
 

Construction Site Storm Water Runoff Control 

 
Regulatory Text 

• You must develop, implement, and enforce a program to reduce pollutants in any storm water 
runoff to your small MS4 from construction activities that result in a land disturbance of 
greater than or equal to one acre. Reduction of storm water discharges from construction 
activity disturbing less than one acre must be included in your program if that construction 
activity is part of a larger common plan of development or sale that would disturb one acre or 
more. If the NPDES permitting authority waives requirements for storm water discharges 
associated with small construction activity in accordance with Sec. 122.26(b)(15)(i), you are 
not required to develop, implement, and/or enforce a program to reduce pollutant discharges 
from such sites.  

• Your program must include the development and implementation of, at a minimum:  

(A) An ordinance or other regulatory mechanism to require erosion and sediment controls, as well as 
sanctions to ensure compliance, to the extent allowable under State, Tribal, or local law;  

(B) Requirements for construction site operators to implement appropriate erosion and sediment 
control (ESC) best management practices;  

(C) Requirements for construction site operators to control waste such as discarded building 
materials, concrete truck washout, chemicals, litter, and sanitary waste at the construction site that 
may cause adverse impacts to water quality;  

(D) Procedures for site plan review which incorporate consideration of potential water quality 
impacts;  

(E) Procedures for receipt and consideration of information submitted by the public, and  

(F) Procedures for site inspection and enforcement of control measures.  

Guidance  

Examples of sanctions to ensure compliance include nonmonetary penalties, fines, bonding 
requirements, and/or permit denials for non-compliance. EPA recommends that procedures for site 
plan review include the review of individual pre-construction site plans to ensure consistency with 
local (ESC) requirements. Procedures for site inspections and enforcement of control measures could 
include steps to identify priority sites for inspection and enforcement based on the nature of the 
construction activity, topography, and the characteristics of soils and receiving water quality. You 
are encouraged to provide appropriate educational and training measures for construction site 
operators. You may wish to require a storm water pollution prevention plan for construction sites 
within your jurisdiction that discharge into your system. See Sec. 122.44(s) (NPDES permitting 
authorities' option to incorporate qualifying State, Tribal and local erosion and sediment control 
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programs into NPDES permits for storm water discharges from construction sites). Also see Sec. 
122.35(b) (The NPDES permitting authority may recognize that another government entity, 
including the permitting authority, may be responsible for implementing one or more of the 
minimum measures on your behalf).  

BMP Fact Sheets  

Runoff Control  

Minimize clearing  

Land grading  

Permanent diversions  

Preserving natural vegetation  

Construction entrances  

Stabilize drainage ways  

Check dams  

Filter berms  

Grass-lined channels  

Riprap  

Erosion Control  

Stabilize exposed soils  

Chemical stabilization  

Mulching  

Permanent seeding  

Sodding  

Soil roughening  

Protect steep slopes  

Geotextiles  

Gradient terraces  

Soil retention  

Temporary slope drain  
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Protect waterways  

Temporary stream crossings  

Vegetated buffer  

Phase construction  

Construction sequencing  

Dust control  

Sediment Control  

Install perimeter controls  

Temporary diversion dikes  

Wind fences and sand fences  

Brush barrier  

Silt fence  

Install sediment trapping devices  

Sediment basins and rock dams  

Sediment filters and sediment chambers  

Sediment trap  

Inlet protection  

Storm drain inlet protection  

Good Housekeeping  

Other wastes  

General construction site waste management  

Spill prevention and control plan  

Vehicle maintenance and washing areas  

Education and awareness  

Contractor certification and inspector training  

Construction reviewer  

BMP inspection and maintenance  
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Model ordinances  

Additional Fact Sheets  

Turf Reinforcement Mats    

Vegetative Covers       

Dust Control       
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Runoff Control 
Minimize clearing 

 
Land Grading  

Construction Site Storm Water Runoff Control  

Description  

Land grading involves reshaping the ground surface 
to planned grades as determined by an engineering 
survey, evaluation, and layout. Land grading 
provides more suitable topography for buildings, 
facilities, and other land uses and helps to control 
surface runoff, soil erosion, and sedimentation 
during and after construction.  

Applicability  

Land grading is applicable to sites with uneven or 
steep topography or easily erodible soils, because it 
stabilizes slopes and decreases runoff velocity. 
Grading activities should maintain existing drainage patterns as much as possible.  

Siting and Design Considerations  

Before grading activities begin, decisions must be made regarding the steepness of cut-and-fill 
slopes and how the slopes will be  

• Protected from runoff  

• Stabilized  

• Maintained. 

A grading plan should be prepared that establishes which areas of the site will be graded, how 
drainage patterns will be directed, and how runoff velocities will affect receiving waters. The 
grading plan also includes information regarding when earthwork will start and stop, establishes the 
degree and length of finished slopes, and dictates where and how excess material will be disposed of 
(or where borrow materials will be obtained if needed). Berms, diversions, and other storm water 
practices that require excavation and filling also should be incorporated into the grading plan.  

A low-impact development BMP that can be incorporated into a grading plan is site fingerprinting, 
which involves clearing and grading only those areas necessary for building activities and equipment 
traffic. Maintaining undisturbed temporary or permanent buffer zones in the grading operation 
provides a low-cost sediment control measure that will help reduce runoff and off-site sedimentation. 
The lowest elevation of the site should remain undisturbed to provide a protected storm water outlet 
before storm drains or other construction outlets are installed.  

5 



National Menu of Best Management Practices
 

Limitations  

Improper grading practices that disrupt natural storm water patterns might lead to poor drainage, 
high runoff velocities, and increased peak flows during storm events. Clearing and grading of the 
entire site without vegetated buffers promotes off-site transport of sediments and other pollutants. 
The grading plan must be designed with erosion and sediment control and storm water management 
goals in mind; grading crews must be carefully supervised to ensure that the plan is implemented as 
intended.  

Maintenance Considerations  

All graded areas and supporting erosion and sediment control practices should be periodically 
checked, especially after heavy rainfalls. All sediment should be removed from diversions or other 
storm water conveyances promptly. If washouts or breaks occur, they should be repaired 
immediately. Prompt maintenance of small-scale eroded areas is essential to prevent these areas 
from becoming significant gullies.  

Effectiveness  

Land grading is an effective means of reducing steep slopes and stabilizing highly erodible soils 
when properly implemented with storm water management and erosion and sediment control 
practices. Land grading is not effective when drainage patterns are altered or when vegetated areas 
on the perimeter of the site are destroyed.  

Cost Considerations  

Land grading is practiced at virtually all construction sites. Additional site planning to incorporate 
storm water and erosion and sediment controls in the grading plan can require several hours of 
planning by a certified engineer or landscape architect. Extra time might be required to excavate 
diversions and construct berms, and fill materials might be needed to build up low-lying areas or fill 
depressions.  

References  

State of Delaware. No date. Delaware Erosion and Sediment Control Handbook for Development. 
Department of Natural Resources and Environmental Control, Division of Water Conservation.  

State of North Carolina. 1988. Erosion and Sediment Control Planning and Design Manual. North 
Carolina Sedimentation Control Commission and North Carolina Department of Natural Resources 
and Community Development, Raleigh, NC.  

USEPA. 1992. Storm Water Management for Industrial Activities: Developing Pollution Prevention 
Plans and Best Management Practices. U.S. Environmental Protection Agency, Office of Water, 
Washington, DC.  

USEPA. 1993. Guidance Specifying Management Measures for Sources of Nonpoint Pollution in 
Coastal Waters. EPA 840-B-92-002. U.S. Environmental Protection Agency, Office of Water, 
Washington, DC.  

6 



National Menu of Best Management Practices
 

 
Permanent Diversions  

Construction Site Storm Water Runoff Control  

Description  

Diversions can be constructed by creating channels across slopes with supporting earthen ridges on 
the bottom sides of the slopes. The ridges reduce slope length, collect storm water runoff, and deflect 
the runoff to acceptable outlets that convey it without erosion. 

 

Applicability  

Diversions are used in areas where runoff from areas of higher elevation poses a threat of property 
damage or erosion. Diversions can also be used to promote the growth of vegetation in areas of 
lower elevations. Finally, diversions protect upland slopes that are being damaged by surface and/or 
shallow subsurface flow by reducing slope length, which minimizes soil loss. 

Siting and Design Considerations  

Ridge. A cross section of the earthen ridge must have side slopes no steeper than 2:1; a width at the 
design water elevation of at least 4 feet; a minimum freeboard of 0.3 feet; and a 10-percent 
settlement factor included in the design.  

Outlet. Four acceptable outlets for the conveyance of runoff and their construction specifications 
include:  

1. Storm water conveyance channel. A permanent designed waterway, containing appropriate 
vegetation, that is appropriately shaped and sized to carry storm water runoff away from 
developing areas without any damage from erosion. The following are general specifications 
that are required for channel construction: 

o All obstructions and unsuitable material, such as trees, roots, brush, and stumps, and 
any excess soil should be removed from the channel area and disposed of properly.  

o The channel must meet grade and cross-section specifications, and any fill that is used 
must be compacted to ensure equal settlement.  

o Parabolic and triangular-shaped, grass-lined channels should not have a top width of 
more than 30 feet.  
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o Trapezoidal, grass-lined channels may not have a bottom width of more than 15 feet 
unless there are multiple or divided waterways, they have a riprap center, or other 
methods of controlling the meandering of low flows are provided.  

o If grass-lined channels have a base flow, a stone center or subsurface drain or another 
method for managing the base flow must be provided.  

o All channels must have outlets that are protected from erosion.  

2. Level spreader. A device used to prevent erosion and to improve infiltration by spreading 
storm water runoff evenly over the ground as shallow flow instead of through channels. It 
usually involves a depression in the soil surface that disperses flow onto a flatter area across 
a slight slope and then releases the flow onto level vegetated areas. This reduces flow speed 
and increases infiltration. Construction specifications for level spreaders include:  

o Level spreaders should be constructed on natural soils and not on fill material or 
easily erodible soils.  

o There should be a level entrance to the spreader to ensure the flow can be evenly 
distributed.  

o Heavy equipment and traffic should not be allowed on the level spreader, as they can 
cause compaction of soil and disturbance of the slope grade.  

o The spreader should be regraded if ponding or erosion channels develop.  

o Dense vegetation should be sustained and damaged areas reseeded when necessary.  

3. Outlet protection. This involves placing structurally lined aprons or other appropriate 
energy-dissipating devices at the outlets of pipes to reduce the velocity of storm water flows 
and thereby prevent scouring at storm water outlets, protect the outlet structure, and 
minimize potential for erosion downstream. Construction specifications for outlet protection 
practices require the following:  

o No bends occur in the horizontal alignment.  

o There is no slope along the length of the apron, and the invert elevations must be 
equal at the receiving channel and the apron's downstream end.  

o No overfall at the end of the apron is allowed.  

o If a pipe discharges into a well-defined channel, the channel's side slopes may not be 
steeper than 2:1.  

o The apron is lined with riprap, grouted riprap, concrete, or gabion baskets, with all 
riprap conforming to standards and specifications, and the median-sized stone for 
riprap is specified in the plan  

o Filter cloth, conforming to standards and specifications, must be placed between 
riprap and the underlying soil to prevent any soil movement through the riprap.  
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o All grout for grouted riprap must be one part Portland cement for every 3 parts sand, 
mixed thoroughly with water. Once stones are in place, the spaces between them are 
to be filled with grout to a minimum depth of 6 inches, with the deeper portions 
choked with fine material.  

o All concrete aprons must be installed as specified in the plan.  

o The end of the paved channel in a paved channel outlet must be smoothly joined with 
the receiving channel section, with no overfall at the end of the paved section.  

4. Paved flume. A permanent paved channel that is constructed on a slope through which 
storm water runoff can be diverted down the face of the slope without causing erosion 
problems on or below the slope. Paved flumes are not recommended unless very high flows 
with excessive erosive power are expected, because increased runoff velocity might magnify 
erosion at the flume's outfall. Outfall protection must be provided to prevent damage from 
high-velocity flows. The paved flume also prevents infiltration of surface runoff, 
exacerbating offsite runoff problems. Where possible, vegetated channels should be used--
additional stabilization can be provided with rip-rap, gabions, or turf reinforcement mats.  

Construction specifications for paved flumes require that:  

o The subgrade must be constructed to required elevations, with all soft portions and 
unsuitable material removed and replaced with suitable material, must be thoroughly 
compacted and smoothed to a uniform surface, and must be moist when the concrete 
is poured.  

o The slope of the structure may be no more than 1.5:1.  

o Curtain walls must be attached to the beginning and end of any paved flumes that are 
not adjoined to another structure, and the curtain walls should be the same width as 
the flume channel, at least 6 inches thick, and extend at least 18 inches into the soil 
under the channel.  

o Anchor lugs must be spaced no more than 10 feet apart on center, continuous with the 
channel lining for the length of the flume; they must be the same width as the bottom 
of the flume channel, at least 6 inches thick, and extend at least 1 foot into the soil 
under the channel.  

o There should be at least a 4-inch thickness of class A-3 concrete with welded wire 
fabric in the center of the flume channel for reinforcement.  

o Traverse joints should be provided at approximately 20-foot intervals or when there 
are more than 45 minutes between consecutive concrete placements in order to 
control cracks.  

o Expansion joints should be provided approximately every 90 feet.  

o Outlets of the paved flumes should be protected from erosion through the use of an 
energy-dissipating device with outlet protection, as described previously.  
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Stabilization. Immediately after the ridge and channel are constructed, they must be seeded and 
mulched along with any disturbed areas that drain into the diversion. Sediment-trapping measures 
must remain in place in case the upslope area is not stabilized, to prevent soil from moving into the 
diversion. All obstructions and unsuitable material, such as trees, brush, and stumps, must be 
removed from the channel area and disposed of so the diversion may function properly. The channel 
must meet grade and cross-section specifications, and any fill that is used must be free from 
excessive organic debris, rocks, or other unsuitable material and must be compacted to ensure equal 
settlement. Disturbed areas should be permanently stabilized according to applicable local standards 
and specifications.  

Limitations  

The area around the channel that is disturbed by its construction must be stabilized so that it is not 
subject to similar erosion as the steep slope the channel is built to protect.  

Maintenance Considerations  

Diversions should be inspected after every rainfall and a minimum of once every 2 weeks before 
final stabilization. Channels should be cleared of sediment, repairs made when necessary, and seeded 
areas reseeded if a vegetative cover is not established.  

References  

Smolen, M.D., D.W. Miller, L.C. Wyatt, J. Lichthardt, and A.L. Lanier. 1988. Erosion and Sediment 
Control Planning and Design Manual. North Carolina Sedimentation Control Commission, North 
Carolina Department of Environment, Health, and Natural Resources, and Division of Land 
Resources Land Quality Section, Raleigh, NC.  

USEPA. 1992. Storm Water Management for Construction Activities: Developing Pollution 
Prevention Plans and Best Management Practices. EPA 832-R-92-005. U.S. Environmental 
Protection Agency, Office of Water, Washington, DC.  

USEPA. 1992. Storm Water Management for Industrial Activities: Developing Pollution Prevention 
Plans and Best Management Practices. EPA 832-R-92-006. U.S. Environmental Protection Agency, 
Office of Water, Washington, DC.  

Virginia Department of Conservation and Recreation. 1995. Virginia Erosion & Sediment Control 
Field Manual. Second Edition. Virginia Department of Conservation and Recreation, Division of 
Soil and Water Conservation, Richmond, VA. 
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Preserving Natural Vegetation  

Construction Site Storm Water Runoff Control  

Description  

The principal advantage of preserving natural 
vegetation is the protection of desirable trees, vines, 
bushes, and grasses from damage during project 
development. Vegetation provides erosion control, 
storm water detention, biofiltration, and aesthetic 
values to a site during and after construction 
activities. Other benefits from preserving natural 
areas are because natural vegetation  

• Can process higher quantities of storm water 
runoff than newly seeded areas  

• Does not require time to establish  

• Has a higher filtering capacity than newly planted vegetation because aboveground and root 
structures are typically denser  

• Reduces storm water runoff by intercepting rainfall, promoting infiltration, and lowering the 
water table through transpiration  

• Provides buffers and screens against noise and visual disturbance  

• Provides a fully developed habitat for wildlife  

• Usually requires less maintenance (e.g., irrigation, fertilizer) than planting new vegetation  

• Enhances aesthetics.  

Applicability  

Preservation of natural vegetation is applicable to all construction sites where vegetation exists in the 
predevelopment condition. Areas where preserving vegetation can be particularly beneficial are 
floodplains, wetlands, stream banks, steep slopes, and other areas where erosion controls would be 
difficult to establish, install, or maintain. Only land needed for building activities and vehicle traffic 
needs to be cleared.  

Siting and Design Considerations  

Vegetation should be marked for preservation before clearing activities begin. A site map should be 
prepared with the locations of trees and boundaries of environmentally sensitive areas and buffer 
zones to be preserved. The location of roads, buildings, and other structures can be planned to avoid 
these areas. Preservation requires careful site management to minimize the impact of construction 
activities on existing vegetation. Large trees located near construction zones should be protected 
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because damage during construction activities may result in reduced vigor or death after construction 
has ceased. The boundaries around contiguous natural areas and tree drip lines should be extended 
and marked to protect the root zone from damage. Although direct contact by equipment is an 
obvious means of damage to trees and other vegetation, compaction, filling, or excavation of land 
too close to the vegetation also can cause severe damage.  

When selecting trees for preservation, the following factors should be considered:  

• Tree vigor. Preserving healthy trees that will be less susceptible to damage, disease, and 
insects. Indicators of poor vigor include dead tips of branches, stunted leaf growth, sparse 
foliage, and pale foliage color. Hollow, rotten, split, cracked, or leaning trees also have less 
chance of survival.  

• Tree age. Older trees are more aesthetically pleasing as long as they are healthy.  

• Tree species. Species well-suited to present and future site conditions should be chosen. 
Preserving a mixture of evergreens and hardwoods can help to conserve energy when 
evergreens are preserved on the northern side of the site to protect against cold winter winds 
and deciduous trees are preserved on the southern side to provide shade in the summer and 
sunshine in the winter.  

• Wildlife benefits. Trees that are preferred by wildlife for food, cover, and nesting should be 
chosen. 

Other considerations include following natural contours and maintaining preconstruction drainage 
patterns. Alteration of hydrology might result in dieoff of preserved vegetation because their 
environmental requirements are no longer met.  

The following are basic considerations for preservation of natural vegetation:  

• Boards should not be nailed to trees during building operations.  

• Tree roots inside the tree drip line should not be cut.  

• Barriers should be used to prevent the approach of equipment within protected areas.  

• Equipment, construction materials, topsoil, and fill dirt should not be placed within the limit 
of preserved areas.  

• If a tree or shrub that is marked for preservation is damaged, it should be removed and 
replaced with a tree of the same or similar species with a 2-inch or larger caliper width from 
balled and burlaped nursery stock when construction activity is complete.  

• During final site cleanup, barriers around preserved areas and trees should be removed.  

Limitations  

Preservation of vegetation is limited by the extent of existing vegetation in preconstruction 
conditions. It requires planning to preserve and maintain the existing vegetation. It is also limited by 
the size of the site relative to the size of structures to be built. High land prices might prohibit 
preservation of natural areas. Additionally, equipment must have enough room to maneuver; in some 
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cases preserved vegetation might block equipment traffic and may constrict the area available for 
construction activities. Finally, improper grading of a site might result in changes in environmental 
conditions that result in vegetation dieoff. Consideration should be given to the hydrology of natural 
or preserved areas when planning the site.  

Maintenance Considerations  

Even if precautions are taken, some damage to protected areas may occur. In such cases, damaged 
vegetation should be repaired or replaced immediately to maintain the integrity of the natural 
system. Continued maintenance is needed to ensure that protected areas are not adversely impacted 
by new structures. Newly planted vegetation should be planned to enhance the existing vegetation.  

Effectiveness  

Natural vegetation (existing trees, vines, brushes, and grasses) can provide water quality benefits by 
intercepting rainfall, filtering storm water runoff, and preventing off-site transport of sediments and 
other pollutants.  

Cost Considerations  

A potential cost associated with preservation of natural vegetation is increased labor that might be 
required to maneuver around trees or protected areas.  

References  

Smolen, M.D., D.W. Miller, L.C. Wyall, J. Lichthardt, and A.L. Lanier. 1988. Erosion and Sediment 
Control Planning and Design Manual. North Carolina Sedimentation Control Commission, North 
Carolina Department of Environment, Health, and Natural Resources, and Division of Land 
Resources Land Quality Section, Raleigh, NC.  

USEPA. 1992. Storm Water Management for Industrial Activities: Developing Pollution Prevention 
Plans and Best Management Practices. U.S. Environmental Protection Agency, Office of Water, 
Washington, DC. 
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Construction Entrances  

Construction Site Storm Water Runoff Control  

Description  

The purpose of stabilizing entrances to a construction 
site is to minimize the amount of sediment leaving 
the area as mud and sediment attached to motorized 
vehicles. Installing a pad of gravel over filter cloth 
where construction traffic leaves a site can help 
stabilize a construction entrance. As a vehicle drives 
over the gravel pad, mud and sediment are removed 
from the vehicle's wheels and offsite transport of soil 
is reduced. The gravel pad also reduces erosion and 
rutting on the soil beneath the stabilization structure. 
The filter fabric separates the gravel from the soil 
below, preventing the gravel from being ground into 
the soil. The fabric also reduces the amount of 
rutting caused by vehicle tires by spreading the 
vehicle's weight over a larger soil area than just the tire width.  

In addition to removal of sediment by simple friction of vehicle tires on the gravel pad, a vehicle 
washing station can be established at the site entrance. Wash stations, if used on a routine basis, 
remove a substantial amount of sediment from vehicles before they leave the site. Diverting runoff 
from vehicle washing stations into a sediment trap helps ensure that sediment removed from vehicles 
is kept on-site and disposed of properly.  

Applicability  

Typically, stabilized construction entrances are installed at locations where construction traffic 
leaves or enters an existing paved road. However, the applicability of site entrance stabilization 
should be extended to any roadway or entrance where vehicles will access or leave the site. From a 
public relations point of view, stabilizing construction site entrances can be a worthwhile exercise. If 
the site entrance is the most publicly noticeable part of a construction site, stabilized entrances can 
improve the appearance to passersby and improve public perception of the construction project.  

Siting and Design Considerations  

All entrances to a site should be stabilized before construction and further disturbance of the site area 
begins. The stabilized site entrances should be long and wide enough so that the largest construction 
vehicle that will enter the site will fit in the entrance with room to spare. If many vehicles are 
expected to use an entrance in any one day, the site entrance should be wide enough for the passage 
of two vehicles at the same time with room on either side of each vehicle. If a site entrance leads to a 
paved road, the end of the entrance should be "flared" (made wider as in the shape of a funnel) so 
that long vehicles do not leave the stabilized area when turning onto or off of the paved roadway. If a 
construction site entrance crosses a stream, swale, or other depression, a bridge or culvert should be 
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provided to prevent erosion from unprotected banks. Stone and gravel used to stabilize the 
construction site entrance should be large enough so that they are not carried off site with vehicle 
traffic. In addition, sharp-edged stone should be avoided to reduce the possibility of puncturing 
vehicle tires. Stone or gravel should be installed at a depth of at least 6 inches for the entire length 
and width of the stabilized construction entrance.  

Limitations  

Although stabilizing a construction entrance is a good way to help reduce the amount of sediment 
leaving a site, some soil may still be deposited from vehicle tires onto paved surfaces. To further 
reduce the chance of these sediments polluting storm water runoff, sweeping of the paved area 
adjacent to the stabilized site entrance is recommended. For sites using wash stations, a reliable 
water source to wash vehicles before leaving the site might not be initially available. In this case, 
water may have to be trucked to the site at additional cost.  

Maintenance Considerations  

Stabilization of site entrances should be maintained until the remainder of the construction site has 
been fully stabilized. Stone and gravel might need to be periodically added to each stabilized 
construction site entrance to keep the entrance effective. Soil that is tracked offsite should be swept 
up immediately for proper disposal. For sites with wash racks at each site entrance, sediment traps 
will have to be constructed and maintained for the life of the project. Maintenance will entail the 
periodic removal of sediment from the traps to ensure their continued effectiveness.  

Effectiveness  

Stabilizing construction entrances to prevent sediment transport off-site is effective only if all 
entrances to the site are stabilized and maintained. Also, stabilization of construction site entrances 
may not be very effective unless a wash rack is installed and routinely used (Corish, 1995). This can 
be problematic for sites with multiple entrances and high vehicle traffic.  

Cost Considerations  

Without a wash rack, construction site entrance stabilization costs range from $1,000 to $4,000. On 
average, the initial construction cost is around $2,000 per entrance. Including maintenance costs for 
a 2-year period, the average total annual cost is approximately $1,500. If a wash rack is included in 
the construction site entrance stabilization, the initial construction costs range from $1,000 to 
$5,000, with an average initial cost of $3,000 per entrance. The total cost, including maintenance for 
an estimated 2-year life span, is approximately $2,200 per year (USEPA, 1993).  
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