
held together with wire.  Keep the upper edge of the roll no more than 2 inches 
above the level of the water.  Remove the planks, and fill any gaps along the 
sides of the roll with earth.  This method provides greater protection from 
heavy flows that would wash vegetation away before it becomes established.

Seeding—Reed canarygrass can be sown 1/4 to 1/2-inch deep, on very damp 
soil banks, provided the seeded surface will not be flooded for 6 months after 
sowing.  Seed at a rate of 12-14 lb/acre.  Keep a light mulch held tightly 
in place the help prevent the seed from being washed away.  Because reed 
canarygrass is a cool-season grass, do not seed it in the summer.

Vegetation and stone facing—Reed-bank vegetation can be combined with 
riprap or other stone facing by planting clumps, rhizomes, or stems in the 
crevices and gaps along the line of the average summer water level.

SHRUB ZONE VEGETATION
For this zone, shrubs provide much better protection than do trees or other 
vegetation.  However, if the stream is small, banks are not seriously eroded, and 
a good seedbed can be prepared, grasses alone may be sufficient.  Use shrubs 
that are well-adapted to the stream and site conditions: for example, Banker’s 
dwarf willow is very effective in both the Piedmont and the Mountains.

Seeding and sodding—To seed the shrub zone with grasses, first grade eroded 
streambanks to a maximum slope of 2:1 (3:1 preferred).  Retain existing trees 
greater than 2 inches in diameter wherever practical.  Use sod in locations 
where velocities are likely to approach the limit for grass.  Use grasses only 
where they will provide adequate protection, necessary maintenance can be 
provided, and establishment of other streambank vegetation is not practical or 
suitable for specific site conditions (References: Surface Stabilization).

Roughen seedbed and lime fertilize according to soil test results, or apply 
2,800 lb/acre of 10-10-10 fertilizer and 2 tons/acre lime.  A typical grass 
seeding mixture is shown in Table 6.72b.  Broadcast seed, cover lightly and 
mulch with 2 tons/acre (2 bales per 1,000 square ft) grain straw or 1,500 lb/
acre wood fiber mulch.  Tie mulch in place (Practice 6.14, Mulching).  As an 
alternative to mulching, install a protective erosion control blanket such as a 
geotextile fabric.

Table 6.72b
Seed mixture for

Streambank Stabilization

Species Rate

Kentucky-31 tall fescue
Creeping red fescue
Redtop

30 lb/acre
15 lb/acre

5 lb/acre

Planting cuttings and seedlings—Banker’s dwarf willow, Streamco 
purpleosier willow, shrub dogwoods, and alders can be put into the soil either 
as cuttings or as nursery-grown seedlings.  In dense shade, shrubs such as 
silky dogwood or evergreen ground covers such as Hall’s honeysuckle are 
appropriate.  Silky dogwood also does well in sunny areas.  On large stream, 
Streamco purpleosier willow and Banker’s dwarf willow have been used with 
good results.  Willows can be planted as 1-yr old nursery-grown rooted cuttings 
or as fresh hardwood cuttings gathered from local mother-stock plantings.  Silky

6.72.5
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dogwood and alders should be nursery-grown seedlings 1 to 2 years old.  Fresh 
willow cuttings should be 3/8 to 1/2 inch thick and 12 to 18 inches long.

Since plantings are generally not fully effective for three growing seasons, 
grasses should be seeded immediately before shrub planting to provide some 
initial streambank protection.

Where practical, grade eroded banks to 2:1 or flatter before planting because 
streambanks are difficult to plant, even when they are well-sloped.  This is 
especially true in gravelly or tight banks.  Where mattocks or shovels are 
unsatisfactory, the best tool is a dibble bar, a heavy metal tool with a blade 
and a foot pedal.  The dibble bar is thrust into the ground to make a hole for 
the plant.

Plant cuttings and seedlings in early spring after high water subsides.  Install 
cuttings at a 45 to 60 degree angle in the direction of streamflow, with buds 
pointing upward, and about 2 inches of wood showing above the ground level.  
Plant nursery-grown seedlings in holes large enough to accommodate all the 
roots.  Tamp soil firmly around plants to eliminate air pockets.

Plant in Diamond pattern with 2-ft spacings.  Locate the first row 1 ft above 
the normal water line.  The number of rows will depend on slope length, but at 
least three rows should be planted—one at the top, middle, and bottom of the 
shrub zone.  Apply fertilizer when vegetative growth first appears, using 500 
lb/acre of 10-10-10 fertilizer (11.5 lb/1,000 ft2) or equivalent.

Willows and other softwoods may be bound together in various ways to 
provide some immediate protection of the streambank.

Fascine rolls—Fascine rolls are made of brushwood and sticks, without 
branches.  Place material on filter cloth sheets that are filled with coarse gravel, 
soil, and available organic material and tightly wired (Figure 6.72c).  Place 
bundles together in a trench 5 to 20 yards long and 6 to 12 inches deep.  Dig the 
trench just above the water level so that the plants can get moisture.  Covering 
with earth improves the contact with the ground and retards moisture loss.  
Fascine rolls may also be made of wire similar to reed rolls (Figure 6.72b).

Willow mattresses are made by interweaving willow branches.  Mattresses 
consist of 4-8 inch thick layers of growing branches held together by 
interweaving wire or other branches at intervals of 24 to 32 inches.  Lay 
mattresses perpendicular to the direction of the current or sloping slightly 
downstream, with the base end of the branches oriented downwards.  If several 
sections of mattress are necessary to cover the eroding slope, the tops of the 
lower layers should cover the bases of the upper layers.  Anchor the bottom 
mattress at the base in a trench previously dug on the low boundary of the 
shrub zone.  The whole mattress should be covered with 2 to 10 inches of 
earth or gravel.

Combination with stone facing—In many places, the bank is not adequately 
protected by vegetation until the roots are fully developed, and additional 
temporary protection must be provided.  There is a wide choice of methods and 
materials including the planting of woody plants in the crevices of stone facing.
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Maintenance Vegetated streambanks are always vulnerable to new damage, and repairs 
may be needed periodically.  Check banks after every high-water event, and 
fix gaps in the vegetative cover at once with structured materials or new 
plants, mulched if necessary.  Fresh cuttings from other plants on the bank 
may be used, or they can be taken from mother-stock plantings.  Apply a 
complete fertilizer annually at the rate of 500 lb/acre until the desired density 
of vegetation is reached.  Protect new plantings from grazing livestock or 
wildlife where this is a problem.

References Surface Stabilization 
6.11, Permanent Seeding 
6.12, Sodding 
6.14, Mulching

Stream Protection 
6.73, Structural Streambank Stabilization

Appendices 
8.03, Estimating Runoff 
8.05, Design of Stable Channels and Diversions
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Definition Stabilization of eroding streambanks by the use of designed structural 
measures.

Purpose To protect streambanks from the erosive forces of flowing water.

Conditions Where 
Practice Applies

Sections of streambank that are subject to erosion due to excessive runoff from 
construction activities.  Generally applicable where flow velocities exceed 6 
ft/sec or where vegetative streambank protection is inappropriate.

Planning
Considerations

Stream channel erosion problems vary widely in type and scale, and there 
is no one measure that works in all cases.  Stabilization structures should be 
planned and designed by an engineer with experience in this field.  Many of the 
practices discussed here involve the use of manufactured products and should 
be installed in accordance with the manufacturer’s specifications.  Where long 
reaches of stream channels require stabilization, make detailed stream studies.  
The Army Corps of Engineers publication—Waterways Experiment Station—
Streambank Protection Guidelines for Landowners and Local Government—
is a suitable reference for designing stabilization practices.

Before selecting a structural stabilization technique, the designer should 
carefully evaluate the possibility of using vegetative stabilization in conjunction 
with structural measures to achieve the desired protection.  Vegetative 
techniques are generally less costly and more compatible with natural stream 
characteristics.

Design Criteria Since each reach of channel requiring protection is unique, measures for 
structural streambank protection should be installed according to a plan based 
on specific site conditions.

Develop designs according to the following principles:

• Make protective measures compatible with other channel modifications 
planned or being carried out in other channel reaches.

• Use the minimum design velocity of the peak discharge of the 10-year 
storm.  Structural measures must be effective for this design flow and 
must be capable of withstanding greater flows without serious damage.

• Ensure that the channel bottom is stable or stabilized by structural means 
before installing any permanent bank protection.

• Ensure that streambank protection extends between stabilized or controlled 
points along the stream.

• Do not change channel alignment without a complete evaluation of 
the anticipated effect on the rest of the stream channel, especially 
downstream.

• Give special attention to maintaining and improving habitat for fish and 
wildlife.

6.73
STRUCTURaL STREambaNk STabILIzaTION
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• Ensure that all requirements of State law and all permit requirements of 
local, State and Federal agencies are met.

Construction
Specifications

MATERIALS
Riprap—Riprap is the most commonly used structural material for stabilizing 
streambanks.  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 below the stream channel bottom or below the 
anticipated depth of channel degradation.  Where necessary, riprap the 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 (Practice 
6.15, Riprap and 6.31, Riprap-lined Channels).

Gabions—These rectangular, rock-filled wire baskets are pervious, semi-
flexible building blocks that can be used to armor the bed and/or banks of 
channels or act as deflectors to divert flow away from eroding channel sections 
(Figure 6.73a).  Design and install gabions in accordance with manufacturer’s 
standards and specifications.

STRUCTURE
Reinforced concrete—May be used to armor eroding sections of the 
streambank by constructing retaining walls or bulk heads.  Provide positive 
drainage behind these structures.  Reinforced concrete may also be used as a 
channel lining for stream stabilization.
Grid pavers—Modular concrete units with interspersed void areas that can 
be used to armor the streambank while maintaining porosity and allowing 
the establishment of vegetation.  These structures may be obtained in precast 
blocks or mats that come in a variety of shapes (Figure 6.73b), or they may be 
formed and poured in place.  Keep design and installation in accordance with 
manufacturer’s instructions.

Revetment—Structural support or armoring to protect an embankment from 
erosion.  Riprap or gabions are commonly used.  Gabions may be either stacked 
or placed as a mattress.  Install revetment to a depth below the anticipated
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channel degradation and into the channel bed as necessary to provide stability 
(Figure 6.73c).

Stabilize all areas disturbed by construction as soon as the structural measures 
are complete.
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Maintenance Check stabilized streambank sections after every high-water event, and make 
any needed repairs immediately to prevent further damage.

References Surface Stabilization 
6.11, Permanent Seeding 
6.15, Riprap

Runoff Conveyance Measures 
6.31, Riprap-lined Channels



Practice Standards and Specifications

 6.73.5

Appendices 
8.03, Estimating Runoff 
8.05, Design of Stable Channels and Diversions

Army Corps of Engineers 
Waterways Experiment Station—Streambank Protection Guidelines for 
Landowners and Local Government
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Definition Buffer zone means the strip of land adjacent to a lake or natural water course 
(stream, river, swamp, canal, estuary, etc.). 

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

• filtering surface runoff and groundwater,

• filter dust from surrounding land-disturbing activities,

• taking up nutrients through vegetative roots, and 

• provide leaves and woody debris used for food and shelter by aquatic 
organisms.

Conditions Where 
Practice Applies

Protective buffers should be used for,

• perennial streams,

• intermittent streams,

• lakes, and ponds, natural or impounded, and

• any river, brook, swamp, sound, bay, creek run, branch, canal, waterway 
or estuary which could be damaged by sedimentation.

Plan designers and others involved in land-disturbing activites should check 
with local, state, and federal agencies about the assigned surface water 
classification for a water-body or stream on or adjacent to a property where 
land-disturbing activity is planned to take place, especially for Division of 
Water Quality (DWQ) classified trout waters (Tr).  To determine a North 
Carolina water-body and stream classification visit http://h2o.enr.state.nc.us/
bims/Reports/reportsWB.html.  

Planning 
Considerations

As stated in the Sedimentation Pollution Control Act of 1973 (As Amended 
through 2005)  § 113A-57(1) “No land-disturbing activity during periods 
of construction or improvement to land shall be permitted in proximity to a 
lake or natural watercourse unless a buffer zone is provided along the margin 
of the watercourse of sufficient width to confine visible siltation within the 
twenty-five percent (25%) of the buffer zone nearest the land-disturbing 
activity. Waters that have been classified as trout waters by the Environmental 
Management Commission shall have an undisturbed buffer zone 25 feet wide 
or of sufficient width to confine visible siltation within the twenty-five percent 
(25%) of the buffer zone nearest the land-disturbing activity, whichever is 
greater. Provided, however, that the Sedimentation Control Commission may 
approve plans which include land-disturbing activity along trout waters when 
the duration of said disturbance would be temporary and the extent of said 
disturbance would be minimal. This subdivision shall not apply to a land-
disturbing activity in connection with the construction of facilities to be located 
on, over, or under a lake or natural watercourse.”  Rule 15A NCAC 04B .0112 
requires that “Land-disturbing activity in connection with construction in, on, 
over, or under a lake or natural watercourse shall minimize the extent and 
duration of disruption of the stream channel.”  

bUffER zONES
6.74
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Width is a very important consideration in the overall effectiveness of buffers.  
The appropriate buffer width can vary depending on site conditions, soils, 
topography, hydrology, adjacent land use, and benefits one is trying to gain 
by installing a buffer.  Guidance is provided for determining the width of 
undisturbed vegetation zones with percent slope considerations.

figure 6.74a Visible siltation 
should be kept within the 25% 
buffer zone nearest the land-

disturbing activity. 

guidance for Determining 
width of Undisturbed 

vegetation zones

Zones of undisturbed vegetation may be used to ensure compliance 
with the statutory requirement of G.S. 113A-57(1) that “all visible 
siltation be retained within the 25% of the buffer zone closest to the 
land disturbing activity” even in the event of failure of other erosion and 
sedimentation control measures and practices.  The use of such zones 
of undisturbed vegetation is also a reasonable method for ensuring 
“protection of public and private property from damage caused by land 
disturbing activities,” as required by Commission Rule 15A NCAC 04B 
.0105.  The information given below provides guidance for determining 
the appropriate width of such zones of undisturbed vegetation for use 
during all phases of site development; good engineering judgment must 
provide for exceptions.

Buffer zones indicated on Erosion and Sedimentation Control Plans 
should include, immediately adjacent to the stream bank, a minimum 
zone of undisturbed vegetation of a width dependent upon the average 
slope of the land perpendicular to the stream.  The following guidance 
indicates suggested zone widths:

6.74.2 Rev. 6/06

Visible sediment collected within 
the first 25% of buffer

Stre
am



Practice Standards and Specifications

guidance for Determining 
width of Undisturbed 

vegetation zones 
(continued)

Slope (%)
0-1
1-3
3-5
>5

width of zone of Undisturbed vegetation
15 feet
20 feet
25 feet

25 feet + (% of slope - 5)
[Ex. 6% slope = 26 ft Zone of Undisturbed Vegetation 

(25 ft + 1 ft), and 
50 % slope = 70 ft Zone of Undisturbed Vegetation 

(25 ft + 45 ft)]

Zones of undisturbed vegetation are to be used in conjunction with, not 
in place of, other measures and practices located outside of the zones 
of undisturbed vegetation so that the performance objectives of the 
statute are realized.

The slope % is that slope, perpendicular to the stream, naturally 
occurring within the buffer zone.  The average slope should be calculated 
for every 100 foot segment of stream frontage for the land disturbing 
activity described in the Erosion and Sedimentation Control Plan.  This 
average should be used to determine the appropriate width of the zone 
of undisturbed vegetation across any given 100 foot segment (i.e., the 
appropriate width of the zone of undisturbed vegetation may vary with 
each 100 foot segment depending upon the topography of the site).

Once the appropriate width has been determined for a given segment, 
the zone of undisturbed vegetation should be measured from the edge 
of the water to the nearest edge of the disturbed area as specified 
in Commission Rule 15A NCAC 04B .0125(a).   Other practices and 
measures for erosion and sedimentation control may be located in 
the 25% of the buffer zone nearest the land disturbing activity; such 
practices and measures should not be located within the zone of 
undisturbed vegetation.

NOTE: Certain projects may be subject to riparian buffers under the 
statutes and rules regulating development activities in specified river 
basins or coastal areas.  Use of the above-stated guidance may not 
satisfy the requirements of these applicable laws.  The wider of 1) the 
riparian buffer, if applicable, or 2) the zone of undisturbed vegetation, 
allowing for exceptions based on good engineering judgment, should 
be applied on a site specific basis.

References Best Management Practices for Construction and Maintenance Activities, 
North Carolina Department of Transportation. August, 2003. Appendix D.

Rev. 6/06 6.74.3
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Practice Standards and Specifications

Definition The stabilization of temporary construction access routes, on-site vehicle 
transportation routes, and construction parking areas.

Purpose To control erosion on temporary construction routes and parking areas.

Conditions Where 
Practice Applies

All traffic routes and parking areas for temporary use by construction traffic.

Planning
Considerations

Improperly planned and maintained construction roads can become a continual 
erosion problem.  Excess runoff from roads causes erosion in adjacent areas, 
and an unstabilized road may become a dust problem.  Construction vehicle 
traffic routes are especially susceptible to erosion because they become 
compacted, and collect and convey runoff water along their surfaces.  Rills, 
gullies, and troublesome muddy areas form unless the road is stabilized.

During wet weather, unstabilized dirt roads may become so muddy they are 
virtually unusable, generating sediment and causing work interruption.  Proper 
grading and stabilization of construction routes often saves money for the 
contractor by improving the overall efficiency of the construction operation 
while reducing the erosion problem.

Situate construction roads to reduce erosion potential, following the natural 
contour of the terrain.  Avoid steep slopes, wet or rocky areas, and highly 
erosive soils.

Controlling surface runoff from the road surface and adjoining areas is a key 
erosion control consideration.  Generally locate construction roads in areas 
where seasonally high water tables are deeper than 18 inches.  Otherwise, 
subsurface drainage may be necessary.  Minimize stream crossings and 
install them properly (Practices 6.70, Temporary Stream Crossing and 6.71, 
Permanent Stream Crossing).

When practical, install permanent paved roads and parking areas and use them 
for construction traffic early during the construction operation to minimize 
site disruption.

Design Criteria Road grade—A maximum grade of 10% to 12% is recommended, although 
grades up to 15% are possible for short distances.

Road width—14 feet minimum for one-way traffic
—20 feet minimum for two-way traffic

Side slope of road embankment—2:1 or flatter.

Ditch capacity—Roadside ditch and culvert capacities—10-year peak 
runoff.

6.80
CONSTRUCTION ROaD STabILIzaTION

 6.80.1
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Stone surface—Use a 6-inch course of “ABC” or “base course” or larger as 
specified in N.C. Department of Transportation Standard Specifications for 
Roads and Structures.

Permanent road standards—Design standards are available from the N.C. 
Department of Transportation Division of Highways District Engineer.  Follow 
these specifications for all permanent roads.

Construction
Specifications

1. Clear roadbed and parking areas of all vegetation, roots, and other 
objectionable material.

2. Ensure that road construction follows the natural contours of the terrain if 
it is possible.

3. Locate parking areas on naturally flat areas, if they are available.  Keep 
grades sufficient for drainage, but generally not more than 2 to 3%.

4. Provide surface drainage, and divert excess runoff to stable areas by using 
water bars or turnouts (References: Runoff Control Measures).

5. Keep cuts and fills at 2:1 or flatter for safety and stability and to facilitate 
establishment of vegetation and maintenance.

6. Spread a 6-inch course of “ABC” crushed stone evenly over the full width 
of the road and smooth to avoid depressions.

7. Where seepage areas or seasonally wet areas must be crossed, install 
subsurface drains or geotextile fabric cloth before placing the crushed stone 
(Practice 6.81, Subsurface Drain).

8. Vegetate all roadside ditches, cuts, fills, and other disturbed areas or 
otherwise appropriately stabilize as soon as grading is complete (References: 
Surface Stabilization).

9. Provide appropriate sediment control measures to prevent off-site 
sedimentation.

Maintenance Inspect construction roads and parking areas periodically for condition of 
surface.  Topdress with new gravel as needed.  Check road ditches and other 
seeded areas for erosion and sedimentation after runoff-producing rains.  
Maintain all vegetation in a healthy, vigorous condition.  Sediment-producing 
areas should be treated immediately.

References Surface Stabilization 
6.10, Temporary Seeding 
6.11, Permanent Seeding

Runoff Control Measures 
6.20, Temporary Diversions 
6.23, Right-of-way Diversions (Water Bars) 
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Runoff Conveyance Measures 
6.30, Grass-lined Channels 
6.31, Riprap-lined Channels

Other Related Practices 
6.81, Subsurface Drain 
6.84, Dust Control

North Carolina Department of Transportation 
Standard Specifications for Roads and Structures
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Practice Standards and Specifications

Definition A perforated conduit or pipe installed to a design depth and grade below 
ground surface to intercept, collect, and convey excess ground water to a 
satisfactory outlet.

Purpose To improve soil-water conditions for vegetative growth, to improve slope 
stability, and to improve stability of structures with shallow foundations by 
lowering the water table.

Conditions Where 
Practice Applies

Subsurface drains apply where excess ground water must be removed to 
improve soil-water conditions for plant growth, to provide a stable base for 
construction, or to reduce hydrostatic pressure.  The soil should have depth 
and sufficient permeability to permit installation of an effective drainage 
system at a depth of 2 to 6 feet.

An adequate outlet for the drainage system must be available either by gravity 
or by pumping.  The quantity and quality of discharge should not damage the 
receiving stream.

This standard does not apply to subsurface drains for building foundations 
or deep excavations.

Planning
Considerations

From a functional standpoint, subsurface drainage systems fall into two 
classes: relief drains and interceptor drains.

Relief drains are generally used to lower the water table in large, relatively flat 
areas that frequently become too wet to support desirable vegetation.  Although 
surface water may also be carried through relief drains, it is generally better to 
install a separate drain for this purpose.

Relief drains may be installed in a grid, herringbone, or random pattern 
(Figure 6.81a), depending on specific site conditions.  In locations where it 
is desirable to control the water table (raise or lower it) for optimum plant 
growth, the system may be designed as a combination subirrigation/drainage 
system.  Special on-site investigations are needed, however, to design such 
dual-purpose systems.

Interceptor drains (Figure 6.81b) remove excess ground water from a slope, 
stabilize steep slopes and lower the water table immediately below a slope.  
They may also be used to stabilize shallow foundations such as paved channels 
or construction access roads.

Interceptor drains usually consist of a single pipe or a series of single pipes 
buried perpendicular to the slope.

The capacity of an interceptor drain is determined by calculating the maximum 
rate of ground water flow to be intercepted.  Therefore, it is good practice to 
make complete subsurface investigations including hydraulic conductivity of 
the soil before designing a subsurface drainage system.

6.81
SUbSURfaCE DRaIN

 6.81.1
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Design Criteria Location—Do not install drain lines within 50 feet of trees to avoid tree roots 
that may clog the line.  Use solid pipe with watertight connections where it is 
necessary to pass a subsurface drainage system through a stand of trees.

Arrange relief drains in a pattern that will drain the entire wet area evenly.  
Main lines are usually located through the lowest portion of the landscape 
(Figure 6.81a).

Locate interceptor drains to proper depth on the uphill side of wet, unstable 
areas and install on a positive grade across the slope.

Capacity of relief drains—Minimum removal rate is 1 inch of ground water 
in 24 hours (0.042cfs/acre).  When surface water is allowed to enter directly 
into the drain, the design capacity must be increased accordingly.  Design rates 
may be decreased if a good independent surface drainage system is installed.

Capacity of interceptor drains—Table 6.81a may be used to determine the 
capacity requirements for interceptor drains for most soils in North Carolina.  
Note the limitations in the chart.
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If spring flow or surface water enters the drain directly, the capacity must be 
increased to accommodate the excess.  When anticipated seepage rates are high 
(greater than 20 inches/hour) or extensive drainage is require, an individual 
design may be based on the following equation:

    Qi = 
K i de L
43,200

where:
Qi  = 
K  = 

i  = 

de  = 

L  =  

design discharge in cfs,
hydraulic conductivity in inches/hour (sufficient in-place tests must be 
made to determine this value),
hydraulic gradient of the undisturbed water table in feet/feet (should be 
made during wet conditions),
the average effective depth in feet (the depth of the proposed drain 
invert below the undisturbed water table), and
length of the drain in feet.

Where hydraulic conductivity rates vary greatly, such as in gravel layers, a 
pilot trench may be dug to design depth and the actual flow rate measured 
under wet conditions.

Size of drain—Size subsurface drains to carry the required capacity without 
pressure flow.  Minimum diameter for a subsurface drain is 4 inches.

Depth and spacing of relief drains—Relief drains should be installed in a 
uniform pattern with equal spacing between the drains and all drains at the 
same depth.  The maximum depth is limited by the allowable load for the type 
of pipe, depth to an impermeable layer, and outlet conditions.

Spacing between drains depends primarily on soil hydraulic conductivity 
(permeability) and the depth of the drain.  In most cases, a depth of 3 to 4 feet 
and a spacing of 50 feet is adequate.
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Table 6.81a
Design flow Rates for

Interceptor Drains in
Sloping Land

Slope of Underground
water Surface1

minimum Capacity2

<5%
5 - 10%

10 - 20%
>20%

0.3 cfs/1,000 ft
0.6 cfs/1,000 ft
1.0 cfs/1,000 ft
1.5 cfs/1,000 ft

1 Use the slope of the land surface above the interceptor line if water 
table surface slope is not known.

2  If hydraulic conductivity of the soil above the interceptor line exceeds 
20 inches per hour, design should be based on specific site data.

When large areas are to be drained, specific site designs should be prepared.  
One reference for this purpose is the National Engineering Handbook, Section 
16, Drainage of Agricultural Land, prepared by USDA, Soil Conservation 
Service.

Depth and spacing of interceptor drains—The depth of an interceptor drain 
is determined primarily by the depth to which the water table is to be lowered 
or the depth to a permeability-restricting layer.  The maximum depth is limited 
by the allowable load for the type of pipe used and the depth to an impermeable 
layer.  For practical reasons, the maximum depth is usually limited to 6 feet, 
with a minimum cover of 2 feet to protect the conduit.

One interceptor drain is usually sufficient, especially when the drain can 
be located on or just above an impermeable layer.  Where more than one 
interceptor drain may be needed, it may be acceptable to install only the upper 
drain—then if seepage problems occur downslope, additional drains can be 
installed in the same manner as the first line.  An alternative approach is to 
make sufficient soil borings and hydraulic conductivity tests to define (1) the 
surface of the impervious layer, (2) the undisturbed slope of the water table 
during wet conditions, and (3) the in-place saturated hydraulic conductivity 
of the soil materials upslope of the problem area.  The minimum number of 
individual interceptor lines can then be sized and placed to the proper depth 
and location to control the underground water level to a minimum depth of 2 
feet below the ground surface.

Envelopes and filters—Bed all drains in gravel as shown in Figure 6.81c to 
improve flow into the drain.  If soil material is used for the backfill, place filter 
cloth over the top of the gravel before backfilling to prevent soil from moving 
into the gravel.  If sand is used, it should conform to NCDOT Standard size 
No. 2S subsurface drain material (NCDOT Section 905-3).  Envelopes and 
filters should surround the drain to a minimum of 3-inch thickness.

Velocity limitations—The minimum velocity to prevent silt deposition in 
drain lines is 1.4 ft/sec.  The maximum allowable velocity using a sand-gravel 
filter or envelope is 9 ft/sec.
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Outlet—Ensure that the outlet of a drain empties into a channel or other 
watercourse above the normal water level.

Use outlet pipe of corrugated metal, cast iron, steel pipe, or heavy-duty plastic 
without perforations and at least 10 feet long.  Do not use an envelope or 
filter material around the outlet pipe, and bury at least two-thirds of the pipe 
length.

When outlet velocities exceed those allowable for the receiving stream, outlet 
protection must be provided (References: Outlet Protection).

Secure an animal guard to the outlet end of the pipe to keep out rodents.

Material—Acceptable materials for subsurface drains include perforated, 
continuous closed-joint conduits of corrugated plastic, corrugated metal, 
concrete, and bituminized fiber.  Ensure that the strength and durability of the 
pipe meet the requirements of the site and are in keeping with the appropriate 
ASTM specification for the materials used.

Construction
Specifications

1. Dig a trench to grade 3 inches below the design bottom elevation of the pipe 
to accommodate the envelope or filter material.

2. Stabilize any soft, yielding soils under the drain with gravel or other suitable 
material.

3. Lay pipe on the design grade and elevation avoiding reverse grade or low 
spots.

4. Do not use damaged, deformed, warped, or otherwise unsuitable pipe.

5. Place envelope or filter material around pipe with at least 3 inches of 
material on all sides.

6. Ensure that gravel for envelopes around flexible pipe does not exceed 3/4 
inch in size to prevent damage to the pipe.
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7. Place filter cloth over gravel envelopes to prevent movement of soil into 
the gravel.

8. Backfill immediately after placement of the pipe.  Ensure that the backfill 
material does not contain rocks or other sharp objects and place it in the trench 
in a manner that will not damage or displace the pipe.  Overfill the trench 
slightly to allow for settlement.

9. For the outlet section of the drain, use at least 10 feet of nonperforated 
corrugated metal, cast iron, steel, or heavy-duty plastic pipe.  Cover at least 
two-thirds of the pipe length with well-compacted soil.

10. Keep the settled fill over the pipe outlet slightly higher than the surrounding 
ground to prevent erosion and wash-out from surface runoff.

11. Place a suitable animal guard securely over the pipe outlet to keep out 
rodents.

12. Cap the upper end of each drain with a standard cap made for this purpose 
or with concrete or other suitable material to prevent soil from entering the 
open end.

Maintenance A properly designed and installed subsurface drain requires little maintenance.  
However, check drains periodically and especially after heavy rains to see that 
they are operating properly.  Keep the outlet free of sediment and other debris, 
and keep the animal guard in place and functional.  Investigate any wet areas 
along the line for possible cave-in due to vehicle traffic, blockage by roots, or 
other problems.  Make all needed repairs promptly.

References Runoff Conveyance Measures 
6.30, Grass-lined Channels

Outlet Protection 
6.41, Outlet Stabilization Structure

USDA Soil Conservation Service 
National Engineering Handbook, Section 3, 
Drainage of Agricultural Land

North Carolina Department of Transportation 
Standard Specifications for Roads and Structures
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Definition A structure designed to reduce channel grade in natural or constructed 
watercourses.

Purpose To prevent erosion of a channel that results from excessive grade in the 
channel bed.  This practice allows the designer to adjust channel grade to fit 
soil conditions.

Conditions Where 
Practice Applies

This practice applies where structures are required to prevent head cutting or 
stabilize gully erosion.  Specific locations are:

• Where head cutting or gully erosion is active in natural or constructed 
stream channels.

• Where beds of intersecting channels are at different elevations.

• Where a flatter grade is needed for stability in a proposed channel or 
water disposal system.

Planning
Considerations

Grade stabilization structures are usually installed as part of a vegetated water 
disposal system.  If the channel grade is erosive with a vegetative liner, the 
designer should consider using nonerodible channel liners (riprap or paving), 
or a vegetated channel in combination with grade stabilization structures.  In 
deciding which type of system to use, the designer should consider:

• the differences in channel depths, widths, and spoil disposal,

• the effect the deeper channel will have on the water table, especially near 
the structure,

• entrance of surface water into the deeper channel system, and the need for 
an emergency bypass, at structure locations,

• side slope stability,

• outlet velocities,

• environmental impacts,

• site aesthetics, and

• cost comparisons including maintenance.

In general, shallow channels stabilized with riprap or concrete are preferred to 
deeper earth channels that require grade stabilization structures.

Grade stabilization structures are often used to stabilize progressive head 
cutting in an existing channel.  Make an on-site evaluation to determine that 
the channel upstream and downstream from the proposed structure will be 
stable for the design flow conditions.  Base the stability evaluation on clear 
water flow, as another head cut may begin below the structure once sediment 
sources upslope are controlled.

6.82
gRaDE STabILIzaTION STRUCTURE
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Grade stabilization structures may be vertical drop structures, concrete or 
riprap chutes, gabions, or pipe drop structures.  Permanent ponds or lakes may 
be part of a grade stabilization system.

Where flows exceed 100 cfs and grade drops are higher than 10 feet, consider 
concrete chutes.  This type of grade control structure is often used as an outlet 
for large water impoundments.

Where flows exceed 100 cfs and the drop is less than 10 feet, a vertical drop 
weir constructed of reinforced concrete or sheet piling with concrete aprons 
is generally recommended.  Small flows allow the use of prefabricated metal 
drop spillways or pipe overfall structures.

Pipe drop grade stabilization structures are commonly used where channels 
intersect at different elevations, especially when flows are less than 50 cfs.  
Pipe drop structures also make convenient permanent channel crossings.

Design Criteria Designs for grade stabilization structures can be complex and usually require 
detailed site investigations.  Design of large structures (100 cfs) require a 
qualified engineer familiar with hydraulics and experienced in structure 
design.  Advice on the control of stream channel erosion may be obtained 
from the local USDA Soil Conservation Service office serving each country.

Location of structure—Locate the structure on a straight section of channel 
with no upstream or downstream curves within 100 feet.

Ensure that the foundation material at the site is stable, relative homogenous, 
mineral soil with sufficient strength to support the structure without uneven 
settling.  Piping potential of the soil should be low.

Ensure that flood bypass capability is available at the site to protect the structure 
from flows greater than design capacity.  Protect the area where bypass flow 
enters the channel downstream (Figure 6.82a).

Consider diversion of flow for dewatering during construction as part of site 
evaluation.

Capacity—At a minimum, design the structure to control the peak runoff from 
the 10-year storm or to meet the bankfull capacity of the channel, whichever 
is greater.

Ensure that bypass capacity prevents structural failure from larger storms, based 
on the expected structure life and consequences of failure.  Large structures 
require greater design factors because of safety considerations.

Grade elevations—Set the crest of the structure’s inlet at an elevation that 
will stabilize the grade of the upstream channel.  Set the outlet section at an 
elevation that will provide a stable grade downstream to assure stability.
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Structural dimensions—The National Engineering Handbook (Drop 
Spillways, Section 11, and Chute Spillways, Section 14), prepared by the 
USDA Soil Conservation Service, gives detailed information useful in the 
design of grade stabilization structures.

Foundation drainage is needed to reduce hydrostatic loads on drop spillway 
structures.  New products such as plastic, prefabricated drainage devices are 
available that provide positive drainage, are easy to install, and may be less 
costly than conventional drainage methods.

Outlet conditions—Keep the velocity of flow at the outlet within the 
allowable limits for the receiving stream (Table 8.05d).  Place a transition 
section consisting of properly sized riprap at the toe of the structure to prevent 
erosion of the channel bed (Practice 6.41, Outlet Stabilization Structure).

Construction
Specifications

1. Divert all surface runoff around the structure during construction so that 
the site can be properly dewatered for foundation preparation, construction of 
headwalls, apron drains, and other structural appertenances.

2. Ensure that the concrete conforms to standards for reinforced structural 
concrete.  Make adequate tests, including breaking test cylinders to see that the
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concrete meets all design specifications for the job.  Failure of a large grade 
stabilization structure may be costly and extremely hazardous.

3. Hand-compact backfill in 4-inch layers around the structure.

4. Make the end of the riprap section as wide as the receiving channel, and 
make sure the transition section of riprap between the structure end sill and 
the channel is smooth.

5. Ensure that there is no overfall from the end sill along the surface of the 
riprap to the existing channel bottom.

6. Locate emergency bypass areas so flood flow in excess of spillway capacity 
enters the channel below the structure without serious erosion or damage to 
the structure.

7. Stabilize all disturbed areas as soon as construction is complete.

Since these structures are located in watercourses, take special precautions to 
prevent erosion and sedimentation during construction of the structure.

Maintenance Once a grade stabilization structure has been properly installed and the area 
around it stabilized, maintenance should be minimal.  Inspect the structure 
periodically and after major storms throughout the life of the structure.  
Check the fill around the structure for piping, erosion, and settlement and 
to ensure that good protective vegetation is maintained.  Check the channel 
at the structure entrance and outlet for scour and debris accumulation that 
may cause blockage or turbulence.  Check the structure itself for cracking or 
spauling of the concrete, uneven or excessive settlement, piping, and proper 
drain functioning.  Check emergency bypass areas around the structure for 
erosion, especially where flow re-enters the channel.  Repair or replace failing 
structures immediately.

References Runoff Conveyance Measures 
6.31, Riprap-lined Channels

Outlet Protection 
6.41, Outlet Stabilization Structure

Appendix 
8.05, Design of Stable Channels and Diversions

USDA Soil Conservation Service 
National Engineering Handbook, Sections 11 and 14. 
Washington, D.C.
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Definition A small temporary stone dam constructed across a drainage way. 

Purpose To reduce erosion in a drainage channel by reducing the velocity of flow.  

Conditions Where 
Practice Applies

This practice may be used as a temporary measure to limit erosion by reducing 
velocity in small open channels.  When needed, they can be used in channels, 
roadside ditches, and temporary diversions. 

Check dams may be used to:

• reduce velocity in small temporary channels that are degrading, but 
where permanent stabilization is impractical due to their short period of 
usefulness;

• reduce velocity in small eroding channels where construction delays or 
weather conditions prevent timely installation of nonerosive liners.

Do not use check dams in intermittent or perennial streams.

Planning
Considerations

Check dams are an expedient way to reduce gullying in the bottom of channels 
that will be filled or stabilized at a later date.  The dams should only be used 
while permanent stabilization measures are being put into place.  

Check dams installed in grass-lined channels may kill the vegetative lining 
if submergence after it rains is too long and/or silting is excessive.  All stone 
and riprap must be removed if mowing is planned as part of vegetative 
maintenance.

Design Criteria The following criteria should be used when designing a check dam:

• The drainage area is limited to one half acre.  

• Keep a maximum height of 2 feet at the center of the dam.

• Keep the center of the check dam at least 9 inches lower than the outer 
edges at natural ground elevation.

• Keep the side slopes of the dam at 2:1 or flatter.

• Ensure that the maximum spacing between dams places the toe of the 
upstream dam at the same elevation as the top of the downstream dam 
(Figure 6.83a).

• Stabilize outflow areas along the channel to resist erosion.

• Use NC DOT Class B stone and line the upstream side of the dam with 
NC DOT #5 or #57 stone.  

• Key the stone into the ditch banks and extend it beyond the abutments a 
minimum of 1.5 feet to avoid washouts from overflow around the dam.

6.83
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Construction
Specifications

1. Place stone to the lines and dimensions shown in the plan on a filter fabric 
foundation.

2. Keep the center stone section at least 9 inches below natural ground level 
where the dam abuts the channel banks.

3. Extend stone at least 1.5 feet beyond the ditch bank (Figure 6.83b) to keep 
water from cutting around the ends of the check dam.

4. Set spacing between dams to assure that the elevation at the top of the 
lower dam is the same as the toe elevation of the upper dam.  

5. Protect the channel after the lowest check dam from heavy flow that could 
cause erosion.   

6. Make sure that the channel reach above the most upstream dam is stable.

7. Ensure that other areas of the channel, such as culvert entrances below the 
check dams, are not subject to damage or blockage from displaced stones.
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Maintenance Inspect check dams and channels at least weekly and after each significant (1/2 
inch or greater) rainfall event and repair immediately.  Clean out sediment, 
straw, limbs, or other debris that could clog the channel when needed.  

Anticipate submergence and deposition above the check dam and erosion from 
high flows around the edges of the dam.  Correct all damage immediately.  If 
significant erosion occurs between dams, additional measures can be taken 
such as, installing a protective riprap liner in that portion of the channel 
(Practice 6.31, Riprap-line and Paved Channels).

Remove sediment accumulated behind the dams as needed to prevent damage 
to channel vegetation, allow the channel to drain through the stone check dam, 
and prevent large flows from carrying sediment over the dam.  Add stones to 
dams as needed to maintain design height and cross section.

References Runoff Conveyance Measures 
6.30, Grass-lined Channels 
6.31, Riprap-lined and Paved Channels

North Carolina Department of Transportation 
Standard Specifications for Roads and Structures

figure 6.83b Stone check dam stone should be placed over the channel banks to keep water from cutting around the 
dam.

Filter Cloth

Plan View

9” min
1.5’ min.

Filter Cloth

Class B Riprap

12” of NCDOT #5 or #57 
washed stone

2:1

Cross-Section View

2’ max. at 
center

1.5’

4’ to 6’



6

6.83.4 Rev. 6/06



Practice Standards and Specifications

 6.84.1

Definition The control of dust resulting from land-disturbing activities.

Purpose To prevent surface and air movement of dust from disturbed soil surfaces that 
may cause off-site damage, health hazards, and traffic safety problems.

Conditions Where 
Practice Applies

On construction routes and other disturbed areas subject to surface dust 
movement, and dust blowing where off-site damage may occur if dust is not 
controlled.

Planning
Considerations

Construction activities that disturb soil can be a significant source of air 
pollution.  Large quantities of dust can be generated, especially in “heavy” 
construction activities such as land grading for road construction and 
commercial, industrial, or subdivision development.

In planning for dust control, it is important to schedule construction operations 
so that the least area is disturbed at one time.

Leave undisturbed buffer areas between graded areas wherever possible.

The greatest dust problems occur when the probability of rainfall erosion is 
least.  Therefore, do not expose large areas of soil, especially during drought 
conditions.

Install temporary or permanent surface stabilization measures immediately 
after completing land grading.

Design Criteria No formal design procedure is given for dust control.  See Construction 
Specifications below for the most common dust control methods.

Construction
Specifications

Vegetative cover—For disturbed areas not subject to traffic, vegetation 
provides the most practical method of dust control (References: Surface 
Stabilization).

Mulch (including gravel mulch)—When properly applied, mulch offers a 
fast, effective means of controlling dust.

Spray-on adhesive—Examples of spray-on adhesives for use on mineral soils 
are presented in Table 6.84a.

Table 6.84a
Spray-on adhesive for Dust

Control on mineral Soil

water
Dilution

Type of
Nozzle

apply
gallons/acre

Anionic asphalt
emulsion
Latex emulsion
Resin in water

7:1
12.5:1

4:1

Coarse Spray
Fine Spray
Fine Spray

1,200
235
300

6.84
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Calcium chloride may be applied by mechanical spreader as loose, dry 
granules or flakes at a rate that keeps the surface moist, but not so high as to 
cause water pollution or plant damage.

Sprinkling—The site may be sprinkled until the surface is wet.  Sprinkling is 
especially effective for dust control on haul roads and other traffic routes.

Stone used to stabilize construction roads can also be effective for dust 
control.

Barriers—A board fence, wind fence, sediment fence, or similar barrier 
can control air currents and blowing soil.  Place barriers perpendicular to 
prevailing air currents at intervals about 15 times the barrier height.  Where 
dust is a known problem, preserve windbreak vegetation.

Tillage—Deep plow large open undisturbed areas and bring clods to the 
surface.  This is a temporary emergency measure that can be used as soon as 
soil blowing starts.  Begin plowing on the windward edge of the site.

Maintenance Maintain dust control measures through dry weather periods until all disturbed 
areas have been stabilized.

References Surface Stabilization 
6.10, Temporary Seeding 
6.11, Permanent Seeding 
6.14, Mulching

Other Related Practices 
6.80, Construction Road Stabilization
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6.85.1

Definition An artificial barrier of evenly spaced wooded slats or approved fabric erected 
perpendicular to the prevailing wind and supported by posts.

Purpose To reduce wind velocity at the ground surface, and trap blowing sand.

Conditions Where 
Practice Applies

Across open, bare, sandy soil areas subject to frequent winds, where the 
trapping of blowing sand is desired.  Wind fences are used primarily to build 
frontal ocean dunes (to control erosion from wave overwash and flooding).  
They may also prevent sand from blowing off disturbed areas onto roads or 
adjacent property.

 Planning
Considerations

Soil movement by wind depends on the physical character and condition of 
the soil.  Normally, only dry soils are moved by wind.  The structure of soil in 
an air-dry state is the index to its erodibility.  Loose, fine-textured soils are the 
most readily blown.

There are three types of soil movement operating simultaneously in the process 
of wind erosion:

• suspension—fine dust particles are carried and suspended in air,

• saltation—movement of particles in short bounces on the ground, and

• surface creep—movement of large particles on the ground by both direct 
wind and bombardment by smaller particles.

Sand fences act as barriers that catch and hold blowing sand in much the same 
way as a snow fence prevents snow drift.  The fence consists of evenly spaced 
wooded slats.  The spaces between slats allow wind and sand to pass through 
the fence, but the wind velocity is reduced, causing sand deposition along the 
fence and between rows of fence (Figure 6.85a).

6.85
SaND fENCE (wind fence)
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Sand fences, commonly used to build up low areas of frontal dunes along 
the coast line, can trap large amounts of sand.  Their effectiveness depends 
on the source of sand and the frequency and velocity of onshore wind.  As a 
windward fence is filling, some sand drifts to the next leeward fence.  When 
the dune is sufficiently wide and fences are approximately two-thirds filled 
with sand, another series of fences may be erected.  In this manner, 2 to 6 feet 
dunes are built in a single season.

There is a limit to how high the frontal dune will form.  The natural process 
of the rise and fall of the tide with an onshore wind provides the sand source 
to build the dune.  The high tide, driven by an onshore wind, carries sand onto 
the beach.  As the tide recedes, the sun and wind dry the sand, and the wind 
blows it up the dune where it is caught by the fence.  The process is repeated 
as the tides change.  As the dune grows, it takes a progressively stronger wind 
to carry sand over the dune; but as the wind increases, the tides increase and 
water covers more of the beach.  With less available beach sand, strong winds 
may remove sand along the fence instead of depositing it.  In addition, the 
waves may reach the toe of the dune, causing it to cave and flatten.  A change 
of wind direction more parallel to the coast will speed the erosion process 
because sand is carried along the beach instead of being deposited below the 
dune.  Therefore, a wind fence must be located well above the expected high 
water mark to be effective.

When the dune has reached the level of other mature dunes in the area, 
stabilize it with vegetation.  American beachgrass, sea oats, and other adapted 
vegetation will hold the captured sand in place and gradually capture more 
sand until the natural maximum dune height is reached.  Dunes may be built 
by vegetation alone, but it usually takes a longer period of time (Practice 6.16, 
Vegetative Dune Stabilization).

Dunes built by wind fences and stabilized with appropriate beach vegetation 
do not provide permanent protection from beach erosion.  However, they do 
speed up the rebuilding of the natural dune barrier and tend to reduce the 
average annual loss of frontal dunes.

Keep beach development at least 100 feet behind frontal dunes.  Generally, do 
not attempt beach development in areas where the estimated average frontal 
dune loss is more than 2 ft/yr, or in particularly vulnerable locations, such as 
areas adjoining ocean inlets.

Sand fences also trap blowing sand at construction sites to prevent off-site 
damage to roads, streams, and adjacent property.  Generally, locate them 
perpendicular to the prevailing wind and as near to parallel as possible on the 
leeward side of the area.  Wind fences have been found to be effective up to 22 
1/2 degrees from perpendicular to the wind.

Design Criteria No formal design criteria have been developed for wind fences.  Construction 
Specifications below describe typical wind fence installation.
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 6.85.3

Construction
Specifications

1. Normally, locate sand fences perpendicular to the direction of the prevailing 
wind, but they may be as much as 22 1/2 degrees from perpendicular and still 
be very effective.

2. Commercial sand fences usually consist of wooden slats wired together 
with spaces between the slats.  The distance between slats is approximately 
equal to the slat width (about 1 1/2 inches).  Other materials such as discarded 
Christmas trees have been used to capture sand, but trees must be securely 
fastened in place and spaced to touch each other in the row.

3. Erect sand fences in parallel rows 20 to 40 feet apart and 2 to 4 feet high.  The 
number of rows installed depends on the degree of protection needed.  When 
fences are approximately two-thirds full, erect another series of fences.

4. In dune building, when the elevation of other mature dunes in the area is 
almost reached, or when the building process slows significantly, stabilize the 
dune immediately with appropriate vegetation.

Maintenance Maintain sand fences, and erect additional fences as needed until the eroding 
area has been permanently stabilized, or in the case of dune building, until the 
dune has reached the desired height and is properly vegetated.

References Surface Stabilization 
6.11, Permanent Seeding 
6.16, Vegetative Dune Stabilization
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Definition Flocculation is the process of causing small, suspended materials to stick to 
each other to form “flocs”.  These flocs more readily settle out compared to 
the individual particles.

Purpose When soil is exposed during construction, stormwater runoff can pick up soil 
particles and carry them to the nearest water conveyance.  The larger particles, 
such as pebbles and sand, will fall quickly to the bottom once the flow rate 
slows.  However, clays and fine silts will tend to stay suspended because they 
are much lighter and slower to settle out.  The resulting suspended sediment 
can travel many miles in streams or keep ponds and lakes muddy looking 
for a long time after a storm.  Suspended sediment reduces the biological 
productivity of the affected waters, decreases recreational value, and increases 
water treatment costs for industrial or drinking water plants.  The purpose of 
flocculants is to treat the water so that suspended clays and fine silts will settle 
out of the water quickly before leaving the construction site.  

Conditions Where 
Practice Applies

Construction sites over one acre are required to install measures to retain 
sediment within the site.  These measures include silt fence, sediment traps, 
storm drain inlet protection, and others.  However, water discharged from these 
devices can have high concentration of suspended clays and fine silts that are 
very difficult to settle out.   There are three ways to reduce suspended sediment: 
(1) store the runoff long enough for the materials to settle, (2) store and filter 
runoff, or (3) treat water with chemical flocculants.  Filtering water can be high 
maintenance and expensive.  The most practical and least expensive option for 
most situations is flocculation.  A chemical called polyacrylamide (PAM) can 
create flocs in many sediment types found in North Carolina.  Gypsum or 
moulding plaster can coagulate or bridge clay particles, which also accelerates 
settling.  Flocculants should be used to prevent damage to sensitive water 
resources such as ponds, lakes and trout streams or whenever turbidity control 
is required.  However, sediment at each site has to be evaluated individually 
for responsiveness to PAM, gypsum, or other flocculant/coagulants.  The use 
of flocculants is very soil-type dependent and requires a screening process to 
determine the best chemical for each specific location.  

Planning 
Considerations

PAM is a term describing a wide variety of chemicals based on the acrylamide 
unit.  When linked in long chains, a portion of the acrylamide units can be 
modified to result in a net positive, neutral, or negative charge on the PAM 
molecule.  The positively charged (cationic) PAM’s have not been widely used 
because they can be toxic to fish and other aquatic organisms if they enter 
water bodies in sufficient concentrations.   The negatively charged (anionic) 
PAM’s are much less toxic to aquatic organisms and are widely used in furrow 
irrigation agriculture.  This is the type of PAM which is commonly allowed 
for use in stormwater treatment. PAM is available as a crystalline powder, 
emulsion, solution, or as a solid block or “log.”  One of the ingredients used 
to make PAM is acrylamide, which is a known carcinogen, so the PAM’s 
available for public uses are required to have <0.05% free acrylamide.  This 
purity allows them to be used in food processing, drinking water treatment, 
and other uses where human exposure is likely.

fLOCCULaNTS6.86
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PAM is water soluble, but it dissolves slowly and requires considerable 
agitation and time to dissolve.  Water with over 0.1% PAM is often noticeably 
viscous and most PAM’s have a maximum concentration of 0.5-1% in water.  
When dry PAM becomes wet, it is very slippery and sticky.  As a result, it can 
create a slip hazard.  

Gypsum is a natural mineral deposited widely around the earth.  It is made 
up of calcium sulfate and water in the formula Ca(SO4)*2(H2O).  Moulding 
plaster is similar, but has a slightly different formula Ca(SO4)*0.5(H2O).  The 
largest use of gypsum is in the manufacture of wallboard, but it is also used in 
water, wastewater treatment, and other industrial processes.

Design Criteria PAM’s mixed with water with high suspended solid loads can greatly reduce 
turbidity and suspended solid concentrations. It may be used in dewatering 
operation discharge from borrow pits or construction excavations, from 
discharge settling ponds, or from stormwater from land disturbance.  It is 
critical that an application system be in place that minimizes the chances of 
malfunctions that could result in over-application of PAM’s and subsequent 
adverse effects to aquatic life. It is especially important to be cautious near 
sensitive streams, such as those classified as “High Quality” or “Outstanding 
Resource Waters.” 

In using any form of PAM, several basic guidelines should be followed:

1. PAM’s should be used only after all appropriate physical BMP’s have 
been implemented at a particular site.

figure 6.86a  Flocculation of sediment with PAM.
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2. Only PAM’s that pass the chronic toxicity testing requirements, established 
by the Division of Water Quality, may be used.  A laboratory that is certified to 
conduct NC DWQ whole effluent toxicity (WET) testing must perform a multi-
dilution (five test concentrations plus the control) chronic Ceriodaphnia test 
to determine the IC25 endpoint of the product.  For products that are intended 
for use in NC waters that are not classified as Trout waters, this testing may 
be performed in water with a turbidity of 60 Nephelometric Turbidity Units 
(NTU). For products that are intended for use in NC waters classified as Trout 
waters, this testing must be performed in water not exceeding 20 NTU’s.  The 
test protocol utilized may be either the NC DWQ or the standard EPA protocol.  
The approved maximum application rate must be less than the IC25.

3. PAM’s must not be applied directly to surface waters of the state.

4. A sediment basin or similar structure between the application point of 
PAM’s and surface waters is required.  Choose the appropriate PAM for the 
soil type.

5. Before specifying the use of powder or liquid application of PAM’s to 
a settling basin or run-off conveyance, submit a particular product’s label, 
application instructions, and Material Safety Data Sheet (MSDS) to the Division 
of Water Quality Aquatic Toxicology Unit for evaluation and determination 
of the product’s safe application rate. The product’s vendor should be able 
to provide the required information. PAM information should be submitted 
to the Aquatic Toxicology Unit,  NC DENR Division of Water Quality, 1621 
Mail Service Center, Raleigh, NC 27699-1621, fax number (919) 733-9959, 
and phone (919) 733-2136, Currently the Division of Water Quality Wetlands 
and Stormwater Branch maintains a list of PAM’s with established application 
rates.

Construction 
Specifications

One of the key factors in making a flocculant work is to ensure that it is dissolved 
and thoroughly mixed with the runoff water, which can be accomplished in 
several ways.  Introducing the PAM to the runoff at a point of high velocity will 
help to provide the turbulence and mixing needed to maximize the suspended 
sediment exposure to the large PAM molecules.  Examples include a storm 
drain junction box where a pipe is dropping water, inside a slope drain, or other 
areas of falling or fast moving water upslope from a sediment trap or basin.

As mentioned before, PAM can be purchased as a powder, an emulsion, or a 
solid block.  Because it dissolves slowly, introducing the powder directly into 
runoff is not effective.  The granules will not dissolve fast enough before the 
water leaves the site.  Instead, the powders need to be dissolved in water and 
metered into the runoff.  This solution is often used in PAM furrow irrigation 
using a PAM solution of 5mg/L  (parts per million).  However, there is little 
information on this type of PAM use for storm runoff.  Tests in North Carolina 
have consistently shown that 1-5mg/L  (parts per million), or 1-5oz PAM/1,000 
cubic feet of water is the optimal dose for effective flocculation (Table 6.86a).  
Some of the technical challenges include: ways to adjust the amount of solution 
added to runoff flow to maintain proper PAM concentrations, the stability of 
the PAM once in solution, and freezing of the PAM solution during colder 
months.
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Table 6.86a

volume of concentrated 
pam solution

final pam Concentration 
Desired In basin

volume Needed
(Gallons concentrated PAM 
mix/1000 cubic feet water 

treated)

1 ppm 6.7

5 ppm 33

Another option for introducing PAM into runoff involves running the water 
over a solid form of PAM.  Powders can be sprinkled on various materials, 
such as jute, coir, or other geotextiles.  When wet, PAM granules become very 
sticky, and bind to the geotextile fabric.  The product binds to the material, and 
resists removal by flowing water rendering it ineffective for turbidity control.  
PAM’s may also be purchased as solid blocks or ‘logs”.  The logs are designed 
to be placed in flowing water to dissolve the PAM from the log somewhat 
proportionately to flow.  While using these solid forms of PAM does not have 
the same challenges as liquid forms, they do have drawbacks.  The amount of 
PAM released is not adjustable and is generally unknown, so the user has to 
adjust the system by moving or adding logs to get the desired effect.  Because 
the PAM is sticky when wet, it can accumulate materials from the runoff and 
become coated, releasing little PAM.  The solid forms also tend to harden 
when allowed to dry. This causes less PAM to be released initially during the 
next storm until the log becomes moist again. 

To avoid these problems, the user must do two things to ensure PAM releases 
from the solid form:

• Reduce sediment load in the runoff upstream of the PAM location.  This 
avoids burying the PAM under accumulated sediment.

• Create constant flow across or onto the solid PAM.  The flow will help 
dissolve and mix the PAM as well as prevent suspended solids from 
sticking to the PAM product.

Once the PAM is introduced into the runoff and thoroughly mixed, the runoff 
needs to be captured in a sediment trap or basin in order for the flocs to settle 
out.  It is important that the inlet of this structure be stabilized with geotextile 
or stone to prevent gully erosion at the upper end of the basin.  Such erosion 
can contribute significantly to the turbidity in the basin and overwhelm the 
treatments.  Other modifications may also be useful such as installing baffles 
across the basin or dewatering from the surface using a skimmer or similar 
device.  Baffles using jute or coconut fiber are highly effective in reducing 
velocity and turbulence in sediment basins.  Other, similar porous materials 
may also be effective, such as 700 g/m2 coir matting.  

Because sediment characteristics are very different across the state, it is 
important that the correct PAM is matched to the sediment type at the site.  
Large sites, may require more than one PAM formulation in order to flocculate 
sediment at different places on the site.  At present, the only way to match 
sediment type to the PAM formulation is to test a number of PAM’s for 
effectiveness.  This testing can be done by mixing a small amount of PAM in 
a jar of water with a small amount of sediment, shaking, and then determining 
which PAM clears the water the quickest.  This process is usually done by the 
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PAM dealer or supplier because they can maintain a large stock of different 
PAM’s.  The appropriate application rate for a product should be determined 
to provide effective treatment while remaining non-toxic.  It is extremely 
important not to over apply the PAM; it may actually decrease the effectiveness 
of the product.

Moulding plaster and gypsum have also been demonstrated to settle solids in 
sediment basins.  The material is applied by hand directly to the water after 
each storm.  The dose rate of 20-30lb/1,000 cubic feet of water, spread evenly 
to the surface, has been found to reduce suspended sediments.  This application 
has not been widely tested, but is one option.  The obvious drawback is that 
the material has to be spread by hand after each storm, which is not only labor 
intensive, but also means the basin has to be large enough to store the runoff.  
Otherwise, a major portion of the runoff will be missed before treatment.  The 
dose to result in less than 250mg SO4/L, as required in North Carolina, is 
25lb/1,000 cubic feet for moulding plaster (66% SO4) and 30lb/1,000 cubic 
feet for gypsum (56% SO4).

Maintenance 1.  Dosing systems using pumps should be checked daily.

2.  Floc logs should be checked at least weekly or after a rainfall event of ½ 
inch or greater to make sure the logs remain in place, are moist, and are not 
covered in sediment.

References SoilFacts: Using Polyacrylamide (PAM) to Control Turbidity, Richard
McLaughlin, North Carolina State University Cooperative Extension Service 
Fact Sheet AGW-439-59.
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Definition A small stone dam structure with a weir outlet with a sediment storage area on 
the upper side.

Purpose To reduce erosion in a drainage channel by restricting the velocity of flow.  
This structure also has some ability to provide sediment control.

Conditions Where 
Practice Applies

This temporary practice may be used in the following locations:

• At outlets of temporary diversions, graded channels, and temporary slope 
drains;

• In small natural drainage turnouts; and

• In locations where the dams can be easily cleaned and maintained on a 
regular basis. 

Do not use a check dam with a weir in intermittent or perennial streams. 

Planning 
Considerations

Check dams are an expedient way to reduce gullying in the bottom of channels 
that will be filled or stabilized at a later date.  The dams should only be used 
while permanent stabilization measures are being put into place.  

Check dams installed in grass-lined channels may kill the vegetative lining if 
submergence after it rains is too long and/or sedimentation is excessive.  All 
stone and riprap must be removed if mowing is planned as part of vegetative 
maintenance.

Design Criteria The following criteria should be used when designing a check dam with a 
weir:

• Keep the weir at least 9 inches lower than the outer edges at natural 
ground elevation.  The weir length is variable to the size of the drainage 
area and peak runoff.  The weir length may be sized as:

L (ft) = Q peak (csf)
       0.88

• Keep the side slope of the stone at 2:1 or flatter. 

• The apron length (lower side of dam) should be approximately three times 
the height of the dam with a minimum length of 4 feet.  Stabilize outflow 
areas along the channel to resist erosion. 

• The maximum spacing between dams places the toe of the upstream dam 
at the same elevation as the top of the downstream dam (Figure 6.84a). 

• Use NC DOT Class B stone and line the upstream side of the dam with 
NC DOT #5 or #57 stone. 

• Key the stone into the ditch banks and extend it beyond the abutments a 
minimum of 1.5 feet to avoid washouts from overflow around the dams.  

• Sediment storage area should be sized for the anticipated volume of 
sedimentation.
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Construction 

Specifications
1. Place structural stone (Class B) to the lines and dimensions shown on 
the plan on a filter fabric foundation.  The crest width of the dam should be a 
minimum of 2 feet.

2. Keep the center stone section at least 9 inches below the end where the 
dam abuts the channel banks. 

3. Place sediment control stone (#5 or #57) on the upstream side of the dam 
that is a minimum of 1 foot thick.  

4. Provide an apron that is 3 times the height of the dam.  The apron width 
is at least 4 feet long.  Undercut the apron so that the top of the apron is flush 
with the surrounding grade.

5. Extend the stone at least 1.5 feet beyond the ditch bank to keep water from 
cutting around the ends of the check dam.  

6. Excavate sediment storage area to the dimensions shown on the plan

Maintenance Inspect check dams and channels at least weekly and after each significant (1/2 
inch or greater) rainfall event and repair immediately.  Clean out sediment, 
straw, limbs, or other debris that could clog the channel when needed.  

Anticipate submergence and deposition above the check dam and erosion from 
high flows around the edges of the dam.  Correct all damage immediately.  If 
significant erosion occurs between dams, additional measures can be taken 
such as, installing a protective riprap liner in that portion of the channel 
(Practice 6.31, Riprap-line and Paved Channels).

Remove sediment accumulated behind the dams as needed to prevent damage 
to channel vegetation, allow the channel to drain through the stone check dam, 
and prevent large flows from carrying sediment over the dam.  Add stones to 
dams as needed to maintain design height and cross section.

References Runoff Conveyance Measures 
6.31, Riprap-lined and Paved Channels

North Carolina Department of Transportation 
Standard Specifications for Roads and Structures
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