Applications of Erosion and Sediment Control Practices 

The common reason erosion and sediment control practices are ineffective is not lack of common sense. Frequently, the wrong BMP is implemented for the type of control needed. A sediment control BMP should not be used for erosion control and an erosion control BMP should not be used when runoff control is needed. When the needed control is treated with the wrong type of BMP, failure usually occurs. 

For example, a silt fence is placed a cross a slope to prevent erosion. Maybe the designer wanted to stop sheet and rill erosion. In actual practice the silt fence collected and concentrated water which was diverted to a low spot where the fence becomes overloaded and failed. An Erosion Control BMP should have been chosen to treat the erosion problem. Silt fences are intended for sediment control and should, therefore, be installed in relatively flat areas suitable for ponding water and depositing sediment. 

A good way to avoid confusion when choosing BMPs is to have a clear understanding of what type control is needed and what are the corresponding BMPs. There are three general categories of controls that have distinct treatments associated with them; 1) erosion control, 2) runoff control, and 3) sediment control.

Erosion Control

Erosion control is any practice that protects the soil surfaces and prevents the soil particles from being detached by rainfall or wind. Erosion control, therefore, is a source control that treats the soil as a resource that has value and should be kept in place.

What are some erosion control BMPs?

Key Point: The most efficient and economical method of controlling sheet, rill and raindrop impact erosion is to establish vegetative cover from seed. Vegetation can reduce erosion by more than 90% by protecting the soil from raindrop impact and sheet erosion.

When erosion control BMPs are implemented and maintained, the amount of sediment associated with runoff waters can be dramatically reduced. Whenever possible do erosion control first and sediment control second. Some important points to remember:

· Vegetative cover is the primary erosion control practice.

· Retain existing vegetation by minimizing disturbance and scheduling large land disturbances during periods of expected dry weather.

· Establishing cover immediately after disturbance (staging) is important.

· Temporary erosion control is usually achieved by seeding with fast growing annual grasses and/or protecting the soil with mulch.

· Permanent erosion control usually involves planting perennial grasses, shrubs, and trees.

Key Point: The selection of the right plant material for the site, choosing the correct mulching technique and proper seedbed preparation are critical for effective erosion control. Surface roughening, contour furrows, and stepped slopes are essential to establish vegetation.

 Costs

Non-structural erosion control practices are generally more cost-effective than sediment control. For example, the cost of temporary seeding one acre would be comparable to the cost of installing 200 LF of silt fence (for a 1 acre drainage) or equivalent to the cost of constructing a temporary sediment trap designed for a one acre drainage. However, the practice of temporary seeding would probably be more effective while the silt fence and sediment trap will require regular and costly maintenance.

Key Point: Erosion control is, generally, more cost-effective than sediment control and requires less maintenance and repair.

Sediment Control

Sedimentation is the deposition of soil particles that have been transported by water or wind.  The amount of sediment produced during construction is directly proportional to the degree and effectiveness of erosion control practices implemented. The quantity and size of the particles transported increases with the velocity of the runoff.

Sediment control is used to keep sediment, the product of erosion, on-site. Sediment control involves the construction of structures that allow sediment to settle out of suspension. Sediment control structures, therefore, require frequent inspection and maintenance.

Generally, sediment is retained on-site by two methods: a) slowing runoff velocities, as they flow through an area, sufficiently so that sediment cannot be transported, and b) impounding sediment-laden runoff for a period of time so that the soil particles settle out.

Sediment controls are not filters. Practices referred to as "sediment filtering" actually work by slowing velocities and allowing sediment impoundment to de-water in a very slow and controlled manner. For effective sediment control planning and design, materials such as geotextiles, silt fences, and straw bales should be considered for their ability to impound water and slow runoff velocities, not for their ability to "filter" sediment.

Key Point: Effective sediment control involves ponding sediment-laden runoff long enough for the soil particles to settle out of suspension. Reducing runoff velocities will also reduce sediment transport and thereby help retain sediment on-site.

What are some effective sediment control BMPs?

Key point: Structural sediment control can be divided into three general types; 1) sediment basins, 2)sediment traps, and 3)sediment barriers. Temporary Sediment Basins are recommended for the outlet of disturbed drainage areas

 ranging from 5 ac (2 ha) to 100 ac (40 ha). Sediment Basins should be designed by a qualified professional.

Temporary Sediment Traps are recommended for disturbed drainage areas less than 5 ac (2 ha). A typical Sediment Trap designed to handle .5 inches (12.7 mm) of runoff over a 24 hour period would require a settling zone capacity of 67 yd3 / ac (130 m3 / ha) of contributing drainage area and a sediment storage capacity of 33 yd3 / ac (65 m3 / ha) of drainage area.

Excavated Sediment Traps require less rigorous design work, are smaller in size and they are easier to construct, therefore, a preferable alternative is to sub-divide large projects into smaller subareas (less than 5 ac) and utilize numerous sediment traps. Multiple traps and / or additional volume may be required to accommodate site specific rainfall and soil conditions. This approach may facilitate phased construction along relatively narrow highway ROW.

Excavated Storm Drain Inlets are small excavated sediment traps located at storm drain inlets are effective as part of phased construction. The design capacity of excavated inlet sediment traps shall be 67 yd3 / acre (1800 ft3 / ac) of contributing drainage area. These excavations are temporary and they are not very effective for trapping small particles (silt and clay) and they should not be used where runoff velocities are high.

Sediment Barriers are BMPs that are intended to separate sediment from sheet flow runoff. They function by reducing runoff velocity and ponding small quantities of storm water. Sediment barriers are only intended for areas experiencing sheet flow and they must be installed in areas that can pond water and accumulate sediment and, most importantly, the must be accessible for cleanout. Sediment barriers are the most common type of practices used on construction sites.

· Sediment Barriers

· Silt Fence

· Straw Bale Dike

· Continuous Berms

· Storm Drain Inlet Barriers

Principles of Erosion and Sediment Control

Severe erosion is caused by the action of wind, rainfall, and runoff on bare soil. Clearing, grading, and other construction activities remove the vegetation and compact the soil, increasing both runoff and erosion. Excessive runoff then causes gully erosion, increased streambank erosion, and results in increased off-site erosion, sedimentation and flooding problems. Effective erosion and sediment control can be achieved by careful attention to the following principles: 

· Protect the land surface from erosion.

· Manage runoff and keep velocities low.

· Capture sediment on-site.

· Integrate erosion and sediment control with the construction schedule.

· Inspect and maintain the erosion and sediment control practices. 

The following are principles for controlling erosion and off-site sedimentation from construction sites: 

· Fit the development to the existing topography, soils, and vegetation as much as is possible.

· Schedule construction operations in order to minimize soil exposure during the rainy season.

· Minimize disturbance and soil exposure by retaining natural vegetation, adopting phased construction techniques, and using temporary cover.

· Vegetate and mulch all denuded areas to protect the soil from winter rains. The primary effort for controlling sediment pollution from construction sites should be to minimize raindrop impact on bare soil.

· Utilize proper grading, barriers, or ditches to minimize concentrated flows and divert runoff away from denuded slopes or other critical areas.

· Minimize the steepness of slopes and control the length of slopes by utilizing benches, terraces, contour furrows, or diversion ditches.

· Utilize riprap, channel linings, or temporary structures in the channel to slow runoff velocities and allow the drainage-ways to handle the increased runoff from disturbed and developed areas.

· Keep the sediment on-site by utilizing sediment basins, traps, or sediment barriers.

· Monitor and inspect sites frequently to assure the measures are functioning properly and correct problems promptly. 

Vegetation as a Solution 

Dense, healthy vegetation and the associated leaf litter protects the soil from raindrop impact. Raindrop impact is a major force in dislodging soil particles which then allows them to move downslope or form a crust on the soil surface. When a crust forms on the soil surface the rainfall infiltration rate decreases and runoff increases. 

Vegetation also protects the soil from sheet and rill erosion. It shields the soil surface from the transportof soil particles and scour from overland flow (sheet flow) and it decreases the erosive energy of the flowing water by reducing velocity. 

The shielding effect of the plant canopy and leaves is augmented by roots and rhyzomes that hold the soil in place, improve the soil’s physical condition, and increase the rate of infiltration, further decreasing runoff. Plants also remove water from the soil through transpiration, thus increasing its capacity to absorb water. 

Suitable vegetative cover provides excellent erosion protection, and reduces the need for high cost, low

efficiency, high maintenance sediment control measures. Vegetative cover is relatively inexpensive to achieve and tends to be self-healing; it is often the only practical, long-term solution of stabilization and erosion control on most disturbed sites. 

Initial investigation of site characteristics and planning for vegetation stabilization reduces its cost, minimizes maintenance and repair, and makes other erosion and sediment control measures more effective and less costly to maintain. Permanent erosion control (post-construction landscaping) is also less costly where soils have not been eroded. 

Exposed subsoils are generally difficult to amend, are infertile, and require more irrigation. Natural, undisturbed areas can provide low-maintenance landscaping, shade, and privacy. Large trees increase property values when they are properly protected during construction. 

Besides preventing erosion, healthy vegetative cover provides a stable land surface, reduces heat reflectance and dust, restricts weed growth, and complements architecture. The result is a pleasant environment for employees, tenants and customers, and an attractive site for homes. 

Property values can be increased dramatically by small investments in erosion control. The final landscaping represents a small fraction of total construction costs, but can contribute greatly to an increased market value of the development. Healthy vegetation and planned development will reduce concentrated flows and peak discharge, thus reducing channel erosion and flooding. Good, healthy vegetative cover greatly reduces the environmental impacts that poor water quality and habitat reduction is having on rivers and streams.

EROSION CONTROL BLANKETS AND MATS

Definition: The installation of protective mulch blankets or soil stabilization mats (turf reinforcement mats) to the prepared soil surface of a steep slope, channel or shoreline. 

Purpose: Erosion control blankets are used to temporarily stabilize and protect disturbed soil from raindrop impact and surface erosion, to increase infiltration, decrease compaction and soil crusting, land to conserve soil moisture. Mulching with erosion control blankets will increase the germination rates for grasses and legumes and promote vegetation establishment. Erosion control blankets also protect seeds from predators, reduce desiccation and evaporation by insulating the soil and seed environment. 

Some types of erosion control blankets and turf reinforcement mats are specifically designed to stabilize channelized flow areas. These blankets and mats can aide the establishment of vegetation in waterways and increase the maximum permissible velocity of the given channel by reinforcing the soil and vegetation to resist the forces of erosion during runoff events. Stems, roots and rhizomes of the vegetation becomes intertwined with the mat, reinforcing the vegetation and anchoring the mat.

Conditions Where Practice Applies: Establishing vegetation in channels or on slopes may require additional measures beyond seeding and straw mulching. Conditions where erosion control blankets and mats are appropriate may include: 

· Slopes and disturbed soils where mulch must be anchored and other methods such as, crimping or tackifying are not feasible nor adequate.

· Steep slopes, generally steeper than 3:1.

· Slopes where erosion hazard is high.

· Critical slopes adjacent to sensitive areas such as streams and wetlands.

· Disturbed soil areas where planting is likely to be slow in providing adequate protective cover.

· Channels with flow exceeding 2-4 ft./sec. (0.6-1 m/sec.).

· In channels intended to be vegetated and where the design flow exceeds the permissible velocity. Allowable velocity, with turf reinforcement mats after vegetative establishment, is up to 10 ft/sec. (3 m/sec). 

Specifications: Erosion control blankets are generally a machine produced mat of organic, biodegradable mulch such as straw, curled wood fiber (excelsior), coconut fiber or a combination thereof, evenly distributed on or between photodegradable polypropylene or biodegradable natural fiber netting. Synthetic erosion control blankets are a machine produced mat of ultraviolet stabilized synthetic fibers and filaments. The nettings and mulch material are stitched to ensure integrity and the blankets are provided in rolls for ease of handling and installation. 

Soil stabilization and turf reinforcement mats are high strength, flexible, machine produced, three dimensional matrix of nylon, polyethylene, polypropylene or polyvinyl chloride that have ultra violet (UV) stabilizers added to the compounds to ensure endurance and provide ‘permanent vegetation stabilization.’ 

Planning Considerations: Erosion control blankets and turf reinforcement matting can be applied to problem areas to supplement nature’s erosion control system (vegetation) in its initial establishment and in providing a safe and ‘natural’ conveyance for high velocity stormwater runoff. These products are being used today in many applications where previously a structural lining or armoring would have been required. Care must be taken to choose the type of blanket or matting which is more appropriate for the specific needs of a project. There are many soil stabilization

products available today and it is very difficult to cover all the advantages, disadvantages and specifications of all the manufactured blankets and mats. therefore, as with many erosion control type products, there is no substitute for a thorough understanding of manufacture’s instructions and recommendations and a site visit by a designer or plan reviewer to verify a product’s appropriateness. 

Construction Specifications:
Site Preparation: 

· Proper site preparation is essential to ensure complete contact of the protection matting with the soil.

· Grade and shape area of installation.

· Remove all rocks, clods, vegetative or other obstructions so that the installed blankets, or mats will have direct contact with the soil.

· Prepare seedbed by loosening 2-3 inches (50-75 mm) of topsoil above final grade.

· Incorporate amendments, such as lime and fertilizer, into soil according to soil test and the seeding plan. 

Seeding: 

· Seed area before blanket installation for erosion control and re-vegetation. Seeding after mat installation is often specified for turf reinforcement application. When seeding prior to blanket installation, all check slots and other areas disturbed during installation must be reseeded.

· Where soil filling is specified, seed the matting and the entire disturbed area after installation and prior to filling the mat with soil. 

Anchoring: U-shaped wire staples, metal geotextile stake pins, or triangular wooden stakes can be used to anchor mats to the ground surface. Wire staples should be a minimum of 11 gauge. Metal stake pins should be 3/16 inch (4.8 mm) diameter steel with a 1 1/2 inch (38.1 mm) steel washer at the head of the pin. Wire staples and metal stakes should be driven flush to the soil surface. All anchors should be 6-8 inches (0.2-0.5 m) long and have sufficient ground penetration to resist pullout. Longer anchors may be required for loose soils. 

Installation on Slopes: 

· Begin at the top of the slope and anchor its blanket in a 6 inch (0.2 m) deep x 6 inch (0.2 m) wide trench. Backfill trench and tamp earth firmly.

· Unroll blanket downslope in the direction of the water flow.

· The edges of adjacent parallel rolls must be overlapped 2-3 inches (51-76 mm) and be stapled every 3 feet (0.9m).

· When blankets must be spliced, place blankets end over end (shingle style) with 6 inch (0.2m) overlap. Staple through overlapped area, approximately 12 inches (0.3 m) apart.

· Lay blankets loosely and maintain direct contact with the soil - do not stretch.

· Blankets shall be stapled sufficiently to anchor blanket and maintain contact with the soil.

· Staples shall be placed down the center and staggered with the staples placed along the edges Steep slopes, 1:1 to 2:1, require 2 staples per square yard. Moderate slopes, 2:1 to 3:1, require 1-2 staples per square yard (1 staple 3’ o.c.). Gentle slopes require 1 staple per square yard. 

Installation in channels: 

· Dig initial anchor trench 12 inches (0.3 m) deep and 6 inches (0.2 m) wide across the channel at the lower end of the project area.

· Excavate intermittent check slots, 6 inches (0.2 m) deep and 6 inches (0.2 m) wide across the channel at 25-30 foot (7.6-9.1 m) intervals along the channel.

· Cut longitudinal channel anchor slots 4 inches (101 mm) deep and 4 inches (101 mm) wide along each side of the installation to bury edges of matting. Whenever possible extend matting 2-3 inches (51-76 mm) above the crest of channel side slopes.

· Beginning at the downstream end and in the center of the channel, place the initial end of the first roll in the anchor trench and secure with fastening devices at 1 foot (0.3 m) intervals.

· Note: matting will initially be upside down in anchor trench.

· In the same manner, position adjacent rolls in anchor trench, overlapping the preceding roll a minimum of 3 inches (76 mm).

· Secure these initial ends of mats with anchors at 1 foot (300 mm) intervals, backfill and compact soil.

· Unroll center strip of matting upstream. Stop at next check slot or terminal anchor trench.

· Unroll adjacent mats upstream in similar fashion, maintaining a 3 inch (76 mm) overlap.

· Fold and secure all rolls of matting snugly into all transverse check slots. Lay mat in the bottom of the slot then fold back against itself. Anchor through both layers of mat at 1 inch (25 mm) intervals, then backfill and  compact soil. Continue rolling all mat widths upstream to the next check slot or terminal anchor trench.

· Alternate method for noncritical installations: place two rows of anchors on 6 inch (0.2 m) centers at 25-30 feet (7.6-9.1 m) intervals in lieu of excavated check slots.

· Shingle-lap spliced ends by a minimum of 1 foot (0.3 m) with upstream mat on top to prevent uplifting by water or begin new rolls in a check slot. Anchor overlapped area by placing two rows of anchors, 1 foot (0.3 m) apart on 1 foot (0.3 m) intervals.

· Place edges of outside mats in previously excavated longitudinal slots, anchor using prescribed staple pattern, backfill and compact soil.

· Anchor, fill and compact upstream end of mat in a 12 inch (0.3 m) x 6 inch (0.2 m) terminal trench.

· Secure mat to ground surface using U-shaped wire staples geotextile pins or wooden stakes.

· Seed and fill turf reinforcement matting with soil, if specified. 

Soil filling if specified for turf reinforcement: 

· After seeding, spread and lightly rake 1/2-3/4 inches (13-19 mm) of fine topsoil into the mat apertures to completely fill mat thickness. Use backside of rake or other flat implement.

· Spread topsoil using lightweight loader, backhoe, or other power equipment. Avoid sharp turns with equipment.  Do not drive tracked or heavy equipment over mat.

· Avoid any traffic over matting if loose or wet soil conditions exist.

· Use shovels, rakes or brooms for fine grading and touch up.

· Smooth out soil filling, just exposing top netting of matrix. 

Inspection and Maintenance: 

· All blanket and mats should be inspected periodically following installation.

· Inspect installation after significant rainstorms to check for erosion and undermining. Any failure should be repaired immediately.

· If washout or breakage occurs, re-install the material after repairing the damage to the slope or drainageway.

