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b. Soil compaction severely hinders seeding success rate and increases runoff rates.  If the area 

has been compacted by heavy equipment, the surface to be seeded should be chisel plowed to 

a depth of 6 to 12 inches once heavy equipment has been removed from the area. 

 

c. The soil pH should have a range of 5.5 to 7.5.  Where soils are known to be highly acidic (pH 

6.0 and lower), lime should be applied at the rate recommended by the soil-testing laboratory. 

 

d. Fertilizer application is required for temporary seeding. 

 

5. Seed Mixture:  Unless a specific seed mixture is required, the seed mixtures described in 

SUDAS Specifications Section 9010 may be utilized.  These are annual seed mixtures and are 

only intended to provide protection for one growing season (6 to 8 months).  For applications 

requiring protection longer than one growing season, reseeding in the spring or dormant seeding 

in the fall may be required.  Alternatively, areas which will not be disturbed for a period greater 

than can be protected by a temporary seed mixture, should have permanent seeding applied (refer 

to Section 7E-24) 

 
Table 7E-22.01:  Temporary Erosion Control Mixes  

 

Seed Mixture Allowable Seeding Dates 

Spring Mix March 1 - May 20 

Summer Mix May 21 - August 14 

Fall Mix August 15 - September 30 
 

Source: SUDAS Specifications Section 9010 

 

6. Weather:  When seeding, be aware of the weather.  Do not seed when heavy rainfall is predicted, 

during windy weather or on wet/frozen ground (hydroseeding and pneumatic seeding may be an 

exception to seeding on wet/frozen ground). 

 

7. Matting:  A rolled erosion control product is recommended for slopes steeper than 3:1.  RECPs 

may also be required for flatter slopes greater than 100 feet in length, to hold the seed in place 

and protect new vegetation from runoff until it becomes established.  Refer to Section 7E-5 - 

Temporary Rolled Erosion Control Products. 

 

8. Mulching:  For temporary seeding, mulching is advised when seeding in the summer or during 

excessively hot or dry weather to maintain moisture levels; in the fall for winter cover; on slopes 

steeper than 3:1; and on adverse soils (shallow, rocky, or high in clay or sand).  Mulching is not 

advised in concentrated flow situations.  Refer to Section 7E-17 - Erosion Control Mulching. 

 

9. Moisture:  If normal rainfall is insufficient to ensure vegetation establishment, mulching, 

matting, or controlled watering should be completed to keep seeded areas adequately moist. 

 

C. Application  
 

In order to achieve the appropriate vegetation density, temporary seed mixtures and fertilizer should 

be applied at the rates specified in the SUDAS Specifications. 
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D. Maintenance 
 

Once the area is seeded, it should not be disturbed and should be protected from traffic.  Newly 

seeded areas should be inspected weekly as part of the overall erosion control inspection, to ensure 

that grass is growing satisfactorily.  Areas that have bare spots or where erosion has occurred, should 

be re-seeded.  Temporary seeding should be maintained until the area is again disturbed by 

construction, or permanent stabilization is achieved. 

 

E. Time of Year 
 

The temporary seeding mixture used should be based upon the time of year as indicated in Table 7E-

22.01.  The dates given are approximate and may be adjusted to account for annual weather patterns. 
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Grass Channel 
 

 

    
    
  BENEFITS  
    L M H  
  Flow Control      
        

  Erosion Control      
        

  Sediment Control      
        

  Runoff Reduction      
        

  Flow Diversion      
        

Source:  NRCS photo gallery      
 

Description:  Grass channels consist of ditches, swales, or waterways that are lined with vegetation to stabilize 

the surface from erosion. 

 

Typical Uses:  Used to carry intermittent, low to moderate concentrated flows of surface runoff. 

 

Advantages: 

 Low cost method of conveying surface runoff. 

 Highly effective for controlling channel erosion for low to moderate flows. 

 Aesthetically pleasing. 

 Reduces flow velocity and removes sediment. 

 

Limitations: 

 Cannot withstand forces from high flows. 

 There may be some difficulty establishing vegetation. 

 Not suitable for channels that carry constant flows, or that remain submerged for extended periods of time. 

 

Longevity:  Permanent  

 

SUDAS Specifications:  Refer to Section 9010 (Seeding) or 9020 (Sodding) 
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A. Description/Uses 
 

Grass channels consist of swales, ditches, and waterways that are lined with permanent vegetation.  

The purpose of the vegetation is to stabilize the surface of the channel and prevent erosion from 

concentrated stormwater flow. 

 

Because these structures are lined with vegetation, they cannot be used for channels which have 

constant flow, or which will be submerged for extended periods of time. 

 

Grass channels are the least costly and most aesthetically pleasing option for lining channels. 

 

B. Design Considerations 
 

As water flows through any conduit or channel, the surface of the conduit or channel imparts drag on 

the flowing water.  The amount of drag a particular surface will create is related to the commonly 

known Manning’s “n” coefficient.  This drag force not only slows the flow of the water, but also 

imparts a corresponding force onto the lining of the channel.  This force is known as shear stress. 

 

The ability of a channel to withstand shear stress is dependent on the properties of the lining.  If the 

shear stress imposed on the bottom and sides of a channel by the flowing stormwater exceeds the 

ability of the channel lining to withstand it, the lining will be moved or damaged.  Various types of 

vegetation provide different levels of resistance to shear.  Table 7E-23.01 lists the various 

classifications of vegetation that have been established and analyzed. 

 

Prior to movement of the lining, the underlying soil is protected from the erosive forces of the 

flowing water.  Therefore, the erodibility of the underlying soil has little effect on the permissible 

shear stress of the lining.  However, if the grass lining is moved or damaged, the underlying soil 

properties become a significant factor in determining the degree of erosion that will occur. 

 

Calculating shear stress in a channel is a two step process.  First, the depth of flow in the channel is 

determined with Manning’s equation.  For temporary stabilization, the channel liner should be 

designed to carry a 2 year storm event.  For permanent stabilization, the liner should be designed for a 

10 year event. 

 

For most channel lining materials, Manning’s n value does not vary significantly as the depth of flow 

varies, and is normally assumed to be constant.  For grass channels however, the n value varies 

greatly with the depth of flow.  This variation is caused by the reaction of the grass to the flow.  As 

flow depth increases, the grass is bent over, thereby reducing its height and changing the resistance it 

imparts on the flow. 

 

The following equations, along with the vegetation data listed in Table 7E-23.02, can be used to 

calculate the Manning value for a given depth of flow and vegetation type.  For vegetated conditions, 

NRCS has determined that actual Manning’s n values range only from 0.02 to 0.5.  When calculated 

values fall outside of this acceptable range, the designer should use the upper or lower limit of the 

range.  If the denominator of Equation 7E-23.01 is zero or less than zero, a Manning’s n value of 0.5 

should be used. 

 



Chapter 7 - Erosion and Sediment Control Section 7E-23 - Grass Channel 

 

 3 Revised:  2013 Edition 
 

    4.04.14.06.0

6
1

SRlogMEIh8.44log97.19

R
n





 Equation 7E-23.01 

 

Where: 

 

n = Manning’s coefficient (dimensionless) 

R = Hydraulic radius (ft.) 

h = Average height of vegetation; from Table 7E-23.01 (ft) 

MEI = Stiffness factor; from Table 7E-23.02 (lb.∙ ft
2
) 

S = Channel slope (ft/ft) 

 
Source:  Chen & Cotton, 1988 (HEC-15) 

 

Because the Manning coefficient changes with depth, calculating the depth of flow is an iterative 

process.  Once the flow depth is determined, the shear stress on the channel liner is determined by the 

following equation: 

 

Sdd   Equation 7E-23.02 

 

Where: 

 

τd = Shear stress in channel at maximum depth (lbs/ft
2
)

 

γ = Unit weight of water (62.4 lbs/ft
3
) 

d = Depth of flow (ft) 

S = Channel slope (ft/ft) 

 

The shear stress distribution along the wetted perimeter of a channel is not uniform, as indicated in 

Figure 7E-23.01.  In a trapezoidal channel, the peak shear stress in a straight channel occurs at the 

center of the bottom of the channel.  The stress in the corners of the channel approaches zero.  The 

peak shear stress along the sides of a straight channel occur near the bottom third of the channel. 

 

Figure 7E-23.01:  Stress Distribution in a Trapezoidal Channel 
 

 
 

Source:  Adapted from Chen & Cotton, 1988 (HEC-15) 

 

If the flow travels around a bend, the current imposes additional forces on the channel as the flow is 

redirected.  These forces result in increased shear stress on the bottom and sides of the channel.  The 

additional shear stress imposed on the channel is related to the ratio of the radius of the bend, Rc, and 

the bottom width of the channel, b.  As the bend becomes sharper, the shear stress increases.  The 

maximum shear stress in the bend is determined by multiplying the calculated shear stress in a 

straight section of channel by the bend coefficient, Kb (Equation 7E-23.03).  Kb is determined from 

Figure 7E-23.02. 
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dbb K   Equation 7E-23.03 

 

Figure 7E-23.02:  Bend Coefficient for Maximum Shear Stress in Channel Bends 
 

 
 

Source:  Chen & Cotton, 1988 (HEC-15) 

 

As flow travels around a bend, the increased shear stresses begin along the inside radius and move 

toward the outside.  These increased stresses are also transmitted down the channel for a distance Lp, 

due to the turbulence created in the flow as it traveled around the bend (see Figure 7E-23.03).  This 

distance can be determined by Equation 7E-23.04.  When additional channel protection is provided in 

the bend, it should also be extended through this length. 
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n

R
604.0L

6
7

p   Equation 7E-23.04 

 

Where: 

 

Lp = Length of protection required downstream of bend, ft 

R = Hydraulic radius 

n = Manning’s coefficient 

 

Figure 7E-23.03:  Shear Stress Distribution in a Channel Bend 
 

 
 

Source:  Adapted from Chen & Cotton, 1988 (HEC-15) 

 

Once the anticipated shear stress on the channel liner is determined, it is compared to the allowable 

shear stress values of the proposed vegetation.  If the calculated shear stress value exceeds the 

allowable shear stress of the liner, additional protection may be required.  Depending on the level of 

shear stress anticipated, additional protection may be provided by an alternate type of vegetation, by 

reinforcing the vegetation with a turf reinforcement mat, lining the channel with rip rap, or modifying 

the geometrics of the channel. 

 

For channels where establishment of vegetation may be difficult, a rolled erosion control product may 

be considered.  A complete discussion on RECPs can be found in Section 7E-5. 

 

A more complete discussion on channel stabilization is provided in Chapter 2 - Stormwater. 
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Table 7E-23.01:  Classification of Vegetation 
 

Vegetation 

Class 
Cover Condition 

A 
Weeping lovegrass Excellent stand, tall (average 30”) 

Yellow bluestem ischaemum Excellent stand, tall (average 36”) 

B 

Kudzu Very dense growth, uncut 

Bermuda grass Good stand, tall (average 12”) 

Native grass mixture 

 (little bluestem, bluestem, blue grama, 

 other long and short Midwest  grasses)  

Good stand, unmowed 

Weeping lovegrass Good stand, tall (average 24”) 

Lespedeza serices Good stand, not woody, tall (average 19”) 

Alfalfa Good stand, uncut (average 11”) 

Weeping lovegrass Good stand, unmowed (average 13”) 

Kudzu Dense growth, uncut 

Brome, smooth Good stand, mowed (average 12” to 15”) 

Tall fescue Good stand, uncut (average 18”) 

Tall fescue with birdsfoot trefoil Good stand, uncut (average 18”) 

Grass - Legume mixture -  

 Timothy, Smooth bromegrass, or 

 Orchardgrass 

Good stand, uncut (average 20”) 

Blue grama Good stand, uncut (average 13”) 

C 

Crabgrass Fair stand, uncut (10” to 48”) 

Bermuda grass Good stand, mowed (average 6”) 

Red top Good stand, headed (15” to 20”) 

Common lespedeza Good stand, uncut (average 11”) 

Grass-legume mixture - Summer  

 (orchard grass, redtop, Italian 

 ryegrass, and common lespedeza) 

Good stand, uncut (6” to 8”) 

Centipedegrass Very dense cover (average 6”) 

Kentucky bluegrass Good stand, headed (6” to 12”) 

D 

Bermuda grass Good stand, cut to 2.5” height 

Common lespedeza Excellent stand, uncut (average 4.5”) 

Buffalo grass Good stand, uncut (3” to 6”) 

Grass-legume mixture 

 fall, spring (orchard grass, redtop, 

Italian ryegrass, and common lespedeza) 

Good stand, uncut (4” to 5”) 

Kentucky bluegrass or Lespedeza sericea 
Good stand, cut to 2” height.  Very good 

stand before cutting. 

Red fescue Good stand (headed (12” to 18”) 

E 
Bermuda grass Good stand, cut to 1.5” height 

Bermuda grass Burned stubble 
 

Note: covers classified have been tested in experimental channels.  Covers were green and generally uniform 

Items shown in Bold are seed varieties included in the SUDAS Specifications. 
 

Source:  Chen & Cotton, 1988 (HEC-15) and USDA NRCS, 1986 
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Table 7E-23.02:  Vegetation Properties 
 

Vegetation 

Class 

Permissible Shear Stress 

(lb/ft
2
) 

Average Height, h 

(feet) 

Stiffness, MEI 

(lb/ft
2
) 

A 3.7 3.0 725 

B 2.1 2.0 50 

C 1.0 0.66 1.2 

D 0.6 0.33 0.12 

E 0.35 0.13 0.012 
 

Source:  Chen & Cotton, 1988 (HEC-15) 
 

C. Application  
 

Grassed channels are an excellent low-cost stabilizing method for swales and ditches that carry 

intermittent low to moderate concentrated flows. 

 

D. Maintenance 
 

Proper maintenance of the channel is critical.  For designs where vegetation is assumed to be 

unmowed or at a minimum height, it is important to ensure that the vegetation in the channel is 

maintained in the manner intended.  Mowing a channel, which was not designed to be kept at a short 

height, could result in failure of the grass channel.  If there is a possibility that the channel could be 

mowed, it should be designed as such. 

 

Newly seeded or sodded areas should be maintained and watered as required to ensure establishment 

of the grass.  See Sections 7E-22 - Temporary Erosion Control Seeding and 7E-25 - Sodding. 

 

E. Time of Year 
 

Grass channel liners require the vegetation to be well-established in order to provide maximum 

protection from erosion.  Seeding a channel near the end of the annual seeding window may not allow 

enough time for the vegetation to develop sufficiently to resist flows from winter snowmelt or spring 

rains. 

 

F. Design Example 
 

Assume a grass channel with a 3 foot bottom, 4:1 side slopes, and a slope of 1% is designed to carry 

24 cfs.  Determine if the proposed Class C vegetation is adequate. 

 

Solution: 

 

First, use Manning’s equation to find the depth of flow.  This can be done through a trial and error 

process, or by using various tables and charts.  For grass channels, Manning’s n value varies, and 

must be calculated based upon the depth of flow.  From Table 7E-23.02, the average height, h, for 

Class C vegetation is 0.66 ft, the stiffness, MEI, is 1.2 lb·ft
2
, and the permissible shear stress is 1.0 

lbs/ft
2
. 
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Trial 1 - Assume a trial depth of 1.2 feet. 

 

Area of Flow,     4.92.12.143ddZbA  ft
2 

Wetted Perimeter,     9.122.142.123Zdd2bP
2222  ft 

Hydraulic Radius, 73.09.124.9PAR  ft 

 

Manning coefficient (from Equation 7E-23.01): 

    
092.0

01.73.0log2.166.08.44log97.19

73.0
n

4.04.14.06.0

6
1







 

 

Solving Manning’s yields:       2.1201.073.04.9
092.0

49.1SAR
n

49.1Q 2
1

3
2

2
1

3
2

 cfs 

 

Since 12.2 cfs is lower than the design value of 24 cfs, a larger depth should be assumed. 

 

Trial 2 - Assume a depth of 1.5 feet. 

 

Following the procedure for Trial 1: A = 13.5; P=15.4; R=.88; n= 0.077; Q= 24 cfs 

Now that the depth of flow is known, the shear stress on the channel bottom can be determined by 

Equation 7E-23.02. 

 

94.001.05.14.62Sdmax   lbs/ft
2
 

 

Since the maximum shear stress of 0.94 lbs/ft
2
 is less than the capacity of the grass channel liner (1.0 

lbs/ft
2
), the design should be adequate to protect the channel from erosion. 
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Permanent Seeding 
 

 

    
    
  BENEFITS  
    L M H  
  Flow Control      
        

  Erosion Control      
        

  Sediment Control      
        

  Runoff Reduction      
        

  Flow Diversion      
        

Source:  Iowa NRCS, 2004      
 

Description:  Permanent seeding is a means of establishing permanent, perennial vegetative cover on disturbed 

areas.  The purpose of permanent seeding is to prevent erosion, remove sediment from runoff, reduce the volume 

of runoff, and improve water quality. 

 

Typical Uses:  Permanent seeding is used to stabilize the ground after grading and land-disturbing activities have 

been completed, or whenever construction activities will be halted for a time period longer than temporary 

seeding can provide protection (i.e. one growing season). 

 

Advantages: 

 Relatively low cost. 

 Most common method of providing permanent stabilization of disturbed ground. 

 Highly effective as a stand-alone measure in all but the most extreme situations (i.e. continuously flowing 

channels, steep slopes, high flows, etc.). 

 Competes with undesirable vegetation and noxious weeds. 

 Vegetation absorbs water, reducing the volume of stormwater runoff. 

 Vegetation filters out sediment and other pollutants, improving water quality. 

 Provides an aesthetically pleasing, finished look to the site. 

 

Limitations: 

 Does not provide instant protection; requires sufficient time and moisture to establish. 

 Difficult to establish in area subjected to concentrated flows. 

 Seasonal limitations on planting may not coincide with construction schedule. 

 

Longevity:  Permanent  

 

SUDAS Specifications:  Refer to Section 9010 (Seeding) 
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A. Description/Uses 
 

Permanent seeding consists of planting perennial vegetation on disturbed/denuded soil areas.  

Through seeding, a fibrous root system is established.  This holds the soil in place and provides a 

canopy over the soil, protecting it from raindrop impact.  The vegetation slows the velocity of the 

runoff, protecting the surface from sheet and rill erosion, while allowing suspended sediment to be 

removed.  Vegetation also absorbs water from the soil, reducing the total volume of runoff. 

 

B. Design Considerations 
 

Permanent seeding is the most commonly used method of providing permanent surface stabilization.  

It is an economical, long-term method of providing highly effective stabilization, and is aesthetically 

pleasing.  However, in order to be effective, the designer must select the proper vegetation and 

recognize the practical limits of vegetation. 

 

The following should be considered for all sites prior to permanent seeding: 

 

1. Site Stabilization:  Steep slopes, which increase the erosion hazard, should be minimized.  

Vegetation alone is normally an effective method of stabilizing slopes that are 3:1 or flatter.  For 

slopes steeper than 3:1, or for flatter slopes carrying runoff from upland areas, a rolled erosion 

control product may be required to provide slope stabilization until the vegetation is established. 

 

In addition, slopes that are very steep (2:1 or greater) and areas that receive intermittent 

concentrated flows may require application of a turf reinforcement mat to provide permanent 

reinforcement to the vegetation. 

 

2. Sediment and Water Control Devices:  Measures should be taken to divert sheet and 

concentrated flows away from areas that are to be seeded until the vegetation is established. 

 

3. Seeding Methods:  There are four seeding methods to consider: 

 

a. Broadcast seed spreader/cyclone seeder 

 

b. Mechanical drill or cultipacker 

 

c. Hydroseeder in which the seed is intermixed with mulch and water to create a slurry 

 

d. Pneumatic seeder in which the seed is intermixed with compost or a compost/soil blend 

 

When hydroseeding and pneumatic seeding are utilized, the surface may be left with a more 

irregular surface, since these practices will fill small depressions and cover small bumps.  

These two types of seeding methods can be used in situations where slope and accessibility is 

a limiting factor and seedbed preparation is not possible, or where the application of seed, 

mulch and fertilizer (if necessary) in one operation is desirable. 

 

Hand broadcasting seed may be utilized for small or inaccessible areas; however it is not 

recommended for larger areas because of the difficulty in achieving a uniform distribution. 

 

4. Seedbed Preparation:  Proper seedbed preparation is essential for the seed to germinate and 

develop into a dense, healthy stand of vegetation. 

 

a. Subsoil Preparation:  Newly graded areas may be severely compacted by the weight of 

heavy earth-moving and construction equipment.  Disking or tilling reduces compaction in 
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the uppermost layer of the soil, providing an adequate growing bed for the seed; however, the 

soil below this level may remain severely compacted.  This compacted layer acts as an 

impermeable barrier, slowing or preventing the infiltration of water into the ground.  

Infiltration of precipitation reduces runoff, and recharges groundwater supplies.  Techniques 

for reducing ground compaction, such as deep tillage, should be investigated. 

 

b. Topsoil:  In order to provide an adequate growing medium, a minimum of 6 inches of topsoil 

should be placed over the disturbed area prior to seeding.  Deeper topsoil depths (8-12 inches 

or greater) are desirable as they increase the organic matter available for use by the plants, 

allow for deeper root penetration and increase the moisture holding ability of the soil.  These 

benefits will increase the drought tolerance and long-term health of the vegetation.  Where 

sufficient topsoil is not available, composted material may be incorporated at the rate of 1 

inch of compost for every 3 inches of deficient topsoil. This will increase the organic matter 

content of the soil, and provide an adequate growing medium for vegetation. 

 

c. Soil pH:  The soil pH should have a range of 5.5 to 7.5.  Where soils are known to be highly 

acidic (pH 6.0 and lower), lime should be applied at the rate recommended by the soil-testing 

laboratory. 

 

d. Soil Fertilization:  Soil fertilization is required for permanent seeding.  Fertilizer rates 

specified in the SUDAS Specifications are recommended for most applications.  Sites without 

sufficient topsoil or low organic matter may require higher fertilizer rates, or fertilizer with a 

higher nitrogen concentration. 

 

5. Seeding Properties: 

 

a. General Mixtures:  The SUDAS Specifications provide a number of seed mixes that are 

acceptable for most general applications.  These mixes and a description of their intended 

usage are shown in Table 7E-24.01. 

 

Table 7E-24.01:  SUDAS Seeding Mixtures 
 

Description Typical Uses Allowable Seeding Dates 

Type 1 - Permanent Lawn 

Mixture 

Used for residential and commercial 

turf sites.  Fertilized; typically mowed. 

March 1 - May 31 

August 10 - September 30 

Type 2 - Permanent Cool -

Season Mixture for Slopes and 

Ditches 

Not typically mowed. Reaches 

maximum heights of 2 to 3 feet; low 

fertility requirements; grows in spring 

and fall; can go dormant in summer. 

March 1 - May 31 

August 10 - September 30 

Type 3 - Permanent Warm-

Season Slope and Ditch Mixture 

Not typically mowed.  Reaches heights 

of 5 to 6 feet; stays green throughout 

summer; responds well to being burned 

in spring; do not apply fertilizer. 

March 1 - June 30 

Type 4 - Temporary Erosion 

Control Mixture 

Short-lived (6 to 8 months) mix for 

erosion control. 

March 1 - September 30  

(seeding dates vary by 

seasonal mix) 

Wetland Seeding 
Used in areas designated for wetland 

grass seeding. 

April 1 - June 30 

August 1 - August 31 

Native Grass and Wildflower 

Seeding 

Used in areas designated for native 

grass and wildflower seeding. 
April 1 - June 30 
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b. Special Mixtures:  Some sites require specifically designed or selected mixtures to address 

individual site characteristics.  Site characteristics that require special consideration include 

very shady areas, detention ponds, wet areas, streambanks, severe slopes, and areas with poor 

soils. 

 

6. Weather:  When seeding, be aware of the weather.  Do not seed when heavy rainfall is predicted, 

during windy weather or on wet/frozen ground (hydroseeding and pneumatic seeding may be an 

exception to seeding on wet/frozen ground). 

 

7. Matting:  A rolled erosion control product is recommended for slopes steeper than 3:1.  RECPs 

may also be required for flatter slopes greater than 100 feet in length, to hold the seed in place 

and protect new vegetation from runoff until it becomes established.  Refer to Section 7E-5 - 

Temporary Rolled Erosion Control Products. 

 

8. Mulching:  Mulching is recommended for most permanent seeding applications.  Mulch aids in 

stabilizing the surface until vegetation is established.  Mulch also helps retain soil moisture and 

maintains temperature conditions favorable to germination. Refer to Section 7E-17 - Erosion 

Control Mulching. 

 

9. Moisture:  If normal rainfall is insufficient to ensure vegetation establishment, mulching, 

matting, or controlled watering should be completed to keep seeded areas adequately moist. 

 

C. Application 
 

In order to achieve a dense, healthy stand of vegetation that will provide long-term surface 

stabilization, seed mixtures and fertilizer should be applied at the rates specified in the SUDAS 

Specifications. 

 

D. Maintenance 
 

Once the area is seeded, it should not be disturbed and should be protected from traffic.  Newly 

seeded areas should be inspected weekly as part of the overall erosion control inspection, to ensure 

that grass is growing satisfactorily.  Areas that have bare spots, or where erosion has occurred should 

be re-seeded. 

 

E. Time of Year 
 

The seed mixtures within the SUDAS Specifications should be placed within the dates specified, or as 

weather conditions allow and if approved by the Jurisdictional Engineer. 
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Source:  Welch, J.     
 

Description:  A section of grass-covered surface soil held together by matted roots that is cut in pre-determined 

sections, transported, and delivered directly to the job site ready to install. 

 

Typical Uses:  Sod is placed to prevent erosion and damage from sediment and water by stabilizing the soil 

surface and to improve the visual quality and utility of the area quickly.  Sod is typically used in residential or 

commercial areas where prompt use or aesthetics are important such as building entrance zones or high activity 

areas.  Sod is also used in areas of intermittent concentrated flow such as waterways and channels.  Sod may also 

be utilized in critical areas such as storm drain inlets, steep slopes, and any area where conditions make seeding 

impractical or impossible. 

 

Advantages: 

 Provides immediate erosion and dust control. 

 Provides finished landscape appearance at time of installation. 

 Reduces likelihood of weed growth. 

 Placement can occur any time soil moisture is adequate and ground is not frozen. 

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

 

Limitations: 

 More costly when compared to seeding and mulching. 

 Vegetation selection is limited (typically a cool-season bluegrass based mix). 

 Time is necessary for root establishment. 

 Watering is required to ensure establishment. 

 

Longevity:  Permanent  

 

SUDAS Specifications:  Refer to Section 9020 (Sodding)  
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A. Description/Uses 
 

Sodding consists of transplanting turf-type vegetation to promptly stabilize areas that are subject to 

erosion.  Sod may be field sod or commercial sod, a cultured product utilizing specific grass species.  

A sodded area provides one of the best methods for preventing soil particles from leaving the site, 

providing immediate protection against soil erosion from water and wind. 

 

B. Design Considerations 
 

The following should be considered for all sites stabilized with sod. 

 

1. Fertilization:  Test soil to determine the exact requirements for lime and fertilizer.  Soil tests 

should be conducted by the state soil testing lab or a reputable commercial laboratory. 

Information on soil testing and testing services is available from the Iowa State University 

Extension (http://www.extension.iastate.edu/). 

 

2. Site Preparation:  In areas where topsoil has been stripped, a sodbed should be constructed by 

spreading a minimum of 6 inches of topsoil prior to sodding. Deeper topsoil depths (8 to12 inches 

or greater) are desirable as they increase the organic matter available for use by the plants, allow 

for deeper root penetration and increase the moisture holding ability of the soil.  These benefits 

will increase the drought tolerance and long-term health of the vegetation.  Where sufficient 

topsoil is not available, composted material may be incorporated at the rate of 1 inch of compost 

for every 3 inches of deficient topsoil. 

 

The top of the completed sodbed should contain a minimum soil organic matter content of 5%.  In 

areas where topsoil has not been stripped, and the soil organic content is low, compost may be 

placed, as required, to increase the soil organic matter content. 

 

The top 3 inches of the sodbed should be prepared by tilling, and the surface cleared of any trash, 

debris, roots, branches, and stones or clods larger than 3/4 inch in diameter.  Any low spots 

should be filled or leveled to avoid standing water.  The fertilizer and any other soil amendments 

should be uniformly applied and incorporated into the top 1 1/2 inches of the soil by tilling or 

disking.  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. 

 

Newly graded areas may be severely compacted by the weight of heavy earth moving and 

construction equipment.  Disking or tilling reduces compaction in the uppermost layer of the soil, 

providing an adequate growing bed for the sod; however the soil below this level may remain 

severely compacted.  This compacted layer acts as an impermeable barrier, slowing or preventing 

the infiltration of water into the ground.  Infiltration of precipitation reduces runoff and recharges 

groundwater supplies.  Techniques for reducing ground compaction, such as deep tillage, should 

be investigated. 

 

3. Installation Techniques:  Sod should be placed as soon as possible after the ground surface has 

been graded, to take advantage of the ground moisture, and installed within 36 hours of cutting.  

The soil should be slightly moist, but firm enough not to leave depressions if walked on.  Install 

sod in a straight line at right angles to the direction of the slope, starting at the base of the area to 

be sodded and working uphill. Sodding operations should be planned so that sloped areas can be 

completely protected, from bottom to top, prior to halting operations for the day, or before 

significant precipitation is expected.  The angled ends caused by the automatic sod-cutting 

machine must be matched correctly. 

 

http://www.extension.iastate.edu/
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Figure 7E-25.01:  Proper Sod Installation 
 

 

 

 

Source:  Kansas City APWA, 2003 

 

Place the strips together tightly so that no open joints are left between strips or between the ends 

of strips.  Lateral joints shall be staggered in a brickwork-type pattern to promote uniform growth 

and strength.  Sod should not be overlapped or stretched, and all joints should be butted tightly to 

prevent voids.  Sod should be laid perpendicular to the flow of water on slopes and in waterways.  

The edges of the sod at the top of the slopes should be slightly tucked under. A layer of soil 

should be compacted over the edge to conduct surface water over and onto the top of the sod.  Fill 

any spaces between the joints and all sod edges with at least 2 inches of topsoil. 

 

Care shall be taken to prevent voids or over-exposure of the roots, which would cause drying. As 

sodding of defined areas is completed, sod shall be rolled or tamped to provide firm contact 

between roots and soil. Seam openings between the mats are a sign the turf is shrinking and that 

the sod requires more water.  Gaps between edges or ends of sod mats should be filled with 

topsoil and rolled.  If sod placement is delayed, it should be kept cool and moist.  When placed on 

slopes steeper than 3:1, or in areas subject to concentrated flow, the sod should be anchored with 

pins, staples, or other approved methods at the ends and center, or every 3 to 4 feet for longer 

strips, to prevent movement. Sod should be kept moist until it is firmly rooted which typically 

takes a minimum of two weeks (see supplemental watering). 

 

4. Sod Properties:  Sod should be of high quality, which the genetic origin is known, free of 

noxious weeds, disease, and insect problems consisting of a 3/4 inch mat of vigorous turf.  It 

should appear healthy and vigorous, and conform to the following specifications: 

 

a. Sod should be live grass, machine cut at a uniform depth of 1/2 to 2 inches (excluding shoot 

growth and thatch). 

 

b. Sod strips should be cut with smooth, clean edges and square ends to facilitate laying and 

fitting. 

 

c. Sod should not be cut in excessively wet or dry weather. 

 

d. Frozen sod should never be placed. 

 

e. Sod should not be permitted to dry out. 

 

f. Harvested sod pieces can vary from widths of 12 to 48 inches and lengths of 2 to 100 feet, but 

should be in sections strong enough to support their own weight and retain their size and 

shape when lifted by one end. 
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g. As noted in the installation considerations, harvest, delivery, and installation of sod should 

take place within a period of 36 hours. 

 

h. Sod should be moistened after it is unrolled, which helps to maintain its viability, and stored 

in the shade if possible, during installation. 

 

5. Supplemental Water:  After placement is complete, the sod should be irrigated to a depth 

sufficient that the underside of the sod mat and 4 inches of soil below sod is thoroughly wet. 

Irrigate at a rate that does not result in runoff.  The moisture level can be checked by lifting a 

corner of a sod roll, and verifying that water is penetrating well into the subsoil. 

 

As a rule of thumb, watering should be scheduled as follows: 

 

a. First Week:  The sod soil should be kept moist at all times. During dry spells, the sod should 

be watered daily, or as often as necessary to maintain moist soil.  The sod should be watered 

during the heat of the day to prevent wilting. 

 

b. Second and Subsequent Weeks:  Water sod to maintain adequate moisture in the soil until 

the grass takes root.  This can be determined by gently tugging on the sod.  Resistance 

indicates that rooting has occurred. 

 

c. Summer Installations (June through August):  Summer installations require high levels of 

attention to water application needs, as newly installed sod will dry out rapidly, suffering 

significant setback or total loss. 

 

C. Application 
 

The NPDES General Permit No. 2 requires that all disturbed areas, where no construction activities 

are scheduled for a period of 21 calendar days or more, be stabilized within 14 days of the final 

construction activity.  Sodding is one way to meet this requirement. 

 

D. Maintenance 
 

The sodded area should be inspected daily for at least two weeks, or until the sod is established, to 

ensure that the moisture content is sufficient and that root establishment is proceeding.  The sod 

should not be mowed regularly until it is well established, and the roots have knitted down.  The turf 

should never be mowed shorter than 2 1/2 inches and no shorter than 3 inches during June, July, and 

August, in order to increase drought tolerance. 

 

E. Time of Year 
 

Sod availability is seasonal, although it can be laid in nearly all weather conditions.  Sod laid during 

the middle of the summer will require significantly more maintenance and watering.  If the ground is 

frozen, sod cannot be cut and should not be laid; however, if it is available, unfrozen, dormant sod 

can be laid on unfrozen ground, provided there is not a significant layer of snow. 
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Description:  A filter strip is a natural system that uses plants to filter stormwater runoff.  The vegetated filter 

strip (VFS) serves as a perimeter buffer zone and a last defense between an area needing protection, such as a 

street or water body (stream, wetland, lake, etc.), and the adjacent property.  Its primary purpose is to remove 

sediment and other pollutants from runoff water by filtration, deposition, infiltration, absorption, and vegetative 

uptake. 

 

A VFS relies on the use of vegetation to slow runoff velocities and filter out sediment and other pollutants from 

construction site runoff.  There can be a significant reduction in runoff volume for smaller flows that infiltrate 

pervious soils while contained within the filter strip.  Sheet flow must be maintained across the entire filter strip 

for it to maintain its effectiveness. 

 

Typical Uses:  As a sediment control practice, a VFS installed specifically during construction is typically used to 

prevent sediment from moving into/onto adjacent property.  It is intended to keep downstream areas free of 

sediment. 

 

Advantages: 

 Natural measure to remove coarse sediment. 

 Reasonably low construction costs. 

 Filter strips are a low-maintenance practice, but maintenance increases as sediment volumes increase. 

 May be able to utilize existing vegetation as a treatment device. 

 Provides an aesthetically pleasing appearance. 

 

Limitations: 

 Are not intended to treat concentrated flow. 

 The disturbed area draining to the vegetated strip should have slopes of 6% or less. 

 Requires more land area than other sediment control practices. 

 

Longevity:  Permanent  

 

SUDAS Specifications:  Refer to Section 9010 (Seeding) or 9020 (Sodding)  
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A. Description/Uses  
 

Vegetative Filter Strips (VFS) are densely vegetated strips of land (typically installed with sod-

forming grasses) with a uniform slope to maintain sheet flow, which are designed to treat runoff and 

remove pollutants through vegetative filtering and infiltration during the construction phase.  A VFS 

is located along the length of the downslope edge of the entire disturbed area to treat the runoff. 

 

A VFS relies on the use of vegetation to slow runoff velocities and filter out sediment and other 

pollutants from construction site runoff.  There can be a significant reduction in runoff volume for 

smaller flows that infiltrate pervious soils while contained within the filter strip.  To be effective, 

sheet flow must be maintained across the entire filter strip. 

 

B. Design Considerations 
 

Because of the large area required to provide adequate treatment, filter strips are generally used to 

treat small drainage areas (less than 5 acres).  However, larger sites that have significant undisturbed 

vegetation or sufficient area for construction of a VFS may be well suited for accommodating a 

vegetated filter strip. 

 

The size of the filter strip depends on the drainage area and the filter strip slope.  Flow must enter the 

filter strip as sheet flow and spread out over the width of the strip.  It is desirable to keep flow depth 

across the strip below a 1/2 inch in order to maintain sheet flow. 

 

A level spreader may be required at the upstream end of the strip to dissipate concentrated flows and 

ensure sheet flow across the strip.  Level spreaders or filter berms should be constructed 

perpendicular to the slope every 100 feet for slopes less than 5% and every 50 feet for slopes greater 

than 5% to prevent concentrated flows from forming. 

 

It should be noted that existing vegetation along a channel or drainage way can be used as a VFS.  By 

simply protecting this vegetation during construction, an inexpensive VFS may be created. 

 

C. Application  
 

There are three different approaches to determining the size of a filter strip: 

 

1. Adjacent to the disturbed ground, a VFS with a minimum width of 25 feet is adequate for treating 

runoff from disturbed areas up to 125 feet in width.  For larger disturbed areas, the width of the 

VFS should be increased by 1 foot for every 5 feet beyond the 125 foot limit. 

 

Figure 7E-26.01:  Vegetated Filter Strip Adjacent to Disturbed Area 
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2. When the VFS is not completely adjacent to the site, it should be sized to be a minimum of 

one-half the area of the disturbed ground (i.e. Length X Width = 1/2 X Disturbed Area).  The 

width of the VFS should be sized according to Manning’s equation (refer to Chapter 2 - 

Stormwater, to limit the flow depth to a 1/2 inch or less (a minimum of width of 25 feet should be 

provided). 

 

Figure 7E-26.02:  Vegetated Filter Strip Downstream of Disturbed Ground 
 

 
 

3. The VFS may also be designed to provide a 20 minute travel time (contact time) for runoff.  This 

level of contact time with the vegetation is able to achieve 85% removal of Total Suspended 

Solids (TSS) (US-EPA, 1980). 

 

D. Maintenance 
 

Vegetated filter strips should be protected from vehicular traffic and construction equipment.  The 

stand of vegetation should be maintained at a height of 3 to 6 inches.  Unwanted weeds, brush, and 

trees should be controlled. 

 

Vegetated filter strips require regular inspection to ensure proper distribution of flows, examine for 

signs of rill formation, and check for and remove accumulated sediment. 
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Source:  Applied Polymer Systems, 2006     
 

Description:  Flocculents are natural materials or a class of chemicals that cause colloidal particles (clay) to 

coagulate.  The coagulated particles group together to form flocs that will settle out of detained stormwater. 

 

Typical Uses:  Used in conjunction with sediment basins and sediment traps to remove suspended clay and fine 

silt particles from stormwater runoff prior to discharge. 

 

Advantages: 

 Ability to remove fine particles that would not settle out otherwise. 

 Increases the percentage of fines removed during the detention period. 

 May be used to remove suspended particles during dewatering operations. 

 

Limitations: 

 Requires specific dosing of the appropriate flocculent to achieve proper sedimentation. 

 Flocculent must be thoroughly mixed with the stormwater. 

 Flocculated particles must still be allowed to settle which takes time. 

 Some flocculents are considered chemical pollutants.  When these are used, the discharge must be carefully 

monitored to ensure that flocculent is adequately removed by settling. 

 Flocculated material must be removed upon completion of the project for basins that are to be converted into 

permanent structures. 

 

Longevity:  Only effective on the runoff volume they are applied to; no long-term benefits 

 

SUDAS Specifications:  Typically, flocculents are only used in special circumstances and therefore have not 

been included in SUDAS Specifications 
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A. Description/Uses 
 

Even with the proper sediment controls in place, suspended clay and loess particles are difficult to 

remove.  Water ponded for days, or even weeks, can remain murky due to the suspension of these fine 

particles.  Flocculents aid in removing these fine particles and may be a desirable treatment method 

for locations with clay or loess soils that are upstream of lakes, ponds, or other sensitive waterways. 

 

B. Design Considerations 
 

Fine soil particles, such as loess and clay particles, are difficult to remove with conventional settling 

techniques (basins, traps, etc.).  The colloidal particles contain a negative electrostatic surface.  

Particles with like charges repel each other, preventing them from sticking together and settling out.  

This allows these small particles to remain in suspension indefinitely. 

 

Coagulants are a class of chemicals that may be added to turbid stormwater to aid in the removal of 

suspended colloidal particles.  Negatively-charged soil particles are attracted to the positively-charged 

coagulant particles.  These particles stick together and form a larger, neutrally-charged particle called 

a floc.  Since the colloidal particle forms a neutrally-charged floc, it no longer repels other particles, 

and can combine with other floc particles.  The process of combining flocs into larger flocs that can 

be settled out of suspension is called flocculation.  While the class of chemicals that ultimately cause 

the process of flocculation are technically called coagulants, the term flocculents has been adopted 

and is more widely used within the industry. 

 

One flocculent that has been commonly used for stormwater applications is Polyacrylamide (PAM).  

Two versions of PAM are available, cationic and anionic.  Only anionic PAM should be used, as 

cationic PAM is considered highly toxic.  Anionic PAM has been used for many years in the water 

and wastewater industry and is considered safe for humans and aquatic life when used at the 

recommended rates. 

 

Chitosan is another flocculent that is derived from the exoskeletons of crustaceans.  It is generally 

considered safe for use in stormwater and water bodies. 

 

A variety of other flocculent materials are available.  Since trace amounts of flocculent will 

undoubtedly be discharged, the product used should be non-toxic and safe for both human and aquatic 

life and should not create Biochemical Oxygen Demand (BOD) problems in the downstream 

discharge waters. 

 

Selection of an appropriate flocculent is highly dependent on the soil particle type and concentration.  

Analysis of a sample of the contaminated water is usually required to select the proper product and 

application rate.  Manufacturers of these products will normally assist in this process. 

 

C. Application 
 

Several different methods of delivery are available for the application of flocculents to stormwater 

runoff.  The most basic involves a solid form of the flocculent, either in block or pellet form, that is 

placed in a wire basket or mesh screen within the runoff as it flows into the sediment basin.  The 

flowing water slowly dissolves the material, releasing flocculent into the basin. 

 

More advanced methods involve equipment that will inject a liquid form of the flocculent into the 

runoff stream or storm sewer pipe at the desired rate. 

 

Portable equipment that treats and filters the runoff is also available.  Contaminated runoff is pumped 
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from a sediment basin, treated with a flocculent, and then passed through sand filters to remove the 

suspended solids.  The treated water may then be discharged. 

 

Regardless of the flocculent material or method used, the material should never be added directly to 

the sediment basin or any standing water, unless adequate agitation is provided.  The flocculent 

product should be introduced well in advance of the sediment control structure to allow for adequate 

mixing before the runoff arrives in the structure. 

 

Adequate facilities need to be provided to allow for the settlement of the flocculated particles.  

Normally, a properly designed sediment basin is sufficient for this application.  The accumulated 

material should be removed and disposed of properly. 

 

D. Maintenance 
 

Sediment should be removed on a routine basis to ensure a volume to receive the sediment.  Timing 

will be based on having ample storage volume to accommodate anticipated runoff.  Retention time 

and sediment storage volume are critical. 

 

E. Time of Year 
 

The effectiveness of the flocculent can be affected by temperature.  The manufacturer should account 

for this when providing specific product and dosing rate recommendations. 
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Description:  A flotation silt curtain (also called a turbidity curtain) consists of a geosynthetic fabric that is 

suspended vertically in a body of water.  The top of the curtain is attached to floats, and the bottom is weighted. 

 

Typical Uses:  Flotation silt curtains are used when construction occurs in a water body or along a stream bank or 

shoreline.  Flotation silt curtains prevent sediment, which is stirred up during construction, from migrating out of 

the work area and into the rest of the water body. 

 

Advantages: 

 Allows for containment of sediment-laden water within a water body. 

 Protects contained water from turbulence, allowing particles to fall out of suspension. 

 

Limitations: 

 Limited to use only in areas where other erosion and sediment control practices cannot be used. 

 Cannot stop the flow of a significant amount of water. 

 Must not be used to filter entire stream flow. 

 Difficult to remove fine silt and clay particles. 

 

Longevity:  One construction season (do not leave in place during winter) 

 

SUDAS Specifications:  Typically, flotation silt curtains are only used in special circumstances and therefore 

have not been included in SUDAS Specifications 
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A. Description/Uses 

 

A flotation silt curtain, also called a turbidity curtain, consists of a heavy geosynthetic fabric that is 

suspended vertically in a water body, with floats at the top, and weights at the bottom.  The purpose 

of the curtain is to act as a divider, preventing sediment laden-water from migrating to the rest of the 

water body. 

 

Flotation silt curtains are commonly used when construction is required near or within a water body, 

where other erosion and sediment control practices cannot be used.  This may include dredging 

operations, stream bank improvements, bridge pier construction, etc. 

 

B. Design Considerations 
 

For ponds or other relatively still water bodies, which do not have significant inflow into the 

containment area, the flotation silt curtain consists of a relatively impermeable membrane that 

provides a barrier between clean water and sediment-laden water.  The barrier creates a containment 

basin, in which sediment is trapped and allowed to fall out of suspension.  Runoff into this type of 

curtain should be minimized, as the available volume is limited. 

 

For situations that have moving water, such as lakes or streams, a provision must be made to allow 

water to flow through the curtain.  This is normally accomplished by constructing part of the curtain 

from heavy filter fabric.  The filter fabric allows water to pass through the curtain, maintaining 

equilibrium, but retaining sediment particles.  While these curtains are designed to allow for some 

water movement, they do not have high flow-through rates, and should not be installed across a 

channel.  When used in a stream, channel, or other body of moving water, the flotation silt curtains 

must be placed parallel to the direction of flow. 

 

Unless the water body is subject to wind or wave actions, the curtain should extend the entire depth of 

the water, and rest on the bottom.  The weighted bottom of the curtain needs to maintain contact with 

the bottom of the water body in order to keep sediment from flowing under the curtain. In order to do 

this, enough slack must be provided to allow the curtain to rise and fall as the depth of the water 

varies, without breaking contact with the bottom of the water body. 

 

In situations where there is significant wind or wave action, the weighted end of the curtain should 

not extend to the bottom of the water body.  Wind/wave action on the flotation system can cause 

movement of the lower end of the curtain, causing it to rub against the bottom, stirring up additional 

sediment.  In these situations, a minimum 1 foot gap should be provided between the lower end of the 

curtain and the bottom of the water body.  In addition, it is not practical to extend the curtain deeper 

than 10 or 12 feet.  Deeper installations can be affected by the moving water, stressing the material, 

and causing the bottom of the curtain to be pushed around, billowing up toward the surface. 

 

When determining the required length of the flotation silt curtain, an additional 10 to 20% should be 

included over the straight-line measurements.  This allows for easier installation and reduces stresses 

caused by high winds and wave action. 

 

Once the curtain has been positioned within the water body, the top is held in place by connecting it 

to anchors that are installed at regular intervals.  The ends of the curtain (both upper and lower) 

should be extended to the shoreline, and anchored to a stable object, such as a tree. 
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C. Application 
 

Flotation silt curtains are divided into three types, Type I, Type II, and Type III, based upon the flow 

conditions within the water body.  The information provided here applies to minimal and moderate 

flow conditions, where the velocity of flow is 5 feet per second or less.  For situations where the flow 

is greater than this, additional investigation is required, and a qualified manufacturer should be 

consulted. 

 

The three types of silt curtains are differentiated by the strength and flow through rate of the fabric, 

and the strength of the connecting materials used: 

 

1. Type I curtains are considered light-duty and are intended for areas where there is no current, and 

where the area is protected from wind and wave action. 

 

2. Type II curtains can be used in areas with moderate running current (up to 3.5 fps), or where wind 

and water currents can affect the curtain. 

 

3. Type III curtains are used in areas with considerable current (up to 5 fps), or where the curtain is 

subject to more severe wind and wave action. 

 

D. Maintenance 
 

A decision must be made on how to handle the accumulated sediment.  Unless the accumulation is 

significant, consideration should be given to leaving this sediment in place.  The process of removing 

the sediment can re-suspend the particles.  Regardless of whether or not the accumulated sediment is 

removed, suspended sediment should always be allowed to settle for a minimum of 24 hours prior to 

removal of the silt curtain. 

 

Once they are suspended in the water, clay and silt particles are difficult to remove by settling 

methods alone.  For waters contaminated with clay or fine silts, the addition of a flocculent to the 

containment area may be considered prior to removal of the silt curtain.  Care must be taken when 

selecting a flocculent as some are detrimental to water bodies and should not be used.  See Section 

7E-6 - Wattles for additional information on flocculents. 

 

E. Time of Year 
 

Sediment curtains should not be left in place during winter months, as ice can cause the curtain to rip 

or be torn from its shoreline supports. 

 





http://www.iowa.gov/
http://www.iowa.gov/




http://www.siltstop.com/
http://www.fs.fed.us/eng/
http://www.co.clackamas.or.us/wes/
http://www.nrcs.usda.gov/Internet/FSE_DOCUMENTS/nrcs142p2_005500.pdf
http://www.jericoservices.com/
http://kcmetro.apwa.net/content/chapters/kcmetro.apwa.net/file/Specifications/APWA5100.pdf


http://www.ectc.org/
http://www.abe.msstate.edu/index.php
http://www.nagreen.com/
http://pubs.cas.psu.edu/freepubs/pdfs/F252.pdf
http://geotextile.com/
http://www.scourstop.com/
http://www.soil-tek.com/
http://www.umsteadcoalition.org/
http://www.publications.usace.army.mil/USACEPublications/EngineerPamphlets.aspx


http://photogallery.nrcs.usda.gov/res/sites/photogallery/
http://cfpub.epa.gov/npdes
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