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Introduction
Soil erosion and sediment runoff to waterways are significant problems in Minnesota. According to the Minnesota Pollution Control Agency (MPCA 2014), approximately 30 percent of the state’s rivers and streams are impaired by sediment. Poorly managed construction sites can be substantial sediment sources to these surface waters. Up to 100 tons of sediment per acre can be lost annually from unmanaged construction sites (EPA 1999). Regulations administered by the State of Minnesota through the construction stormwater permit program (MPCA 2013) seek to address these impacts by requiring 1) carefully crafted sediment and erosion control plans designed to reduce polluted runoff; 2) implementation and updating of the plan; 3) operation and maintenance of runoff reduction measures until the site is stabilized; and 4) significant penalties for negligence and willful violations. Figure 1 provides a general timeline of the major activities associated with construction site stormwater permit compliance.
This section provides general information on the process by which sediment is eroded from the land surface from rainfall events and the basic principles of erosion prevention and sediment control. Understanding this basic information and applying these principles in the field will reduce negative environmental impacts associated with erosion and sediment loss and help ensure compliance with Minnesota requirements and avoidance of violations and fines.


Figure 1. Construction site stormwater program compliance timeline
· Evaluate and assess the construction site
· Collect site information (size, slopes, soils, drainage patterns)
· Identify sensitive areas – waters, vegetation, slopes, etc.
· Produce map or drawing of the existing site
· Create the final project design map or drawing
· Characterize the sequence of major construction activities
· Calculate area, infiltration, runoff, and drainage system sizing
· Select site-specific erosion, sediment, and housekeeping controls
· Review local and state permit requirements
· Identify erosion prevention field practices and site locations
· Select sediment control practices and field locations
· Determine housekeeping and pollution prevention practices
· Indicate location of best management practices (BMPs)
· Prepare a plan for inspecting and maintaining BMPs
· Complete permitting and notification tasks
· Identify all contractors and subcontractors
· Develop stormwater pollution prevention plan (SWPPP)
· Submit Notice of Intent to MPCA
· Apply for and obtain other local/state/federal permits
· Familiarize contractors and others with SWPPP requirements
· Construction and SWPPP implementation
· Install stabilized exit and initial downgradient perimeter controls
· Install and stabilize initial drainage system, traps, and basins
· Proceed with phased clearing and grading work
· Implement phased erosion/sediment BMPs as needed
· Stabilize disturbed areas within 14 days or as required
· Inspect and maintain BMPs, document activities
· Final stabilization and permit termination
· Stabilize all disturbed areas, slopes, and drainage systems
· Remove waste and unused materials
· Remove all temporary BMPs, stabilize BMP locations
· File Notice of Termination and other required notices

Principles of Erosion
Erosion is the dislodgement and movement of soil and rock by water, wind, or ice. Erosion is a natural process but can be greatly accelerated by human activity, such as clearing and grading of the land surface or disturbance of conveyance channels (Pitt et al. 2007). Erosion begins when particles of soil and rock break away, and continues as that material is transported by natural forces. Erosion caused by water can take many forms. Raindrop or splash erosion often leads to sheet erosion and the formation of small rills or creases in the landscape, which can enlarge into gullies if not addressed. Flowing water and the action of waves and ice along the unprotected edge of rivers, streams, and lakes can also cause channel or bank erosion.
Major factors affecting soil erosion from precipitation events include soil characteristics, climate, rainfall intensity and duration, topography, vegetation or other surface cover, and conservation management practices. These factors can be quantified and used to predict erosion rates. Over the past few decades, they have been incorporated into the Revised Universal Soil Loss Equation (RUSLE), which is used worldwide to evaluate, predict, and address erosion challenges on farms, mines, and construction sites (USDA 2012). Understanding RUSLE provides a basis for selecting erosion prevention measures related to surface disturbance.
RUSLE calculates average annual soil loss in tons/acre/year using the equation:Remember “rickle-skip” to recall the RUSLE variables

The BWSR provides a free online calculator with many of the factor values preloaded at http://www.bwsr.state.mn.us/elinkupdate/RUSLE_calc.xls 

A = R x K x (LS) x C x P
where,
A = average annual soil loss, in tons/acre/year
R = rainfall-runoff erosivity factor 
K = soil erodibility factor
L = length of the slope factor
S = steepness of the slope factor
C = cover management factor
P = erosion control practice factor 

A is expressed in the units selected for K and for the period selected for R (in common practice these are usually selected such that they compute A, soil loss, in U.S. tons per acre per year).
RUSLE factors are observable in the field and fairly simple to derive. The R and K variables are generally out of the hands of the construction site operator. Slope (S) and slope length (L) can sometimes be managed or impacted during the design phase of project development.  Two RUSLE variables which can be controlled at active construction sites – the cover and practices factors (i.e., variables C and P) – are the focus of the erosion prevention measures. Erosion prevention practices, which mostly include soil preparation, vegetation, and the application of a mulch, blanket, mat, or other cover on bare soil, are the easiest, cheapest, and most effective approach for addressing runoff from construction sites. Sediment control – settling soil particles from temporarily ponded runoff water or filtering it using silt fencing or other materials –is more difficult, more expensive, and requires much more maintenance.  Tables 1 and 2 provide additional information on how  higher C factors in RUSLE – and lower P factors – are linked to increased erosion potential.
[image: ]Table 1. Examples of RUSLE cover management factors for construction sites.

Source: Northwest California Resource Conservation and Development District 2016



[image: ]Table 2. Examples of RUSLE practice management factors for construction sites

Source: NYDEC 2005

Erosion Prevention and Sediment Control at Active Construction Sites
Management practices at construction sites can be characterized as those intended to prevent erosion and those that control sediment loss from sheet runoff and concentrated flow discharges. Erosion prevention practices are generally those included in the “C and P” RUSLE factors, and also include planning approaches that can affect overall sediment losses from the site (see below). Sediment controls can be grouped as those that promote settling of soil particles or those that physically trap particles through filtration. Erosion prevention practices are preferred and are typically less expensive to implement compared to sediment control practices.
As noted above, planning and site management can also influence erosion and sediment transport on construction sites. Site-level prevention actions that can be implemented or controlled by the construction site operator include the following:
· Planning approaches that minimize the size of the bare soil area and the length of time disturbed areas are exposed to the elements – especially for long, steep slopes and easily erodible soils.
· Diverting or otherwise controlling the location and volume of run-on flows to the site from adjacent areas.
· Keeping concentrated flows in ditches stabilized with vegetation, rock, or other material
· Covering bare soil with vegetation, mulch, erosion control blankets, turf reinforcement mats, gravel, rock, plastic sheeting, soil binder chemicals, etc. 
Site planning and erosion prevention measures are coupled with sediment control practices to prevent sediment laden discharges from construction sites. Sediment control practices focus on:
· Physical filtration of sediment by trapping soil particles as water passes through a silt fence, drop inlet screen, fiber roll, etc.
· Settling processes, that allow sediment to fall out of flows that are slowed and temporarily impounded in ponds, traps, or in small pools created by berms, silt fencing, inlet protection dikes, check dams, etc.
Site cover greatly influences erosion processes. Table 1 shows the percent reduction of soil loss – relative to a disturbed site with no surface cover practice – for the most commonly used soil covers, with the highest ratings associated with native undisturbed vegetation, a 90 percent cover of grass or sod, and hay mulch applied at the rate of two tons per acre. 
When developing a site’s erosion and sediment control plan, it is important to remember that large bare areas exposed to run-on and the elements will erode the most over time, especially where 1) rainfall is heavy, 2) soils are highly erodible, 3) slopes are long, and 4) slopes are steep. While construction managers typically have little control over these four factors, they are key inputs into decisions regarding what types of erosion prevention measures (which directly address cover management and erosion control practice factors) to employ. Other factors that influence the selection of erosion prevention are the proximity and type of nearby surface waters (rivers, lakes, streams, and wetlands), seasonal factors (rainy, freezing, etc.), the type of construction project (e.g., roadways, residential, commercial), and the construction setting (urban, suburban, rural, industrial).
When identified, assessed, and considered in an integrated manner, the factors listed above comprise a risk profile for your construction site. Crafting an erosion, sediment, and housekeeping plan that identifies and addresses risks represented by these factors through a carefully selected system of management practices will ensure minimal impacts to Minnesota’s waters and compliance with construction stormwater regulations.
Construction Site Best Management Practices for Erosion Prevention and Sediment Control
The preceding sections summarized key elements of erosion prevention and sediment control, the two primary types of activities that control sediment loss from construction sites. Each activity type can be characterized by a group of implementation measures or best management practices (BMPs). These BMPs are typically assembled into a system of erosion and sediment controls that are selected, sized, sited, installed, and maintained to address the specific risks posed by each drainage area on the site. 
Small sites with only one drainage pattern – such as a residential lot or small commercial site – will have a simple system, composed of just a few BMPs. Large sites with multiple discrete drainage areas will require assemblages of BMPs configured to handle the various erosion and sediment transport conditions associated with each. Similarly, if the site has highly erodible soils, long and steep slopes, and adjacent surface waters – i.e., a higher risk profile – the BMP mix will likely be even more complex.
In developing an erosion and sediment control plan, it is helpful to think about the site from top to bottom– that is, to consider:
· The type of BMPs needed at the upslope perimeter, to control run-on to the site
· The erosion prevention measures required for disturbed soils
· The sediment controls for the downslope perimeter and drainage system, including protection of water bodies and other sensitive areas 
Table 3 lists common construction site BMPs and describes briefly how they work.
Table 3. Construction site BMPs and their function and control mechanisms
	BMP  Function
	BMP Type
	Erosion Prevention (EP) or Sediment Control (SC) Mechanism

	Planning
	Planning, Sequencing, and Scheduling
	Minimize bare area and exposure period (EP)

	
	Preservation and Protection Designation
	

	
	Land Clearing Planning and Staging
	

	
	Land Grading Planning and Staging
	

	
	Lot Benching
	Lengthen flow path and reduce velocity of runoff (EP)

	
	Borrow and Stockpile Area Protection
	Prevent soil detachment and transport (EP)

	
	Construction Road Stabilization
	

	
	Trackout Prevention
	

	
	Temporary Stream Crossings
	Protect stabilized channel from erosion (EP)

	
	Permanent Stream Crossings
	

	Drainage Management
	Temporary Run-On Diversions
	Protect bare areas from run-on flows (EP)

	
	Temporary Right-Of-Way Diversions
	

	
	Right-Of-Way Diversions (Water Bars)
	

	
	Temporary Stream Diversions
	Redirect flow away from work areas (EP)

	
	Cofferdams and Barriers
	

	
	Ditch and Channel Protection
	Protect channel from erosive flows (EP)

	
	Check Dams
	Prevent downcutting, settle sediment (EP, SC)

	
	Temporary Slope Drains
	Protect slope from erosive flows (EP)

	
	Temporary Outlet Controls
	Protect outlet area from scour erosion (EP)

	
	Sediment Ponds
	Slow flows and settle out sediment (SC)

	
	Sediment Traps
	

	
	Dewatering Discharge Management
	Filter and settle out sediment particles (SC)

	Soil Stabilization
	Surface Roughening
	Increase infiltration, prevent soil transport (EP)

	
	Soil Binders
	Prevent soil detachment and transport (EP)

	
	Topsoil Application
	Increase infiltration, support vegetation (EP)

	
	Soil Fertility Amendments
	Promote vegetative growth (EP)

	
	Temporary Seeding and Stabilization
	Prevent soil detachment and transport (EP)

	
	Permanent Seeding
	

	
	Mulches
	

	
	Landscape Mulches
	

	
	Hydraulic Mulches and Tackifiers
	

	
	Erosion Control Blankets
	

	
	Turf Reinforcement Mats
	

	
	Sodding
	

	
	Slope Protection
	

	Sediment Trapping

	Sediment Fences
	Filter and settle out sediment particles (SC)

	
	Fiber Rolls / Wattles / Logs
	

	
	Storm Drain Inlet Protection
	

	
	Flotation Sediment Curtains
	

	
	Dust Control
	Prevent soil detachment and transport (EP)

	
	Sand and Wind Fences
	Filter and settle out dust particles (SC)



Construction site erosion and sediment control BMPs may vary in nature and application, but they operate according to a few basic principles. Preventing soil detachment and transport – by controlling the way rainwater, snowmelt, and concentrated flows interact with soil and move across the landscape – is affected by a host of factors related to BMP selection, siting, sizing, design, installation, and maintenance. These factors include:
· Promptness in stabilizing ditches, ponds, traps, and disturbed areas after grading is complete
· Type and rate of coverage (e.g., grass, mulch, soil binders) on bare soil areas
· Proper choice of rolled erosion control products – temporary blankets vs. permanent turf mats
· Installation pattern, trenching practice, and staking/anchoring plan for blankets and mats
· Location, dimensions, and outlet configuration for sediment ponds and traps
· Silt fence placement, configuration (e.g., ends turned upslope), overall sturdiness
· Trackout prevention pad length, width, and ability to remove mud from exiting vehicle tires
Figure 2 presents common construction site erosion and sediment transport risks conceptually, and can be used to characterize the general risk profile of a site.
Figure 2. Common erosion prevention and sediment control risk factors at construction sites
[image: ]
Selecting particular BMPs, adjusting them to specific site conditions, and arranging them into a system for preventing erosion and controlling sediment mobilized by site runoff is not a static process. Typically, the BMPs installed prior to initial clearing (e.g., upslope diversion ditch/berm, stabilized exit, downslope silt fence, sediment trap/pond) are adjusted as grading commences and supplemented by other needed practices. These practices may include ditch stabilization measures like blankets or mats, seeding and mulching of areas where grading is complete, storm drain inlet protection, and so on. Effective site management requires a continuous program of adaptive responses to changing conditions, including:
· Installing BMPs
· Monitoring their effectiveness
· Adjusting and augmenting them with other practices
· Staying ahead of operation and maintenance issues
Table 4 provides further description of typical construction activities, including installation of BMPs, and scheduling consideration.  
Table 4. Considerations for construction scheduling
[image: ]
Table 5 provides general examples of BMPs appropriate for various site risk conditions. The BMPs are categorized as planning, drainage management, soil stabilization, and sediment trapping BMPs. This information can be used as a starting point for planning erosion prevention and sediment control, and to consider supplemental approaches as work progresses.

Table 5. Examples of BMP selection options for various construction site risk conditions
	Functional Activity
	Examples of Erosion Prevention and Sediment Control Approaches

	
	BMPs for Lower Risks
	BMPs for Moderate Risks
	BMPs for Higher Risks

	Planning
	One-step clearing, grading, and stabilization
	Two-phase clearing and grading, and stabilization
	Multiple phases for clearing, grading, road and utility installation, building construction, etc.

	
	No mark-offs for critical areas needed
	Infiltrative soils (i.e., for septic drainfields, rain gardens) marked off limits to traffic
	Infiltrative soils, tree preservation area(s), stream buffers marked off

	
	One stabilized site exit, comprised of rock pad
	Length and width of rock pad extended to deal with exit traffic and mud conditions
	Shaker rack or wheel washer used to ensure minimization of trackout

	
	No crossings needed, or use of existing stabilized bridge or channel crossing
	Installation of temporary culvert or other stabilized stream crossing
	Installation of permanent stream crossing, e.g., moving up installation of planned bridge, etc.

	Drainage Management
	No upland flows to divert from active construction area
	Diversion ditch or berm installed upslope to keep run-on off the site
	Upslope run-on diversions installed; installation of stabilized channel to carry upland flows through site

	
	Sheet flow only; no concentrated flows
	Small, flat ditches double-seeded and lined with straw erosion control blanket
	Larger, steeper ditches triple-seeded and lined with turf reinforcement mat

	
	No sediment trap or pond needed; sediment barrier suffices
	One or more sediment traps needed to remove soil from site runoff flows
	Multiple sediment traps and sediment ponds needed; use of flocculants to help remove very small particles 

	Soil Stabilization
	No need for interim soil stabilization with one-step clearing / grading approach
	All site areas are seeded after grading except for building pad and immediate area used for materials
	Phased stabilization as project progresses; soil binders / blown straw used on bare areas idle > 14 days

	
	Grass seed and blown straw mulch or hydroseeding used to stabilize site
	Erosion control blanket installed over grass seed, with heavier seeding rate on slopes
	Same as previous, with native mix and turf reinforcement mat or sod installed on steepest slopes 

	Sediment Trapping
	Fiber rolls / logs or Type C silt fence used for downslope perimeter control
	Type B or Type C silt fence used for downslope perimeter control
	Heavy duty silt fence used at multiple intervals on long slopes

	
	Rock bags or other simple dike used for storm drain inlets
	Filter fabric insert used for storm drain inlet protection
	Catch basin insert used for maximum removal of sediment and other pollutants

	
	Dust control not necessary due to short duration of project
	Dust control addressed via water truck as needed
	Polymers or other soil binders applied on construction roads as needed for dust control



Regulation of Sediment Runoff from Construction Sites
Operators of construction sites in Minnesota with a disturbed area of one acre or more, including smaller sites that are part of a common plan of development, are required to seek coverage under a general or individual NPDES State Disposal System permit. Most projects qualify for coverage under the General Permit, which was last issued on August 1, 2013. Permit holders are required to develop a stormwater pollution prevention plan (SWPPP) and submit a completed application and fee prior to commencing construction activities. For a copy of the permit and specific requirements: https://www.pca.state.mn.us/water/construction-stormwater.
Costs Associated with Regulatory Compliance
[image: ]The costs associated with regulatory compliance vary widely in relationship to the type and size of the project, how it’s managed, location, site conditions (e.g., soils, slopes), drainage features, presence or absence of surface waters, materials used, and other factors. For example, erosion and sediment control costs for a quarter-acre urban house lot may range from $2,000 to $5,000. For large projects, construction stormwater costs can range up to five percent of the overall project cost. Figure 3. Relative cost and effectiveness for common BMPs (source: Kentucky Division of Water)

Careful planning – especially breaking the project into logical phases for clearing, grading, and stabilization – can reduce compliance costs significantly. This is because all areas of the project will eventually be stabilized, with grass, landscaping, pavement, etc. Installing the final cover as portions of the project are completed – rather than at the end of the job – does not necessarily add significant costs. Likewise, installing and maintaining silt fencing, sediment basins, traps, inlet protection devices, and other BMPs on large, unstabilized, and relatively idle portions of the site represents an ongoing expense – as well as a regulatory liability. Figure 3 summarizes the relative cost and effectiveness of several categories of construction site BMPs.
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