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2.0 INTRODUCTION 

A stormwater best management practice (BMP) is a technique, measure, or structural control that 
is used to manage the quantity and improve the quality of stormwater runoff in the most cost 
effective manner. The U.S. EPA (1999b) defines best management practices as "schedules of 
activities, prohibitions of practices, maintenance procedures, and other management practices to 
prevent or reduce the pollution of waters of the United States.”  BMPs also include, but are not 
limited to, treatment requirements, operating procedures, and practices to control plant site 
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runoff, spillage or leaks, sludge or wastewater disposal, or drainage from raw material storage." 
There are two general types of BMPs used to reduce the threat of stormwater runoff pollution 
from construction and development in urbanizing areas: (i) Nonstructural or source control 
BMPs and (ii) Structural or treatment BMPs (U.S. EPA, 1993b). 

Nonstructural BMPs refer to those stormwater runoff management techniques that use natural 
measures to reduce pollution levels, do not require extensive construction efforts, and either limit 
the generation of stormwater runoff, or reduce the amounts of pollutants contained in the runoff. 
They do not involve fixed, permanent facilities and they usually work by changing behavior 
through government regulation (e.g., planning and environmental laws), persuasion, and/or 
economic instruments (Taylor and Wong, 2002).  These BMPs include institutional, educational 
or pollution prevention practices. Because they improve runoff quality by reducing the use, 
generation and accumulation of potential stormwater contaminants at or near their sources in 
many cases, they are also termed as source control BMPs (WEF and ASCE, 1998; U.S. EPA, 
1999b). 

Structural BMPs are engineered systems and methods designed to provide temporary storage and 
treatment of stormwater runoff for the removal of pollutants (MWLAP, 1992; MDE, 2000; Clar 
et al., 2003). These practices are aimed at "controlling the volume and discharge rate of 
stormwater runoff from urban areas, as well as, reducing the magnitude of pollutants in the 
discharge water through rotation, physical containment or flow restrictions designed to allow 
settling, physical removal through filtration, percolation, chemical precipitation or flocculation, 
and/or biological uptake and may be called structural or treatment BMPs" (Florida DER, 1988). 
Structural BMPs improve the quality and/or control the quantity of stormwater runoff; common 
examples include detention ponds and constructed wetlands. 

The distinction between nonstructural and structural BMPs is very clear in some cases, but less 
so in others. For example, street sweeping for pollutant removal is one BMP that could be 
considered either a structural or nonstructural control (WEF and ASCE, 1998).  The use of 
vegetation to disconnect directly impervious surfaces such as rooftops, driveways, parking lots 
and streets, is another example of a BMP that could be considered as a structural or nonstructural 
control.  Some of the newer concepts for urban stormwater runoff management such as better site 
planning techniques (CWP, 1998) and low-impact development (LID) technologies such as 
"green roofs" (U.S. EPA, 2000a, 2000b) focus on the use of both planning techniques and 
micro-scale integrated landscape-based practices to prevent or reduce the impacts of urban 
stormwater runoff at the very point where these impacts would be initially generated or just 
downstream. These approaches tend to have a great deal of overlap between preventative source 
control approaches and small-scale treatment approaches that blur the distinction between these 
two types of BMPs. It is being recognized that a combination of nonstructural controls and one 
or more structural or treatment BMPs, often referred to as a "treatment train approach," may be 
needed to meet water quality objectives, depending on the stormwater management goals and 
objectives identified for a specific site or area.  For example, if the pollutants of concern are a 
combination of trash/debris, dissolved copper and phosphorus, it is more likely that a treatment 
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train would be required to be successful in treating the stormwater runoff. 

The list of BMPs, both structural and nonstructural, presented in the following discussion is 
based on information available at the time that this white paper was written. The development of 
stormwater BMPs is an emerging science and stormwater treatment technologies are frequently 
being modified; also, efforts are increasingly directed towards pollution prevention and the 
implementation of nonstructural practices. Finally it is being increasingly recognized that given 
the number and forms of the pollutants of concern, multiple treatment processes are required. 
Keeping this in mind, the list of BMPs is provided in this document as a guide only and is not 
meant to be exclusive of alternative stormwater BMPs that could be used in urban watershed 
management. 

2.1 NONSTRUCTURAL OR SOURCE CONTROL BMPS 

Nonstructural or source control BMPs are practices that prevent pollution by reducing potential 
pollutants at their source before they come into contact with stormwater, or capturing and 
disposing of stormwater at its source. These BMPs aim to eliminate contamination by preventing 
their introduction into the environment.  Often termed pollution prevention practices, these 
BMPs can include any method that avoids or reduces potential exposure of contamination to the 
elements. Unfortunately, nonstructural BMPs are often not being given due credit in watershed 
management plans (Clar et al., 2003) as data on their performance is virtually not available.  
However, there is an increasing recognition of the primary need for pollution prevention rather 
than treatment of polluted stormwater in long-term urban watershed management program 
implementation. There are two major reasons for this shift in the approach to stormwater 
management: 

< Stormwater management approaches are increasingly being directed toward the 
development of least-cost measures to treat stormwater pollution, which include 
nonstructural and low-cost structural controls. 

<  Nonstructural BMPs are found to be very effective in controlling pollution generation at 
the source and can eliminate or reduce the need for costly end-of-pipe treatment by 
structural BMPs (WEF and ASCE, 1998). 

Nonstructural controls include regulatory controls that prevent pollution problems by controlling 
land development and land use, as well as source controls that reduce pollutant buildup or lessen 
its availability for washoff during rainfall (City of Austin, 1988; MWLAP, 1992; U.S. EPA, 
2000a, 2000b).  Nonstructural practices can play a significant role in reducing water quality 
impacts; they are increasingly being recognized as a critical feature of every stormwater BMP 
plan, especially with regard to site design and development and maintenance costs.  The key 
benefit of some nonstructural practices is that they can also reduce the generation of stormwater 
runoff from the site, thereby reducing the size and cost of storage; in addition to providing partial 
removal of many pollutants (MDE, 2000).  A comprehensive plan addressing urban stormwater 
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runoff pollution prevention and control requires the implementation of a combination of

nonstructural and structural BMPs for existing and new development. 


Nonstructural or source control approaches for stormwater management comprise three major

components:

< planning, design and construction of developments and re-developments to minimize or


eliminate adverse impacts; 
< good maintenance of impervious and pervious surfaces to minimize exposure and release 

of pollutants; and 
<	 education and training to promote awareness of the potential problems associated with 

urban stormwater runoff and of specific BMPs to help solve problems (WEF and ASCE, 
1998). 

Typically, nonstructural BMPs for urban areas can be grouped into categories as shown in Table 
2-1 (WEF and ASCE, 1998). 

Table 2-1. Nonstructural BMPs for Urban Stormwater Runoff 

Major Categories Non  Practicestructural

2.1.1 Public Education < Public Education and Outreach 

2.1.2 Planning and 
Management 

< 
< 
< 
< 

Better Site Design 
Vegetation Controls 
Reduction/Disconnection of Impervious Areas 
Green Roofs* 

< Low-Impact Development** 

2.1.3 Materials Management < Alternative Product Substitution 
< Housekeeping Practices 

2.1.4 Street/Storm Drain 
Maintenance 

< 
< 
< 
< 
< 

Street Cleaning 
Catchbasin Cleaning 
Storm Drain Flushing 
Road and Bridge Maintenance 
BMP Maintenance 

< Storm Channel and Creek Maintenance 

2.1.5 Spill Prevention and < Above Ground Tank Spill Control 
Cleanup < Vehicle Spill Control 

2.1.6 Illegal Dumping < Illegal Dumping Controls 
Controls < Storm Drain Stenciling 

< Household Hazardous Waste Collection 
< Used Oil Recycling 
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2.1.7 Illicit Connection < Illicit Connection Prevention 
Control < Illicit Connection - Detection and Removal 

< Leaking Sanitary Sewer and Septic Tank Control 

2.1.8 Stormwater Reuse < Landscape Watering 
< Toilet Flushing 
< Cooling Water 
< Aesthetic and Recreational Ponds 

* Also considered a structural BMP since engineering principles and design are involved 

**Considered a  combination of both nonstructural and structural BMP 

(WEF and ASCE, 1998) 

2.1.1 Public Education 

Public understanding, involvement and support is an essential component of stormwater

management programs.  A public education and participation plan provides the municipality with

a strategy for involving the public in making stormwater management decisions, and for

educating its employees, the public and businesses about the importance of protecting stormwater

from improper use, storage and disposal of pollutants.  The intent of programs targeting public

involvement is to get the public behind the overall stormwater management program to increase

its acceptance. These programs are designed to raise public awareness on diffuse source

pollution and encourage people to change their everyday behavior in the use and disposal of

chemicals, other household and automotive products in order to minimize and/or prevent the

entry of these products into stormwater runoff.  Essentially, such programs include conducting

workshops, open houses, surveys and other means of including the public in providing input into

and commenting on stormwater management efforts.  This may be accomplished by distributing

educational materials to the community or by conducting equivalent outreach activities about the

impacts of stormwater discharges on water bodies and the steps the public can take to reduce

pollutants in urban stormwater runoff (U.S. EPA, 2001). This promises to be a cost-effective

way of stormwater quality management; yet, its effectiveness on the actual reductions of target

constituents in receiving waters has yet to be definitively demonstrated (WEF and ASCE, 1998). 


The objectives of a public education and participation plan should be to:

< promote clear identification and understanding of the problem and the solutions,

< identify responsible parties and efforts to date,

< promote community ownership of the problem and its solutions,

< change behaviors, and 

< integrate public feedback into program implementation.


The main components of a public education program include the following (U.S. EPA, 1999b).

< Public outreach/education for homeowners


• Lawn and garden activities education 
• Water conservation practices for homeowners 
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• Pet waste management education 
• Proper disposal of household hazardous wastes 
• Trash management education 

< Targeting public outreach/education 
< Public outreach programs for new development 
< Pollution prevention programs for existing development 

2.1.2 Planning and Management of Developing Areas 

These practices by local governments and large land owners/developers are aimed at reducing 
urban stormwater runoff and the discharge of pollutants through stormwater from new 
developments, and are most effective when applied during the site-planning phase of new 
development.  This BMP presents an important opportunity to reduce the pollutants in 
stormwater runoff by using a comprehensive planning process to control or prevent certain land 
use activities in areas where water quality is sensitive to development.  It is applicable to all types 
of land use and represents one of the most effective pollution prevention practices.  Land use 
planning and management are critical to watershed management. 

2.1.2.1 Better Site Design 

The use of better site design techniques is one of the few watershed management practices that 
seeks to simultaneously reduce pollutant loads, conserve natural areas, save money and increase 
property values, and at the same time it collectively employs a variety of methods to accomplish 
three goals at every development site, to: (i) reduce the amount of impervious cover and/or 
directly connect impervious cover; (ii) increase natural lands set aside for conservation; and, (iii) 
use pervious areas for more effective stormwater treatment (CWP, 2000).  However, in many 
communities, it is observed that many of the regulations governing the development process in 
such areas as zoning, parking and street standards, and drainage, to name a few, are at cross-
purposes with better site design and need to be addressed.  Better site design practices identify 
areas where existing codes and standards can be changed to better protect streams, lakes, and 
wetlands at the local level, and fall into the following three categories. 
< narrow residential streets and smaller parking lots such as minimizing residential street 

cul-de-sac sizes, reducing overall imperviousness associated with parking lots; 
< lot development such as open space design development, routing of rooftop runoff to 

pervious areas; and 
< conservation of natural areas such as buffer zones, setbacks and easements.  

2.1.2.2 Vegetation Control

This typically involves a combination of mechanical methods and careful application of 
chemicals (fertilizers, insecticides and herbicides). Mechanical vegetation controls include 
practices such as leaving existing vegetation, less frequent cutting, hand cutting, planting 
low-maintenance vegetation, collecting and properly disposing of clippings and cuttings, and 
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educating the public and employees.  Stormwater quality strongly impacts areas including steep 
slopes, vegetated drainage channels, creeks, areas adjacent to catch basins, detention/retention 
basins. Flat or relatively flat vegetated areas, areas not adjacent to drainage structures, and areas 
screened from drainage structures or from vegetation are less impacted (WEF and ASCE, 1998).  

2.1.2.3 Reduction/Disconnection of Impervious Areas 

The volume of stormwater runoff generated in a development can be greatly reduced by 
minimizing the amount of impervious surfaces. Reductions in impervious area can be 
undertaken by reducing the overall size of the developed area, and/or by reducing the amount of 
impervious surface created within the developed area.  Disconnection of impervious surfaces can 
be undertaken by directing runoff from roofs and paved surfaces over vegetated surfaces before it 
reaches the drainage conveyance system (GVSDD, 1999).  Reductions in impervious area can 
also be achieved through cluster developments that maximize open (undeveloped) space and 
minimize the required length of roadway and other infrastructure.  Clustering concentrates 
development on smaller lots into compact areas and leaves relatively large areas undeveloped, in 
contrast to conventional grid developments that cover the entire site with larger lots and result in 
more overall impervious area (roads, sidewalks etc).  This approach will help address peak flow 
control, stream bank erosion protection, removal of drainage path obstruction, water quality 
enhancement, groundwater recharge and community enhancement.  Clustering is suitable for new 
developments and redevelopment areas, but has limited opportunities for use in areas of existing 
development. A few measures that reduce impervious surfaces include: 
< reducing the width of streets, 
< limiting the length and radius of cul-de-sacs, 
< using porous pavement of modular block pavers in parking areas and low-traffic areas, 
< placing sidewalks to only one side of the street or no sidewalks where possible, and 
< reducing frontage requirements to lessen paved surface areas (U.S. EPA, 1999b). 

2.1.2.4 Green Roofs

Green roofs, also known as vegetated roof covers, eco-roofs or nature roofs, are multi-beneficial 
structural components that help to mitigate the effects of urbanization on water quality by 
filtering, absorbing or detaining rainfall (GreenRoofs; Liptan and Strecker, 2003).  In areas of 
high-density development, where pervious surfaces and open ground often make up 10% or less 
of total surface area capable of absorbing or diverting storm water runoff, green roofs are one of 
the best ways to reduce runoff volumes via evapotranspiration losses.  In addition, they can 
provide significant social, environmental and financial benefits.  There has been a lot of 
discussion with due explanation, about the need to describe green rooftops as a structural or a 
nonstructural BMP; this chapter examines green roofs as a nonstructural BMP, mainly for the 
reason that the goal of green rooftops is runoff volume reduction, pollution prevention and 
mitigation at the source (hydrological source control) with minimal and cost-effective landscape 
features located at the lot level, as opposed to structural controls that convey, manage and treat 
stormwater in large, expensive, end-of-pipe facilities.  
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Green roof systems involve the creation of a "contained" green space atop a human-made roofing

system that include the roof structure and insulation; a waterproofing membrane, often with root

repellent; a drainage layer; landscape or filter cloth to contain roots and soil; a specialized

growing medium (which may not include soil); and plants (MWLAP, 1992).  They comprise an

impermeable membrane or similar structure that supports a lightweight soil medium and living

vegetation, e.g., grass or groundcover placed on all or part of the building roof (Metro Council,

2001). The soil and vegetation layer provide a means of replacing the impermeable surfaces of

building roofs to reduce stormwater runoff volumes, control stormwater peak flows, improve

stormwater quality, and reduce stormwater runoff temperature.  The soil is planted with a

specialized mix of plants that can thrive in the harsh, dry, high temperature conditions of the roof

and tolerate short periods of inundation from storm events. Care should be exercised about the

soils employed to be sure that they do not become a source of pollutants, for example, nutrients. 


Historically, engineered green roofs originated in northern Europe, where sod roofs and walls

have been utilized as construction materials for hundreds of years.  The development of

contemporary approaches to green roof technology began in the urban areas of Germany over 30

years ago.  Despite centuries of use in Iceland and various research initiatives to encourage their

use in Canada, Germany, France, Austria and Switzerland, green roof tops are only a recent entry

in the U.S.  However, several new and planned projects, including a retrofit of the Chicago City

Hall, a 450,000 ft2 vegetated roof planned for a new Ford assembly plant in Dearborn, MI, a

vegetated roof at the Green Institute in Minneapolis, a vegetated roof top at the Fencing

Academy, Philadelphia (U.S. EPA, 2000c), numerous green roofs in Portland, OR, encouraged

by a city incentive program (Liptan and Strecker, 2003), and the Green Roof research center at

the University of Pennsylvania dedicated to demonstrating and promoting green roof research,

education and technology transfer, are raising visibility and encouraging the nascent U.S. market

for green roof technology.


Green roofs are especially effective in controlling intense, short-duration summer storms and

have been shown to reduce cumulative annual runoff by 50% in temperate climates with summer

storm reductions of up to 80 or 90%.  Green roof systems partially restore the natural hydrologic

cycle, compensating for the impervious surface areas associated with urban development.  These

systems absorb and retain precipitation; the water is used by the plants or slowly released to the

storm system. In general, green roof systems provide summer retention rates of 70 to 100% and

winter rates of 40 to 50% depending on factors such as precipitation patterns and forms,

substrate, type and depth of vegetation, temperature, humidity, sun and wind.  In addition, they

moderate the temperature of runoff and filter nutrients, sediments and metals from the runoff.


Green roofs provide stormwater management benefits by: 

< utilizing the biological, physical, and chemical processes found in the plant and soil


complex to prevent airborne and rain-entrained pollutants from entering the storm drain 
system; and 

< reducing the runoff volume and peak discharge rate by holding back and slowing down 
the water that would otherwise flow quickly into the storm drain system. 
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The hydrologic processes that can be influenced by design choices and aid in managing 
stormwater include: interception of rainfall by foliage and subsequent evaporation; soil moisture 
penetration, soil adsorbing ability, and soil moisture maintenance (e.g., irrigation); reduction in 
the velocity of runoff; shallow subterranean flow through the soil; root zone moisture uptake; 
and, evapotranspiration (U.S. EPA, 2000a). 

2.1.2.5 Low-Impact Development (LID)

LID is a site design strategy with the goal of maintaining or replicating or minimizing the change 
in the pre-development hydrologic regime through the use of design techniques to create 
functionally equivalent hydrologic landscapes.  Hydrologic functions of storage, infiltration, and 
ground water recharge, as well as the volume and frequency of discharges are maintained, or 
their changes reduced through the use of integrated and distributed micro-scale stormwater 
retention and detention areas, reduction of impervious surfaces, and the lengthening of flow paths 
and runoff time (U.S. EPA, 2000d). Over the last several years, a number of techniques when 
applied in combination in a methodological way, have asserted to result in little or no stormwater 
impacts. These techniques began to be increasingly implemented in stormwater management 
efforts in the early 1990's and were given the term Low-Impact Development (LID) by Prince 
George’s County (Strecker, 2001). 

The principles of LID are based on controlling stormwater at the source by the use of micro scale 
controls that are distributed throughout the site. These are multi functional site design practices 
and incorporate alternative stormwater management practices such as functional landscapes that 
act as stormwater control facilities, depression storage and open drainage swales.  Such systems 
of controls can reduce or eliminate the need for a centralized BMP facility for the control of 
stormwater runoff. LID measures provide a means to address both pollutant removal and the 
protection of pre-development hydrologic functions.  Some basic LID principles include 
conservation of natural features, minimization of impervious surfaces, hydraulic disconnects, 
disbursement of runoff, and phytoremediation.  LID practices such as bioretention facilities or 
rain gardens, grass swales and channels, vegetated rooftops, rain barrels, cisterns, vegetated filter 
strips and permeable pavements perform both runoff volume reduction and pollutant filtering 
functions (Prince George's County (DER), 2002).  The benefits of LID are many: 
< LID addresses hydrologic changes caused by development at the site level, which reduces 

the downstream impact of increased imperviousness. 
<	 LID practices, when used in combination with each other and with traditional treatment 

practices such as regional retention ponds, further reduce pollutant loading to receiving 
water bodies. 

<	 Many LID practices involve natural landscaping, including the planting of trees, shrubs, 
and flower gardens that enhance site aesthetics and reduce mowing requirements; the 
choice of local species and locally grown stocks can greatly reduce watering and fertilizer 
requirements. 

<	 Careful regrading and well-sited localized depression and storage areas with slower but 
assured drainage help improve overall site drainage, prevent overly long pooling and 
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creation of mosquito-breeding habitat, and reduce both onsite and downstream flooding. 

2.1.3 Materials Management 

The responsible management of common chemicals, such as fertilizers, solvents, paints, cleaners, 
and automotive products can significantly reduce polluted stormwater runoff (U.S. EPA, 2001). 
Such products must be handled properly in all stages of their useful lives.  These practices 
include controlling the use, storage and disposal of chemicals that could pollute stormwater 
runoff with the objective of reducing the opportunity for rainfall or runoff to come into contact 
with these chemicals. This BMP includes activities pertaining to material use controls, material 
exposure controls, and material disposal and recycling controls.  Material storage controls help 
prevent or reduce the discharge of pollutants to stormwater from material delivery and storage 
areas for municipal and commercial operations.  This BMP primarily concerns the design and 
maintenance of material storage areas that reduce exposure to stormwater by storing materials 
inside or under cover on paved surfaces; using secondary containment, where required; 
minimizing storage and handling of hazardous materials; and, regularly inspecting storage areas 
(WEF and ASCE, 1998). Materials management primarily includes use minimization and the 
use of less toxic alternatives and recommends the following approaches as control measures: 
< using products only when needed, 
< using chemicals according to label instructions or lesser quantities, and 
< applying only when required. 

2.1.3.1 Alternative Product Substitution

The presence of toxic substances in stormwater and receiving waters can be drastically reduced 
by prudent use of alternatives to toxic substances.  The most common toxic substances found in 
homes and small businesses include cleaners, automotive products, pesticides, fertilizers, paints 
and fuels that find their way into ground and surface receiving waters upon improper disposal. 
Alternatives exist for most product classes; some examples include rechargeable batteries, baking 
soda, pump-type or non-aerosols etc.  Most garden products have natural alternatives, and less 
toxic alternatives exist for home and automotive repair products (WA DOE, 2001). For example, 
alternatives to pesticides, such as insecticidal soap or natural bacteria recommended in integrated 
pest management programs can help reduce the need for pesticides (U.S. EPA, 1999b). 
Integrated pest management strategies include the use of natural predators and pathogens, 
mechanical controls, native and pest-resistant plants, removing pest habitat and localized use of 
appropriate use of chemicals as a last resort when problems are observed (Taylor and Wong, 
2002). 

Care should also be exercised in selecting building materials for new construction and 
renovation. Commonly used building materials such as zinc roof gutters and architectural copper 
can leach significant quantities of dissolved metals into runoff causing adverse ecological 
impacts. The use of proper alternative materials can reduce potential contaminants in runoff by 
eliminating compounds that leach into runoff. This will reduce the need for pesticide 
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application, painting and other maintenance by reducing the volume of runoff.  Alternative 
building materials are available instead of treated copper base (or other treatment of wood) as 
lumber for decking (plastic or plastic-wood composites), roofing materials (coated metal 
products, roofing materials made of recycled rubber or plastic instead of metals), home siding 
(vinyl, cement-fiber), and paving for driveways, decks and sidewalks (porous concrete and 
asphalt, modular blocks and crushed granite). Other examples include the use of formaldehyde-
free plywood, and low VOC paints, carpets, and pads (CASQA, 2003).  

The promotion of safer alternative products, however, should be coupled with other programs 
designed to reduce the presence of hazardous or toxic materials in homes, offices, commercial 
spaces and more importantly, urban stormwater runoff.  Examples of such programs are 
hazardous materials collection, good housekeeping or material management practices, oil and 
automotive waste recycling, and spill response and prevention (WEF and ASCE, 1998). 
Examples of proactive communities (those that have instituted effective programs promoting 
safer alternative products) include Santa Clara County, the city of Palo Alto, the city and county 
of San Francisco, CA, and the cities of Bellevue and Seattle, WA. 

2.1.3.2 Housekeeping Practices 

The promotion of efficient and safe housekeeping practices (which include storage, use, cleanup, 
and disposal) when handling potentially harmful materials such as pesticides, fertilizers, cleaning 
solutions, paint products, automotive products, and swimming pool chemicals can be an effective 
source control BMP. The target audiences for making this BMP an effective one are municipal 
employees, the general public and small and large businesses.  This BMP should be implemented 
in conjunction with safer alternative products BMPs and integrated to the highest extent possible 
with existing programs in the municipality. 

Commercial and retail areas can contribute significantly to pollutant loadings in urban 
stormwater runoff, with the largest contribution from impervious surfaces used for vehicle 
parking, storage and maintenance areas that contribute metals, sediments and hydrocarbons. 
Good housekeeping practices include using porous pavement or modular paving systems for 
vehicle parking lots, minimizing or eliminating exposure of materials and equipment to rainfall 
by storing inside or under cover, using dry cleanup techniques instead of wet techniques, 
minimizing pesticide/herbicide and fertilizer use, limiting discharges of equipment wash water to 
storm drains, and limiting direct runoff of rooftops to storm drains (U.S. EPA, 1993a, 1999b). 

2.1.4 Street/Storm Drain Maintenance 

This BMP category applies to the removal of pollutants from paved areas and the maintenance of 
runoff quality controls that exist within the drainage system.  Examples include street and 
parking lot sweeping, catch basin cleaning, road and bridge maintenance, and maintenance of 
structural controls in the system for runoff quality management.  This group also includes the use 
of good housekeeping measures whenever performing pavement maintenance such as installing 
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asphalt overlays or conducting seal and chip procedures. 

2.1.4.1 Street Cleaning

Street and parking area cleaning was extensively studied during early U.S. EPA-funded research 
projects since the 1970s, as it was thought to be an effective means of controlling the quality of 
runoff associated with large quantities of pollutants found on streets and parking lots (Field and 
Sullivan, 2003). This management measure involves employing pavement cleaning practices 
such as street sweeping on a regular basis to minimize pollutant export to receiving waters. 
These cleaning practices are designed to remove from road and parking lot surfaces sediment 
debris and other pollutants that are potential sources of pollution affecting urban waterways 
(FHWA, 2000). Street sweeping is considered to be an effective ultra-urban best management 
practice for reducing total suspended solids and associated pollutant washoff from urban streets. 
This is especially well suited to those urban environments with little land available for the 
installation of structural controls.  Areas of application include commercial business districts, 
industrial sites, and intensely developed areas in close proximity to receiving waters.  In highway 
applications, street-sweeping may be considered for road shoulders (where safety permits), rest 
stop parking areas, or maintenance yards.  There are many kinds of street sweepers currently 
being used: mechanical; vacuum-assisted sweepers; tandem sweeping; regenerative air sweepers; 
and, vacuum-assisted dry sweepers. 

Performance evaluation of street sweeping as a stormwater quality BMP under the NURP 
Program (U.S. EPA, 1983) concluded that while this technique was effective in removing litter 
and coarse fractions of sediment from the surface, it provided no significant reduction in nutrient 
concentrations in stormwater runoff. However, newer street sweeping technology more 
effectively removes the finer fraction of suspended particles that carry a substantial portion of the 
stormwater pollutant load; sweeping programs carried out routinely on a weekly or bimonthly 
basis have shown potential reductions of up to 80% in annual loads of total suspended solids and 
associated pollutants (FHWA, 2000; U.S. EPA, 2001). 

Although street sweeping has been widely practiced for litter and dust control, its implementation 
as a stormwater pollution control practice is a fairly recent development (NVPDC, 1996).  “The 
effectiveness of street sweeping programs depends more on factors such as land-use activities, 
the inter-event dry period, street sweeping frequency and timing, access to source areas and 
sweep operation than the actual street sweeping mechanism” (Walker and Wong, 1999, in Taylor 
and Wong, 2002). The performance of street sweepers is significantly affected by factors that 
include street dirt loadings, street texture, litter and moisture, parked car conditions, and 
equipment operating conditions. It must be noted that extensive street cleaning might be more 
beneficial in reducing SS and heavy metals in arid western regions of the U.S., where the 
infrequent rains allow substantial pollutant accumulation on the street; however, in the wet 
southeastern U.S. where large and frequent rains occur, “street cleaning is likely to have much 
less direct water quality benefit, beyond possibly important litter and floatable control” (Field 
and Sullivan, 2003). 
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2.1.4.2 Catchbasin Cleaning

Catchbasins are chambers or sumps, usually built at the curb line, that allow surface water runoff 
to enter the stormwater conveyance system.  Many catchbasins have a low area below the invert 
of the outlet pipe intended to retain coarse sediment.  Catchbasins as BMPs are reasonably 
effective in protecting sewers from receiving loads of very coarse solids greater than 0.04 in. 
diameter, but not very effective in capturing fine particulates such as clays or silt (MDEQ, 1998). 
Catchbasins naturally accumulate sediment and debris such as trash and leaf litter; sediment 
trapping by catch basins prevents solids from clogging the storm sewers and being washed into 
receiving waters. Uncleaned catchbasins which allow coarse materials to overflow may 
contribute higher loads of BOD (biochemical oxygen demand) and sediment to the receiving 
streams. Catchbasins in order to be effective require periodic cleaning using either a vacuum or 
adductor to remove the accumulated pollutants and maintain the pollutant removal efficiency 
(U.S. EPA, 1999a, 1999b). One recommendation is to clean the catchbasins at least two times 
per yr (just before and after the rainy season), and/or when the catchbasin storage is one-third 
full, whichever happens first, as this will help keep pollutants and sediments from re-entering 
stormwater (Pierce County).  Some limitations associated with catchbasin cleaning include: 
< Catchbasin debris usually contain appreciable amounts of water and “offensive” 

(odorous) organic matter that must be properly disposed of. 
< Catchbasins may be difficult to clean in areas with poor accessibility, traffic congestion 

and parking problems. 
< Cleaning is difficult in winter in the presence of snow and ice (U.S. EPA, 1999a). 

Sediment and debris removed from catchbasins can potentially be classified as hazardous waste 
particularly when cleaning is infrequent and/or in industrial areas and always needs to be 
disposed of properly to avoid negative environmental impacts. 

2.1.4.3 Roadway and Bridge Maintenance

Road and street surfaces undergo breakdown due to frictional action of traffic, freeze-thaw 
temperatures, frost heaving, ultraviolet degradation and erosion of road subbase.  This results in 
exposure of unstabilized subbase material to erosive forces of water and subsequent increases in 
suspended solids concentration as well as other constituents such as PAHs. The substantial 
loadings of sediments and other pollutants generated during daily roadway and bridge use and 
scheduled repair operations pose a threat to local water quality by contributing heavy metals, 
hydrocarbons, PAHs, sediment and debris to stormwater runoff (U.S. EPA, 2001).  A few 
measures that help to alleviate the impact of pollutants from roadway surfaces include: 
< Routine performance of maintenance activities such as sweeping, vegetation 

maintenance, and cleaning of runoff control structures. 
< Modifications in roadway resurfacing practices and application techniques for salt and 

other deicers. 

Extensive studies on the characterization and environmental impacts of highway deicing 
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chemicals have been conducted by the U.S. EPA and the negative environmental impacts of these 
salting and sanding operations is well documented (D'Itri, 1992).  Alternative de-icing products 
such as acetates, formates and agricultural residues can be used if impacts due to traditional 
deicing products are significant (U.S. EPA, 1999a, 1999b) 

2.1.4.4 Storm Drain Flushing

Overflowing of storm drains and storm drain inlets, as well as the resulting increase in erosion 
are natural consequences of irregular cleaning and maintenance of these facilities.  Routine 
cleaning of storm drains is associated with a lot of benefits, including increased dissolved 
oxygen, reduced levels of bacteria and support of instream habitat.  Flushing a storm drain with 
water to suspend and remove deposited materials is particularly beneficial for storm drain pipes 
with relatively flat grades or low flows where self-cleansing becomes difficult (U.S. EPA, 2001). 
Flushing helps to ensure that pipes convey design flow and removes pollutants from the storm 
drain system (WEF and ASCE, 1998). 

2.1.4.5 BMP Maintenance

BMPs require a variety of periodic maintenance activities in order to enhance performance.  This 
includes sediment removal, vegetation maintenance, periodic maintenance and repair of outlet 
structures if needed, periodic replacement of filter media, to name a few (U.S. EPA, 1999b). 
Regular inspection of control measures is essential in order to maintain the effectiveness of 
post-construction stormwater BMPs. The inspection and maintenance of BMPs can be 
categorized into two groups: expected routine maintenance, and non-routine (repair) 
maintenance. Routine maintenance involves checks performed on a regular basis to keep the 
BMP in good working order and aesthetically pleasing and is an efficient way to avoid the health 
and safety threat inherent in BMP neglect (e.g., prevent potential nuisance situations, reduce the 
need for repair maintenance, reduce the chance of polluting stormwater runoff by finding and 
correcting problems before the next rain) (U.S. EPA, 2001).  A general guideline on BMP 
maintenance is presented in more detail in Chapter 5 of this white paper. 

2.1.4.6 Storm Channel and Creek Maintenance

Regular removal of illegally dumped items and material from storm drainage channels and creeks 
helps to reduce pollutant levels in stormwater runoff. The approaches for effective storm channel 
and creek maintenance include the following: 
< identify and regularly clean up stormwater "hotspots" and other storm drainage areas 

where illegal dumping and disposal occurs, 
< establish and maintain buffer zones along creeks, and 
< modify storm channel characteristics: e.g., improve channel hydraulics; reduce channel 

erosion and increase pollutant removals; and enhance aesthetics and habitat values. 
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2.1.4.7 Stormwater “Hotspots” 

Stormwater “hotspots” are areas of the urban landscape that often generate higher concentrations

and/or loads of certain pollutants, such as hydrocarbons, trace metals or toxicants than are

normally found in urban stormwater runoff and that are termed so based on monitoring studies

(MDE, 2000; Atlanta Regional Commission, 2001). These areas merit special management and

the use of specific pollution prevention activities and/or structural stormwater controls.  These

are areas where land use or activities generate potentially highly contaminated stormwater runoff,

with concentrations of pollutants in excess of those typically found in urban stormwater.  


The designation of a site as a stormwater hotspot has important implications for how the

stormwater is managed, the most important one being that untreated stormwater runoff from

hotspots cannot be allowed to infiltrate into groundwater where it may contaminate water

supplies. Secondly, a higher level of stormwater treatment is needed at hotspot sites to prevent

pollutant washoff after construction.  This typically involves preparing and implementing a

stormwater pollution prevention plan that involves a series of operational practices at the site to

reduce the generation of pollutants by preventing contact with rainfall.  The following land uses

and activities are typically considered as stormwater hotspots when exposed to stormwater (VA

DCR, 1999; Atlanta Regional Commission, 2001; CASQA, 2003):

< vehicle salvage yards and recycling facilities;

< vehicle fueling, service, and maintenance facilities;

< vehicle and equipment cleaning facilities;

< fleet storage areas;

< industrial areas;

< marinas - service and maintenance;

< outdoor liquid container storage;

< outdoor loading/unloading facilities;

< public works storage areas;

< facilities that generate or store hazardous materials;

< commercial container nurseries; and 

< other land uses and activities as designated by an appropriate review authority.


2.1.5 Spill Prevention and Cleanup 

This category of BMPs includes programs that reduce the risk of spills during outdoor handling 
and transportation of chemicals and other materials. It also includes the development of plans 
and programs to respond, contain and rapidly clean up spills when they do occur so that they do 
not enter the storm drain system.  According to the U.S. EPA (2001), spill response and 
prevention plans should “clearly state measures to stop the source of a spill, contain the spill, 
cleanup the spill, dispose of contaminated materials, and train personnel to prevent and control 
future spills.” Such plans are most applicable to construction sites where hazardous wastes are 
stored or used (U.S. EPA, 1992). The preliminary steps include: (i) identifying potential spill or 
source areas such as loading and unloading, storage, and processing areas; places that generate 
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dust or particulates; and, areas designated for waste disposal; and, (ii) evaluating stationary 
facilities that include manufacturing areas, warehouses, service stations, parking lots, and access 
roads. 

2.1.5.1 Above Ground Tank Spill Control

Preventing or reducing the discharge of pollutants to stormwater from storage tanks can be done 
by installing safeguards against accidental releases, installing secondary containment, conducting 
regular inspections, and training employees in standard operating procedures and spill cleanup 
techniques (WEF and ASCE, 1998). 

2.1.5.2 Vehicle Spill Control

Methods for preventing or reducing the discharge of pollutants to stormwater from vehicle leaks 
and spills include reducing the chance for spills by preventive maintenance, stopping the source 
of spills, containing and cleaning spills, properly disposing of all spill materials, and training 
employees. The following practices help to reduce the impact from these activities (U.S. EPA, 
1999b): 
< All spills or leaks should be cleaned using a dry absorbent such as cat litter or 

commercially available sorbents and disposed of appropriately. 
< All used fluids should be recycled or disposed of appropriately. 
< All fluid leaks should be repaired as soon as possible to reduce discharge to the 

environment. 

2.1.6 Illegal Dumping Controls 

The use of measures to detect, correct, and enforce laws against illegal dumping of pollutants in 
gutters and streets and into the storm drain system and creeks can have a significant effect on 
stormwater quality. This BMP includes the control of both direct and indirect sources (WEF and 
ASCE, 1998). This category of BMPs comprises ordinances, public education programs, and 
authorized enforcement measures aimed at keeping individuals and businesses from dumping 
various waste products onto the urban landscape and into the drainage system.  The control of 
illegal dumping practices is important to prevent contaminated runoff from entering wells and 
surface water, as well as averting flooding due to blockages of drainage channels for runoff (U.S. 
EPA, 2001). The key to successfully using this BMP is increasing public awareness of the 
problem and its implications.  Some of the issues that need to be examined when creating a 
program include: 
< the locations of persistent illegal dumping activity; 
< types of wastes dumped and the profile of dumpers; 
< possible driving forces behind illegal dumping, such as excessive user fees, restrictive 

curbside trash pickup, or ineffective recycling programs; 
< previous education and cleanup efforts; 
< current control programs and local laws or ordinances addressing the problem; and 
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< sources of funding and additional resources that may be required. 

Illegal dumping controls should focus on the following program areas (U.S. EPA, 1998a): (i) 
cleanup efforts; (ii) community outreach and involvement; (iii) targeted enforcement; and, (iv) 
tracking and evaluation. A few well known examples of illegal dumping controls are discussed 
below: 

2.1.6.1 Storm Drain Stenciling

Storm drains frequently discharge runoff directly to water bodies with little or no treatment. 
Dumping of waste materials into these systems (inlets, catchbasins, channels and creeks) could 
have severe impacts on receiving water quality.  Storm drain stenciling programs that educate 
residents not to dump materials into storm drains or onto sidewalks, streets, parking lots and 
gutters is an effective means of reducing nonpoint source pollution associated with such illegal 
dumping. Storm drain signs and stencils use prohibitive language and/or graphic icons 
discouraging illegal dumping of improper materials into the urban stormwater runoff conveyance 
system, and are typically placed directly adjacent to storm drain inlets (WEF and ASCE, 1998; 
U.S. EPA, 1999b; CASQA, 2003). The use of these highly visible source controls is a common 
educational strategy in pollution prevention in the U.S. and Australia.  Although a few studies 
reported a positive correlation between seeing the stencils and levels of stormwater awareness, 
there is no conclusive observation to demonstrate that stormwater drain stenciling raises public 
awareness or induces behavioral change (Taylor and Wong, 2002). 

2.1.6.2 Household Hazardous Waste Collection

Collection programs to recover substances that may otherwise be dumped onto land or into 
stormwater is a common BMP in major areas.  The U.S. EPA (1993a) reported rapid growth in 
the number of household hazardous chemical collection programs in the U.S., from a mere 2 
programs in 1980 to 822 in 1990. Collection efforts should be integrated with an already 
established municipal solid waste program. The frequency of collection is based on waste type, 
community characteristics, existing programs and budgets. 

2.1.6.3 Used Oil Recycling

Used motor oil is a hazardous waste as it contains heavy metals picked up from the engine during 
use and should be disposed of at a local recycling or disposal facility.  The recycling of used 
motor oil is a responsible alternative to improper disposal practices such as dumping oil in the 
sanitary sewer or storm drain system, applying oil to roads for dust control, placing used oil and 
filters in the trash for landfill disposal, or simply pouring used oil on the ground.  Used oil can be 
recycled in a number of ways (U.S. EPA, 2001): 
< Reprocessing used oil into fuel, which is used for heating and cooling homes.  This is the 

most common method of recycling used oil in the U.S. with approximately 750 million 
gallons being reprocessed every year and marketed to asphalt plants, steel mills, boilers, 
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pulp and paper mills, cement/lime kilns, and a number of other places. 
< Motor oil can also be burned in furnaces for heat or in power plants to generate electricity 

for homes, businesses, or schools. 
< It can also be blended for marine fuels, mixed with asphalts for paving, or used in 

industrial burners. 
< Used motor oil can also be used in specially designed municipal garages, space heaters, 

and automotive bays. 
< Used motor oil can be re-refined into lubricating oils that meet the same standards as 

virgin/new oil. 
< Implementation of recycling programs involving public participation at local and national 

levels 

2.1.7 Illicit Connection Controls 

Illicit connections are defined as "illegal and/or improper connections to storm drainage systems 
and receiving waters" (CWP, 1998).  The interest in illicit or inappropriate connections to storm 
drainage systems is an outgrowth of investigations into the larger problem of determining the role 
of urban stormwater runoff as a contributor to receiving water quality problems.  Identifying 
illicit and improper connections is necessary for all sewer systems, especially in areas where 
pollutants with unknown sources have been detected in receiving waters.  Non-stormwater outfall 
discharges fall into three categories: (i) pathogenic/toxicant; (ii) nuisance and aquatic life 
threatening; and, (iii) clean water.  Outfall discharges containing pathogenic or toxic pollutants 
are the most important, and the most likely sources of these pollutants are sanitary and industrial 
wastewaters (U.S. EPA, 1993c).  Potential sources of contaminated entries into storm drainage 
systems include residential and commercial sources; industrial sources; intermittent sources; 
direct connections to storm drains; and infiltration to storm drains.  A major source of illicit 
discharges to storm drain systems are direct connections of sanitary sewer piping to the storm 
drain system. Besides direct connections, seepage and sewage from leaking sanitary sewer lines 
find their way into storm drains, especially in areas where storm drains run parallel to the sanitary 
sewer lines. The level and types of industrial activities and the surrounding land uses and 
ordinances will affect the methods used to identify illicit connections. 

2.1.7.1 Illicit Connection - Prevention, Detection and Removal 

This group of controls is directed at preventing by ordinance, and eliminating by discovery or 
removal, connections to the storm drainage system that discharge any material other than 
stormwater runoff.  Bans on connection of floor drains, wash down areas, septic tank overflows, 
and other similar practices to the stormwater conveyance system are all a part of this BMP 
category.  The prevention of unwarranted physical connections to the storm drain system from 
sanitary sewers and floor drains through regulation, regular inspection, testing and education can 
remove a significant source of stormwater pollution.  Control procedures for detecting and 
removing illegal connections from the storm drain conveyance system should be implemented to 
identify, repair, and remediate infiltration, inflow, and wet-weather overflows from a sanitary 
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sewer to the storm drain conveyance system.  This will effectively reduce or prevent 
unauthorized discharges to receiving waters; some strategies include field-screening, follow-up 
testing and complaint investigation (U.S. EPA, 1993c, 2003). 

Several methods exist for the detection and elimination of illicit cross-connections, which 
significantly reduce the concentrations of bacteria, nutrients, and oxygen demanding substances 
contained in stormwater discharges. Useful indicators of the presence of cross connections 
include dry-weather flows in storm sewer lines and biological indicators that indicate the 
presence of human fecal matter in storm drain outfalls (U.S. EPA, 1999b).  Excavation and 
correction of illicit connections must be a natural follow-up to detecting these in the first place, 
and additionally, plans for new development need to be reviewed with periodic inspections 
during construction preventing future cross connections from being placed.  

2.1.7.2 Failing Septic Systems and Sanitary Sewer Overflows

A failing septic system is considered to be one that discharges effluent with pollutant

concentrations exceeding established water quality standards.  Failure rates for septic systems

typically range between 1 and 5 % each year but can be much higher in some regions (U.S. EPA,

2001). Septic system failure has several causes: (i) unsuitable soil conditions; (ii) improper

design and installation; or (iii) inadequate maintenance practices.  Improperly functioning septic

systems contribute significant loads of pollutants (especially nitrogen) and microbial pathogens. 

Identifying and eliminating these control the contamination of ground and surface water supplies

from untreated wastewater discharges. 


Sanitary sewer overflows (SSOs) occur in urbanized areas where a separate sanitary sewer

system has been created to move wastewater from households and businesses to treatment plants. 

The detection and elimination of SSOs is most important because sanitary sewer collection

systems represent a significant investment for urban municipalities.  SSOs can often be reduced

or eliminated by a number of practices, including the following (U.S. EPA, 2001): 

< sewer system cleaning and maintenance, 

< reducing infiltration and inflow through rehabilitation and repair of broken or leaking


sewer lines, 
< enlarging or upgrading the capacity of sewer lines, pump stations, or sewage treatment 

plants, 
< constructing wet-weather storage and treatment facilities to treat excess flows, and 
< addressing SSOs during sewer system master planning and facilities planning. 

2.1.8 Stormwater Reuse 

Stormwater runoff stored in a surface pond or in the surficial aquifer and then used as a source of 
irrigation water can reduce potable water use in an area and reduce pollutant loadings from 
stormwater.  The reuse of stormwater is an alternative source of non-potable water and most 
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likely the major use is for irrigation.  Stormwater reuse can take place at the (i) household; (ii) 
municipal; or, (iii) a larger (regional)level (UNEP IETC, 2000).  

At the household level, roof runoff could be collected in a tank for use as drinking water 
(common in arid regions), flushing toilets, or irrigation of gardens.  The first flush, generally 
contaminated with dust particles, leaf litter and animal droppings, can be diverted using a simple 
diverter; gross particles should be filtered by placing a screen near the inlet.  Directing water 
from the roof directly to garden bed rather than through soakways would benefit shallow-rooted 
vegetation, especially in arid regions. 

At the municipal level, stormwater can be stored in ponds for use for irrigation of parks and 
gardens and for fire-fighting purposes.  Surface detention ponds have been modified to store 
stormwater for later re-use in Florida (Bradner and Wanielista, 1992; Wanielista and Bradner, 
1992). This is in addition to employing the ponds for flood control and for improving the 
amenity value of the water.  Other uses could be for groundwater recharge, water storage during 
the rainy season and subsequent withdrawal in the dry season.  Groundwater recharge can also be 
used to prevent seawater intrusion in coastal areas subject to heavy groundwater withdrawal in 
excess of natural replenishment by precipitation. 

2.2 STRUCTURAL OR TREATMENT BEST MANAGEMENT PRACTICES 

Structural BMPs are used to treat the stormwater either at the point of generation or the point of 
discharge to either the storm sewer system or to receiving waters.  The selection and successful 
design of selected structural BMPs for stormwater quality enhancement is the cornerstone of 
stormwater management in newly developing and redeveloping urban areas. Structural BMPs 
require commitment of resources for initial construction and continuing operation and 
maintenance. Structural BMPs can be grouped into several general categories; however, the 
distinction between BMP types and the terminology used to group structural BMPs is an area that 
requires standardization. For purposes of this paper, and to be consistent with the definitions and 
terminology used in the ASCE National Stormwater Database and the OW menu of BMPs, 
structural BMPs for urban stormwater management have been grouped and defined as shown in 
Table 2-2. (Schueler, 1987; WEF and ASCE, 1998; U.S. EPA, 1999b; NYSDEC, 2001). 

Table 2-2. Structural or Treatment Best Management Practices for Urban Stormwater 

Major Categories Structural BMPs 

2.2.1 Ponds < Dry Detention Ponds 
< Dry-Extended Detention Ponds 
< Wet (Retention) Ponds 

2.2.2 Stormwater Wetlands < Constructed Wetlands 
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2.2.3 Vegetative Biofilters < Grass Swales (Wet/Dry) 
< Filter Strip/Buffer 
< Bioretention Cells 

2.2.4 Infiltration Practices < Infiltration Trench 
< Infiltration Basin 
< Porous Pavement 

2.2.5 Sand and Organic < Surface Sand Filter 
Filters < Perimeter Filter 

< Media Filter 
< Underground Filter 

2.2.6 Technology Options < Water Quality Inlets 
and Others < Multi-Chambered Treatment Train 

< Vortex Separation/Continuous Deflection Systems 

(WEF and ASCE, 1998; U.S. EPA, 2001a) 

2.2.1 Stormwater Ponds 

Stormwater ponds refer to practices that have either a permanent pool of water or a combination 
of permanent pool and extended detention capable of treating the water quality volume (WQv), 
which is the storage needed to capture and treat the runoff from 90% of average annual rainfall.  
Treatment of the WQv shall be provided at all developments where stormwater management is 
required.; a more detailed of the same follows in Chapter 3. Stormwater ponds can either be a 
detention system (dry/extended detention ponds) or a retention system (wet ponds).  Detention 
systems capture a volume of runoff and temporarily retain that volume for subsequent release and 
do not retain a significant permanent pool of water between runoff events.  Retention systems, on 
the other hand, capture a volume of runoff and retain that volume until it is displaced in part or in 
total by the next runoff event, thereby maintaining a significant permanent pool of water between 
runoff events (NYSDEC, 2001). 

2.2.1.1 Dry Detention Ponds

Dry ponds, also called detention ponds, are stormwater basins designed to intercept a volume of 
stormwater runoff and temporarily impound the water for gradual release to the receiving stream 
or storm sewer system.  They are usually designed to reduce the peak flow resulting from a 
selected design storm (e.g., a 10-yr storm) to the pre-development level to prevent downstream 
flooding. These typically on-line, end-of-pipe BMPs are designed to completely empty out 
between runoff events, and therefore mainly provide runoff control as opposed to water quality 
control (U.S. EPA, 1999b; Metro Council, 2001). Dry ponds are not very effective in removing 
pollutants, especially particulates, due to the short detention times; particulates that settle to the 
bottom of the pond are easily re-suspended by subsequent runoff.  Dry ponds should therefore be 
treated as practices used to reduce the peak discharges of stormwater to receiving streams, limit 
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downstream flooding and provide some degree of channel protection. 

Most dry ponds are designed to empty in a time period of less than 24 h and can limit 
downstream scour and loss of aquatic habitat by reducing the peak flow rate and energy of 
stormwater discharges to the receiving stream.  Typically, dry ponds are designed so that release 
rates are comparable to pre-development flow rates, and their use is largely confined to retrofit 
situations and as a part of an overall treatment-train approach (Clar et al., 2003). 

2.2.1.2 Dry, Extended-detention (ED) Ponds

The outlet structure of a dry pond can be modified in such a way to provide a “retention outlet”

that is sized for slow release of the runoff from a designated “BMP storm”; a BMP storm is a

small and frequent storm, such as the 1-yr storm, which is prescribed by regulations or

ordinances as the BMP design storm (Yu and Nawang, 1993).  ED ponds temporarily detain a

portion of urban runoff for up to 48 h (a 24 h limit is more common) after a storm, using a fixed

orifice to regulate outflow at a specified rate, allowing solids and associated pollutants the

required time to settle out. The ED ponds are normally "dry" between storm events, do not have

any permanent standing water and typically are composed of two stages: an upper stage, which

remains dry except for larger storms, and a lower stage, which is designed for typical storms. 

The performance can be enhanced by using plunge pools near the inlet, a micropool at the outlet,

and an adjustable reverse-sloped pipe as the ED control device (orifice) (NVPDC, 1979; U.S.

EPA, 1993a). Temporary and most permanent ED ponds use a riser with an antivortex trash rack

on top to control trash.


Advantages:

Dry Ponds:

< Can perform well in cold climates.

< Limit downstream scour and loss of aquatic habitat by reducing the peak flow rate and


energy of stormwater discharges to receiving streams. 
< Properly designed ponds could be used as recreational areas when not in frequent use. 

ED Ponds: 
<	 ED ponds are some of the best facilities for treating spring and winter runoff, as 

compared to dry ponds; ponds without ED may have minimal storage above the ice 
surface; therefore, treatment could be bypassed. 

< ED ponds are very effective in controlling peak discharges, which is an important factor 
in reducing downstream streambank erosion and sediment loads.   

< These BMPs are good retrofitting options for existing dry basins and control both 
stormwater quality and quantity. 

<	 ED ponds that include a dead storage pool can remove significant levels of sediment and 
sorbed pollutants, and could provide excellent streambank erosion protection and 
stormwater treatment when used in combination with other structural practices or when 
retrofitted with permanent pools. 
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Limitations:

Dry Ponds:

< Dry ponds are not a suitable option for drainage areas of less than 10 acres.

< Dry ponds have a high potential for clogging outlets and sediment resuspension between


storm events if improperly maintained, and provide only marginal removal of stormwater 
pollutants. 

ED Ponds: 
< Erosion and resuspension of sediments may occur in the pond if the upper stage is not 

properly vegetated. 
< Discharges from ponds may consist of warm water, hence, their use must be limited in 

areas where warm water discharges will adversely affect a cold-water fishery. 

2.2.1.3 Wet (Retention) Ponds

Wet ponds, also known as retention ponds, are designed to intercept a volume of stormwater 
runoff and provide storage and treatment of this runoff volume.  Water in the pond above the 
permanent pool level, is the volume available for storage (WQv), that is displaced in part or 
completely by the runoff volume from subsequent runoff events.  Wet ponds have a capacity 
greater than the permanent pond volume, which permits storage of the influent stormwater runoff 
and controlled release of the mixed influent and permanent pond water (Field and Sullivan, 
2003). Properly designed and maintained wet ponds can be extremely effective BMPs, providing 
both water quality improvements and quantity control, in addition to providing aesthetic value 
and aquatic and terrestrial habitat for a variety of plants and animals (U.S. EPA, 1999a).  Wet 
ponds allow particulate pollutants to settle out and dissolved pollutants to be removed by 
biological uptake or other decay processes (Yu and Nawang, 1993). 

Advantages: 
< Properly designed, constructed and maintained wet ponds can provide substantial 

aesthetic/recreational value and wildlife and wetlands habitat. 
<	 The presence of a permanent wet pool helps provide significant water quality 

improvement across a relatively broad spectrum of constituents, including dissolved 
nutrients. 

<	 Widespread application with sufficient capture volume can provide significant control of 
channel erosion and enlargement caused by changes to flow frequency relationships that 
result from the increase of impervious cover in a watershed. 

Limitations:  
< Wet ponds require relatively large land area and are not suited for drainage areas smaller 

than 10 acres. 
< They cannot be placed on steep or unstable slopes and require a base flow or 

supplemental flow in order to maintain the water level. 
< Improper design and irregular maintenance may result in stratification and anoxic 
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conditions that can promote the release of metals and nutrients from the trapped 
sediments (CASQA, 2003). 

2.2.2. Stormwater Wetlands 

Wetlands have long been used in the final treatment of municipal wastewater, and in the last 
decade have been increasingly used as a stormwater BMP option (Field and Sullivan, 2003).  
Wetlands remove pollutants through sedimentation, plant uptake, microbial decomposition, 
sorption, filtration, and exchange capacity, and can be natural, modified natural, or constructed 
(Metro Council, 2001). 

2.2.2.1 Constructed Wetlands

Constructed wetlands are engineered systems designed to simulate the water quality 
improvement functions of natural wetlands to treat and contain surface water runoff pollutants 
and decrease loadings to surface waters.  Constructed wetland systems are similar to detention 
and retention systems, except that a major portion of the BMP water surface area (in pond 
systems) or bottom (in meadow-type systems) contains wetland vegetation and this system also 
includes wetland channels (NYSDEC, 2001). 

Constructed wetland systems incorporate the natural functions of wetlands to aid in pollutant 
removal from stormwater and also control stormwater quantity by providing a significant volume 
of ponded water above the permanent pool elevation.  However, constructed wetlands treating 
urban runoff differ from artificial wetlands created to comply with mitigation requirements in 
that they do not replicate all of the ecological functions of natural wetlands.  Enhanced designs 
may include a forebay, complex microtopography, and pondscaping with multiple species of 
wetland trees, shrubs, and plants (CASQA, 2003).  Incorporating a sediment forebay or some 
other pretreatment provision into the wetland design allows for the removal of coarse sediments, 
which may otherwise degrade the performance of the system. 

The use of stormwater wetlands is limited by a number of site constraints, including soil types, 
depth to groundwater, contributing drainage area and available land area.  Constructed wetlands 
are especially appropriate where groundwater levels are close to the surface as groundwater can 
supply the necessary water required for sustaining the wetland system.  It has been observed that 
medium-fine texture soils such as loams and silt loams are best to establish vegetation, retain 
surface water, permit groundwater discharge and capture pollutants (Metro Council, 2001). 

Advantages: 
< Flood attenuation, reduction of peak discharges and improvements in downstream water 

quality. 
< Settlement of particulate pollutants, reduction of oxygen-demanding substances and 

bacteria from urban runoff, and biological uptake of pollutants by wetland plant species. 
< Enhancement of vegetation diversity and wildlife habitat in urban areas as well as 
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aesthetic enhancement and valuable addition to community green space.  

Limitations:

< Maintenance of wetland vegetation may be difficult under a variety of flow conditions.

< Pollutant removal efficiencies may be lower than anticipated until the establishment of


wetland vegetation. 
< The release of nutrients in the fall could have an impact on receiving water quality. 
< Wetlands may act as a heat sink and discharge warmer water to downstream water bodies. 

2.2.3 Vegetated Systems (Biofilters) 

Vegetated systems are practices explicitly designed to capture and treat the full WQv within dry 
or wet cells formed by check dams or other means and include systems designed to convey and 
treat either shallow flow (swales) or sheetflow (filter strips) runoff.  These BMPs are commonly 
referred to as "biofilters," since the grasses and vegetation "filter" the stormwater as it flows over 
them (U.S. EPA, 1999b). A certain degree of treatment, storage and infiltration could be 
provided by conveying stormwater runoff in vegetated systems, which helps to reduce the overall 
volume of stormwater runoff generated from a particular drainage area; this makes open channel 
vegetated systems a better alternative to traditional curb-and-gutter and storm sewer conveyance 
systems (CASQA, 2003). While biofiltration swales are vegetated channels that receive directed 
flow and convey storm water, biofiltration strips, also known as vegetated buffer strips, are 
vegetated sections of land over which stormwater flows as overland sheet flow (Caltrans, 2002). 
Pollutants are removed by filtration through the grass, sedimentation, adsorption to soil particles, 
and infiltration through the soil (Field and Sullivan, 2003).  Strips and swales are mainly 
effective at removing debris and solid particles, although some dissolved constituents are 
removed by adsorption onto the soil (Metro Council, 2001).             

2.2.3.1 Grass Swales (Wet, Dry) 

A grassed swale is an infiltration/filtration method that is usually used to provide pretreatment 
before stormwater runoff is discharged to treatment systems.  Grassed swales are typically 
shallow, vegetated, man-made conveyance channels designed so that the bottom elevation is 
above the water table to allow runoff to infiltrate into ground water.  The vegetation or turf 
covering the side slopes and channel bottom collect and slowly convey runoff to downstream 
discharge points (CASQA, 2003).  Swales are designed to treat stormwater runoff through 
filtering by the vegetation in the channel, filtering through a subsoil matrix, and/or infiltration 
into the underlying soils, during which they trap pollutants, promote infiltration, and reduce flow 
velocities. Swales can be either wet or dry; while dry swales are used in areas where standing 
water is not desired, such as residential areas, wet swales can be used where standing water does 
not create a nuisance problem and where the groundwater is close enough to the surface to 
maintain the permanent pool in inter-event periods. The added benefit of wet swales is the 
ability to include in them a range of wetland vegetation to aid in pollutant removal (U.S. EPA, 
1999b). 
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2.2.3.1.1 Dry Swales 

The dry swale is a type of open vegetated channel used to treat and attenuate the WQv of 
stormwater runoff, as well as convey excess stormwater downstream.  The entire WQv of a given 
storm is temporarily held in a pool or series of pools created by permanent checkdams or 
ditchblocks.  This holding time serves to settle pollutants, especially sediments.  Typically 
located in a drainage easement at the back side of a residential lot or along roadsides in place of 
curbs and gutters, dry swales are good options in residential settings, as they discourage 
long-standing water. This makes it possible to mow the area shortly after a rainfall event. 
Stormwater treated by the soil bed flows into an underdrain system that conveys treated 
stormwater back to the storm drain system (Metro Council, 2001). 

Advantages: 
<	 Good option for small-area stormwater retrofits, replacing existing drainage ditches; for 

residential or institutional areas of low to moderate density, and may also be used in 
parking lots to break up impervious areas. 

< Linear nature of the design works well for treating highway or residential road runoff.  

< Rapid de-watering and shallow slopes that are easy to mow.

< Since runoff ponds for only a short time in a dry swale, water temperatures do not


significantly increase, making this an appropriate practice for use in watersheds with 
cold-water trout streams. 

Limitations:   
<	 Individual dry swales can treat only a small area and may not be applicable to sites with 

many driveway culverts or extensive sidewalk systems; roadside dry swales are subject to 
damage from off-street parking and snow removal (Metro Council, 2001). 

<	 Do not appear to be effective in reducing bacteria levels in stormwater, and appear to 
remove only modest amounts of phosphorus, with relatively few studies known to gauge 
their effectiveness. 

2.2.3.1.2 Wet Swale    

The wet swale, also called a grassed open channel, consists of a broad open channel capable of 
temporarily storing water, and unlike the dry swale, does not have an underlying filtering bed. 
The wet swale is constructed directly within existing soils and may or may not intersect the water 
table. Water quality treatment mechanisms rely primarily on settling of suspended solids, 
adsorption, and microbial breakdown of pollutants.  Like the dry swale, the entire water quality 
treatment volume is stored and retained within a series of cells in the channel, formed by berms 
or checkdams.  Wet swales also reduce the velocity of stormwater runoff and may promote 
infiltration (Metro Council, 2001).  A wet swale is a suitable option when the water table is 
located very close to the surface, with the result that swale soils often become fully saturated, or 
have standing water all or part of the year after the channel has been excavated.  Thus a wet 
swale essentially acts as a very long and linear shallow wetland treatment system.  Pollutant 
removal rates in some cases may be enhanced by planting emergent wetland plant species in 

2 - 27




these cells (CASQA, 2003). 

Advantages: 
< Control peak discharges by reducing runoff velocity and promoting infiltration and 

provide effective pretreatment for BMPs in series by trapping, filtering and infiltrating 
pollutants. 

< Convey water in properly protected channels and divert water around potential pollutant 
sources. 

< Provide water quality treatment by sedimentation and biological uptake and enhance 
biological diversity and create beneficial habitat between upland and surface waters. 

Limitations:

< Impractical in areas with very flat grades, steep topography, wet or poorly drained soils.

< Possibility of erosion when flow volumes and/or velocities are high during storm events.

< Area requirements can be excessive for highly developed sites.  

< Roadside wet swales become less feasible with an increase in the number of driveway


entrances requiring culverts. 

2.2.3.2 Vegetative Filter Strips (VFS)  

According to the U.S. EPA (1993a), a vegetative buffer area or strip is defined in many cases as a 
"permanent, maintained strip of planted or indigenous vegetation located between nonpoint 
sources of pollution and receiving water bodies for the purpose of removing or mitigating the 
effects of diffuse source pollutants such as nutrients, pesticides, sediments, and suspended 
solids." These are vegetated strips of land that act as “buffers” by accepting storm runoff as 
overland sheet flow from upstream developments and providing similar treatment potential 
mechanisms to that of swales, prior to discharge of the storm runoff to the storm drainage system 
(Field and Sullivan, 2003).  They may closely resemble many natural ecotones, such as grassy 
meadows or riparian forests, and their dense vegetative cover facilitates sediment attenuation and 
pollutant removal. Vegetative filter strips (VFS) are frequently planted with turf grass; however, 
alternatives that adopt any natural vegetated form such as meadows or small forest may be used. 
Originally used as an agricultural practice, filter strips are now evolving as an urban practice 
(CASQA, 2003). However, VFS, unlike grassed swales, are effective only for overland sheet 
flow and provide little treatment for concentrated flows. Therefore, they are more suitable for 
use in agriculture and low-density development, as well as other situations where runoff tends 
not to be concentrated. VFS are often used as pretreatment for other structural practices, such as 
infiltration basins and infiltration trenches, and land grading and/or a level spreader can be used 
to create a uniformly sloping area that distributes the runoff evenly across the filter strip (U.S. 
EPA, 1993a). They can also be used in combination with riparian buffers in treating sheet flows 
and in stabilizing drainage channel banks and stream banks.  In semi-arid climates, grass filter 
strips may need to be irrigated to maintain a dense stand of vegetation and to prevent export of 
unstabilized soil (Metro Council, 2001). 
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Advantages: 
<	 VFS work well in residential areas, where they provide open space for recreation 

activities, help maintain riparian zones along streams, reduce streambank erosion and 
provide animal habitat. 

< VFS can be useful as sediment filters during construction, which in some cases, may 
require only the preservation of an appropriately located area of existing vegetation.     

< Flow characteristics and vegetation type and density can be closely controlled to 
maximize BMP effectiveness. 

Limitations: 
< VFS cannot treat a very large drainage area and they require a thick vegetative cover to 

ensure proper functioning. 
<	 This BMP does not provide significant attenuation of the increased volume and flow rate 

of runoff during intense rain events and is best implemented as one of a series of 
stormwater BMPs. 

< Vegetative buffers may not provide treatment for dissolved constituents except to the 
extent that flows across the vegetated surface are infiltrated into the soil profile. 

< VFS is not recommended to treat highly contaminated "hotspot" runoff, since infiltration 
could result in groundwater pollution and damage to vegetation.  

2.2.3.3 Bioretention

Bioretention systems are designed to mimic the functions of a natural forest ecosystem for 
treating stormwater runoff. According to one definition, “bioretention systems are a variation of 
a surface sand filter, where the sand filtration media is replaced with a planted soil bed” (U.S. 
EPA, 1999b).  Another approach considers bioretention as a “concept that uses biologic activity 
(plants and microbes) to filter/clean stormwater by being incorporated into different kinds of 
infiltration and filtration BMP designs such as infiltration basins, rainwater gardens and surface 
sand filters” (Metro Council, 2001). This white paper views bioretention as a BMP that 
functions as a soil and plant-based filtration device for stormwater management and removes 
pollutants through a variety of physical, biological and chemical treatment processes.  These 
facilities normally consist of a grass buffer strip, sand bed, ponding area, organic layer or mulch 
layer, planting soil and plants. 

In general, bioretention systems can be described as shallow, landscaped depressions commonly 
located in parking lot islands or within small pockets in residential areas that receive stormwater 
runoff.  Stormwater flows into the bioretention area, ponds on the surface, and gradually 
infiltrates into the soil bed. A number of processes including adsorption, filtration, volatilization, 
ion exchange and decomposition are responsible for pollutant removal (PGDER, 1993).  Filtered 
runoff can either be allowed to infiltrate into the surrounding soil (functioning as an infiltration 
basin or rainwater garden), or collected by an underdrain system and discharged into the storm 
sewer system or directly to receiving waters (functioning like a surface sand filter).  Runoff from 
larger storms is generally diverted past the area to the storm drain system.  The bioretention 
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system has been used as a stormwater BMP since 1992.  In addition to Prince George's County, 
MD and Alexandria, VA, bioretention has been used successfully in urban and suburban areas in 
Montgomery County, MD; Baltimore County, MD; Chesterfield County, VA; Prince William 
County, VA; Smith Mountain Lake State Park, VA; and Cary, NC (CASQA, 2003). 

A bioretention system includes the following components (Metro Council, 2001): 
1. Grass Buffer Strips: Runoff enters the bioretention area as sheet flow through the grass buffer 
strips where the buffers reduce runoff velocity and filter particulates from the runoff. 

2. Ponding Area: The ponding area provides for surface storage of storm runoff before it filters 
through the soil bed. It also allows for the evaporation of ponded water as well as the settling of 
sediments in the runoff. 

3. Organic Mulch Layer: The organic mulch layer protects the soil bed from erosion, retains 
moisture in the plant root zone, provides a medium for biological growth and decomposition of 
organic matter and provides some filtration of pollutants. 

4. Planting Soil Bed: The planting soil bed provides water and nutrients to support plant life in 
the bioretention system. Stormwater filters through the planting soil bed where pollutants are 
removed by filtration, plant uptake, adsorption and biological degradation. 

5. Sand Bed: The sand bed underlies the planting soil bed and allows water to drain from the 
planting soil bed through the sand bed and into the surrounding soil.  It also provides additional 
filtration and allows for aeration of the planting soil bed. 

6. Plants: Plants are important components of the bioretention system, and remove water through 
evapotranspiration and pollutants and nutrients through uptake. The plant species selected are 
designed to replicate a forested ecosystem and to survive stresses such as frequent periods of 
inundation during runoff events and drying during inter-event periods. 

Advantages: 
< Properly designed and maintained bioretention systems are more likely to be aesthetically 

pleasing than other types of filtration or infiltration systems due to the presence of plants. 
< Layout of bioretention facilities can be very flexible, and the selection of plant species 

can provide for a wide variety of landscape designs. 
<	 Ideally suited to highly impervious areas, such as parking lots, and can be applied in 

many different climates and geologic environments, with some minor design 
modifications. 

<	 Reduce the volume of runoff from a drainage area and can be very effective for removing 
fine sediments, trace metals, nutrients, bacteria and organics (U.S. EPA, 1999a). 

Limitations:   

< Bioretention as a BMP is not recommended for areas with slopes greater than 20% or
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where mature tree removal would be required since clogging may result, particularly if 
the facility receives runoff with high sediment loads. 

< Bioretention is not a suitable BMP in locations where the water table is within 6 feet of 
the ground surface and where the surrounding soil stratum is unstable. 

< Susceptible to clogging by sediment; therefore pretreatment is a necessary part of design. 
In cold climates, the soil may freeze, preventing runoff from infiltrating into the planting 
soil. 

< By design, bioretention BMPs have the potential to create very attractive habitats for 
mosquitoes and other vectors because of their highly organic, often heavily vegetated 
areas mixed with shallow water. 

2.2.4 Infiltration Systems 

Infiltration practices have a high potential of controlling stormwater runoff by disposal at a local 
site level.  An infiltration BMP is designed to capture a volume of runoff, retain it and allow it to 
infiltrate into the ground.  There are a number of advantages and disadvantages associated with 
infiltration practices (Schueler, 1987). Advantages include the control of both the quality and 
quantity of stormwater. Water quantity is controlled by controlling surface runoff infiltration 
into the underlying soil. This reduces the volume of water discharged to receiving streams and 
thereby some of the potential impacts caused by excess flows, as well as reducing increased 
pollutant concentrations in the receiving stream. They can be designed to capture a volume of 
stormwater and infiltrate this volume into the ground over a period of several hours or even days, 
thereby maximizing the infiltrating capacity of the BMP.  Secondary benefits include increased 
recharge of underlying aquifers, increasing base flow levels of nearby streams, and water quality 
treatment. Pollutant removal occurs as water percolates through the various soil layers and 
particulates are filtered out in addition to soil microbial degradation of organic pollutants 
contained in the infiltrated stormwater. The disadvantages are just as numerous.  Infiltration may 
not be appropriate in areas where groundwater is a primary source of drinking water due to this 
method’s potential for contaminant migration. This holds true when runoff is from a commercial 
or residential area with a higher potential for metal or organic contamination.  Also, the 
performance is limited in areas with poorly permeable soils, and these BMPs can experience 
reduced infiltrating capacity and clogging due to excessive sediment accumulation.     

2.2.4.1 Infiltration Basins 

Infiltration basins are typically off-line, end-of-pipe BMPs, and are designed to intercept only a 
certain volume of runoff. A flow splitter or weir is usually used to divert runoff from a storm 
sewer system into the infiltration basin.  The basin may or may not be lined with plants. 
However, vegetated infiltration systems help to prevent migration of pollutants, and the roots of 
the vegetation can increase the permeability of the soils, thereby increasing the efficiency of the 
basin. The main purpose of this BMP is to transform a surface water flow into a groundwater 
flow and to remove pollutants through mechanisms such as filtration, adsorption and biological 
conversion as the water percolates through the underlying soils.  Infiltration basins should drain 
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within 72 h to maintain aerobic conditions that favor bacteria that aid in pollutant removal, and to 
ensure that the basin is ready to receive the next storm (Schueler, 1987; U.S. EPA, 1993b). 

Infiltration basins are inappropriate for areas that contribute high concentrations of sediment or 
suspended solids without adequate treatment.  Pretreatment, such as grit chambers, swales with 
check dams, filter strips, or a sedimentation basin should be a fundamental component of any 
BMP system relying on infiltration.  Runoff entering the basin is pretreated to remove coarse 
sediment that may clog the surface soil pores on the basin floor.  Concentrated runoff should 
flow through a sediment trap, or a filter strip may be used for sheet flow. 

Infiltration basins are dry ponds constructed to allow infiltration to occur simultaneously with 
other treatment processes. The operating characteristics of infiltration basins are essentially the 
same as for dry detention ponds (Field and Sullivan, 2003), except a few significant exceptions 
(Clar et al., 2003): 
< Infiltration basins also remove dissolved and colloidal solids in the volume of infiltrated 

water, whereas dry ED ponds can remove only the fraction of colloidal solids sorbed to 
settleable solids. 

<	 The settling velocities of sediment particles and particulate (settleable) chemicals are 
increased by a value equal to the infiltration rate in the basin.  The impact would be more 
for clay (colloidal) sized particles than for silt, sand, and small or large aggregates. 

< Infiltration practices differ from typical dry basins because they contribute to groundwater 
recharge, thereby providing an additional element of performance. 

< By providing volume control, these BMPs can effectively address the increased frequency 
and duration of peak flows and can provide downstream channel protection. 

<	 The mode of operation being infiltration of runoff into subsurface soils, infiltration basins 
are able to preclude the thermal impacts issues associated with detention, ED and wet 
ponds. 

Advantages: 
<	 The principal benefit of infiltration basins is the approximation of pre-development 

hydrology during which a significant portion of the average annual rainfall runoff 
infiltrates and evaporates rather than flushing directly to creeks. 

< Infiltration basins can be useful for controlling channel forming (erosion) and high 
frequency (generally less than the 2-yr) flood events by adequately sizing WQv. 

< Provides groundwater recharge and baseflow in nearby streams, reduces local and 
downstream flooding and protects streambank integrity. 

< Can be very effective for removing fine sediment, trace metals, nutrients, bacteria and 
oxygen-demanding substances. 

Limitations: 
< Potentially high failure rates due to improper siting, design and lack of maintenance, 

especially if pretreatment is not incorporated into the design. 
< Not appropriate for treating significant loads of sediment and other pollutants due to the 
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potential for clogging. 
< Not suitable on fill sites or steep slopes and a risk of groundwater contamination in very 

coarse soils. 

2.2.4.2 Infiltration Trenches 

Infiltration trenches are shallow (3 to 12 ft) excavated ditches that are lined with filter fabric and

filled with stone to create underground reservoirs for stormwater runoff from a specific design

storm. Urban runoff diverted into the trench gradually infiltrates through the bottom and sides of

the trench into the subsoil and eventually into the groundwater over a period of days (Metro

Council, 2001). Infiltration trenches are typically implemented at the ground surface to intercept

overland flows. Runoff can be captured by depressing the trench surface or by placing a berm at

the down gradient side of the trench (Schueler, 1987).  Design variations include dry wells, pits

designed to control small volumes of runoff (such as the runoff from a rooftop), and enhanced

infiltration trenches, which are equipped with extensive pretreatment systems to remove

sediment and oil. Depending on the quality of the runoff, pretreatment will generally be

necessary to lower the failure rate of the trench.  More expensive than pond systems in terms of

cost per unit of runoff treated, infiltration trenches are best suited for drainage areas of less than 5

to 10 acres, or where ponds cannot be applied (Schueler, 1992).


The design storm for an infiltration trench is typically a frequent, small storm such as the 1-yr

event, that provides treatment for the "first flush" of stormwater runoff.  Hence they are

frequently used in combination with other BMPs such as a detention basin to control peak

hydraulic flows. Infiltration trenches provide total peak discharge, runoff volume and water

quality control for all storm events equal to or less than the design storm.  This infiltration

reduces the runoff volume, removes many pollutants and provides stream baseflow and

groundwater recharge (CASQA, 2003). 


Advantages:

< Provides 100% reduction in the load discharged to surface waters.

< The principal benefit of infiltration basins is the approximation of pre-development


hydrology during which a significant portion of the average annual rainfall runoff is 
infiltrated and evaporated rather than flushed directly to creeks. 

< If the WQv is adequately sized, infiltration basins can be useful for providing control of 
channel forming (erosion) and high frequency (generally less than the 2-yr) flood events. 

< As an underground BMP, trenches are unobtrusive and have little impact on site 
aesthetics. 

Limitations:

< High failure rate if soil and subsurface conditions are unsuitable.

< Unsuitable on fill sites or steep slopes and a risk of groundwater contamination in very


coarse soils. 
< Upstream drainage area must be completely stabilized before construction.   
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2.2.4.3 Porous Pavement 

Porous pavement is an infiltration system in which stormwater runoff infiltrates into the ground 
through a permeable layer of pavement or other stabilized permeable surface.  The permeable 
surface can include porous asphalt, porous concrete, modular perforated concrete block, cobble 
pavers with porous joints, gaps or reinforced/stabilized turf (Florida DER, 1988).  Concrete grid 
pavement consists of concrete blocks with regularly inter-dispersed void areas with pervious 
materials, such as gravel, sand, or grass.  The blocks are typically placed on a sand or gravel base 
and designed to provide a load-bearing surface that is adequate to support vehicles, while 
allowing infiltration of surface water into the underlying soil.  Porous pavement provides an 
alternative to conventional pavement and reduces much of the need for urban runoff drainage 
conveyance and treatment offsite.  Instead, runoff is diverted through a porous asphalt layer into 
an underground stone reservoir before gradually exfiltrating out of the stone reservoir into the 
subsoil (Field and Sullivan, 2003). Porous pavements tend to clog with fine sediments and need 
to be subjected to periodic vacuum-type street sweeping (WA DOE, 1991).  Modular pavers, 
grassed parking areas, and permeable pavements may also be employed to reduce runoff volumes 
and trap vehicle-generated pollutants (U.S. EPA, 1993a); however, care should be taken when 
selecting such alternatives. The potential for groundwater contamination, compaction, or 
clogging due to sedimentation should be evaluated during the selection process.  These practices 
should be selected only in cases where proper operation and maintenance can be guaranteed due 
to high failure rates without proper upkeep. 

There has been mixed observations on the performance of porous pavement systems.  The 
performance of porous asphalt has been historically very poor in the mid-Atlantic region. 
However, many of these failures can be attributed to lack of proper erosion and sediment controls 
during construction or lack of contractor experience with installation of porous pavement 
systems. Yet, studies on porous concrete systems in use in Florida show that they have 
performed very well (U.S. EPA, 1999b). 

Advantages: 
< When properly designed and maintained, porous pavement systems can be an effective 

means of managing stormwater runoff, and particularly useful for overflow parking areas 
that are not used on a daily basis. 

< Especially useful for driveways and streets and in residential areas, and in commercial 
parking lots. 

Limitations: 
< Not effective in areas that receive runoff with high amounts of sediments due to the 

tendency of the pores to clog. 
< Require maintenance, including periodic vacuuming or jet-washing to remove sediment 

from the pores. 
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2.2.5 Filtration Systems 

A filtration system is a device that uses a combination of a granular filtration  media such as 
sand, gravel, organic material (e.g., peat, compost), membrane, or other acceptable treatment 
media to remove pollutants in stormwater runoff.  Sand filters are a self-contained bed of sand to 
which the first flush of runoff is diverted. The runoff percolates through the sand, where 
colloidal and particulate materials are strained out by the cake of solids that forms, or is placed 
on the surface of the media. Water leaving the filter is collected in underground pipes and 
returned to the stream or channel.  A layer of peat, limestone, and/or topsoil may be added to 
improve removal efficiency (CASQA, 2003).  Detention time is typically 4 to 6 hs in a filter, and 
sediment-trapping structures are typically used to prevent premature clogging of the filter media 
(NVPDC and ESI, 1992). Filtration systems are primarily water quality control BMPs designed 
to remove particulate pollutants in stormwater; quantity control can also be included by 
providing additional storage volume in a pond or basin, or vertical storage volume above the 
filter bed, or by allowing water to temporarily pond in parking lots or other areas before being 
discharged to the filter. Sand filters have been demonstrated to be effective in removing many of 
the common pollutants found in urban stormwater runoff, especially the particulate pollutants. 
While they seem to have a moderate level of bacterial removal, they have not been effective at 
removing total dissolved solids and nitrate-nitrogen (Metro Council, 2001). Media filters can be 
successfully employed for stormwater management in (i) small sites such as parking lots and 
developments; (ii) areas with high pollution potential such as industrial areas; or, (iii) highly 
urbanized areas, where land availability or costs preclude the use of other BMP types (U.S. EPA, 
1999b). Filters should be placed off-line, (i.e., the water quality volume is diverted to the BMP, 
while any flows in excess of this volume are bypassed) and are sometimes designed to intercept 
and treat only the first flush and bypass larger storm flows (CASQA, 2003). 

Commonly used types of filters include: (i) surface sand filters such as the "Austin" sand filter; 
and (ii) underground vault filters such as the "DC" sand filter and the "Delaware" sand filter. 
Design variations of these basic types exist in addition to several proprietary filtering systems; 
some use specialized filter media made from materials such as leaf compost (Metro Council, 
2001). This is in addition to a number of variations in the types of filtration media used 
described earlier. These designs may also incorporate additional features such as a layer of filter 
cloth or a plastic screen, gravel layer, peat layer, compost layer, layer of peat or a peat/sand 
mixture. 

2.2.5.1 Surface Sand Filter 

The surface sand filter was initially developed in Florida in 1981 for sites that could not infiltrate 
runoff or were too small for effective use of detention systems, with further development of filter 
technology by the city of Austin, Texas.  A surface sand filter consists of a pretreatment basin, 
water storage reservoir, flow spreader, sand and underdrain piping.  A basin liner may also be 
needed if the treated runoff is not to be allowed to infiltrate into the soil underlying the filtration 
basin because of groundwater concerns.  This system usually incorporates two basins:  The first 
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is a sedimentation basin, dry or wet, where runoff enters and is removed of coarse particulates by 
gravity settling.  Water then flows over a weir or through a riser into the filter basin, which 
consists of sand with a gravel and perforated pipe underdrain system to capture the treated water. 
The surface of the filter bed may be planted with grass.  Additional storage volume is provided 
above the filter bed to increase the volume of water that can be temporarily ponded in the system 
prior to infiltration. This two basin configuration helps to limit premature clogging of the filter 
bed due to excessive sediment loading. There are several variations of this design, Austin uses 
two variations, partial, and full sedimentation filtration systems (City of Austin, 1988). 

2.2.5.2 Underground Vault Sand Filter 

An underground filter is similar to a surface filter except that the sand (or other media) and 
underdrains are installed below grade in a vault.  The underground vault sand filter was 
developed by the District of Columbia in the 1980s.  Its design incorporates three chambers.  The 
first chamber and the throat of the second contain a permanent pool of water and function as a 
sedimentation chamber and an oil and grease and floatables trap, besides providing temporary 
runoff storage. The two chambers are connected by a submerged opening or inverted elbow near 
the bottom of the dividing wall, which provides a water seal that prevents the transfer of oil and 
floatables to the second chamber containing the filter bed.  During a storm event, water flows 
through the opening into the second chamber and onto the filter bed.  Additional runoff storage 
volume is provided above the filter bed. Filtered water is collected by a gravel and perforated 
pipe underdrain system and flows into the third chamber, which contains a clearwell and is 
connected to the storm drain system.  Overflow protection can be provided by placing the filter 
off-line or by providing a weir at the top of the wall connecting the filter chamber with the 
clearwell chamber to serve as an overflow.  The schematic of an underground vault sand filter is 
presented in Chapter 3 (Figure 3-11). 

2.2.5.3 Perimeter Filter 

A perimeter filter is an underground vault sand filter, and is referred to as a perimeter sand filter 
because of its particular suitability for use around the perimeters of parking lots.  This system, 
developed in Delaware, and also known as the "Delaware Sand Filter", contains two chambers 
and a clear well. Stormwater enters the first chamber, which serves as a sedimentation chamber. 
Water then flows over a series of weirs and into the second chamber, which contains the filter 
media. Additional storage volume is provided by water temporarily ponding in both chambers. 
Filtered water is collected by a series of gravel and perforated pipe underdrains, and flows into a 
clearwell that contains a connection to the storm drain system. 

2.2.5.4 Others   

In addition to the three basic filtering systems, in DC, Austin, Delaware, there are a number of 
variations in use. A compound stormwater filtering system developed by the city of Alexandria, 
VA incorporates an anoxic filtration zone in a permanently flooded gravel layer in the filter. 
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This anoxic zone aids in nitrogen removal by anoxic denitrification.  Another configuration uses 
an upflow anaerobic filter upstream of the sand filter to enhance phosphorus removal by 
precipitating more iron on the sand filter. Yet another type employs organic materials such as 
peat or compost combined with sand or other materials. Filters that use an organic filtration 
media, such as peat or leaf compost, are useful in areas where additional nutrient or metal control 
is desirable due to the adsorptive capacity, its non-exchange capability, and its ability to serve as 
a medium for the growth of a variety of microorganisms.  However, peat must be carefully 
selected (fibric and/or hemic, not sapric, peat should be used) and the environmental concerns 
regarding destroying peat bogs to obtain filtration media need to be addressed when other 
technologies are available (Schueler, 1987; VA DCR, 1999).    

Advantages: 
<	 Media filters can be used in high density urban sites with small drainage areas that are 

completely impervious such as parking lots.  They can be applicable to many areas that 
are difficult to retrofit due to space limitations and used in sites where soil or 
groundwater concerns do no support an infiltration BMP. 

< Applicable in small drainage areas of 1 to 10 acres; take up little space and can be used 
on highly developed and steeply sloped sites. 

< Provide high removal efficiencies for total suspended solids (TSS). 

Limitations:

< Pretreatment required to prevent the filter media from clogging.

< Not applicable in areas of high water tables and should not be used in areas where heavy


sediment loads are expected or in tributary areas that are not fully stabilized.      

2.2.6 Technology Options and Others 

This group of BMPs includes a variety of proprietary and miscellaneous systems that are used for 
urban stormwater management and that do not seem to fall exclusively under any of the above-
mentioned categories. These include water quality inlets, hydrodynamic devices, filtration 
devices, etc. Many of these systems are "drop-in" systems, and incorporate some combination of 
filter media, hydrodynamic sediment removal, oil and grease removal, or screening to remove 
pollutants from stormwater.  There are also quite a number of proprietary devices in this 
category, but this white paper does not focus on vendor-supplied systems and other proprietary 
devices due to the lack of peer reviewed performance data for these systems. 

2.2.6.1 Water Quality Inlets 

Water Quality Inlets (WQI), also commonly called trapping catchbasins, oil/grit separators or 
oil/water separators, consist of one or more chambers that promote sedimentation of coarse 
materials and separation of free oil, as opposed to emulsified or dissolved oil, from stormwater. 
Some WQIs also contain screens to help retain larger or floating debris, and many of the newer 
designs also include a coalescing unit that helps promote oil/water separation.  A typical WQI 
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consists of a sedimentation chamber, an oil separation chamber and a discharge chamber (U.S. 
EPA, 1999a; Metro Council, 2001). 

WQIs are underground retention systems designed to remove settleable solids, and there are 
several design variations. The simplest form of design is a single-chambered urban runoff inlet 
in which the bottom has been lowered to provide 2 to 4 ft of additional space between the outlet 
pipe and the structure bottom for collection of sediment. Some WQIs include a second chamber 
with a sand filter to provide additional removal of finer suspended solids by filtration; the first 
chamber provides effective removal of coarse particles and helps prevent premature clogging of 
the filter media. Other WQIs include an oil/grit separator.  A typical oil/grit separator consists of 
three chambers: The first chamber removes coarse material and debris; the second chamber 
provides separation of oil, grease, and gasoline; and the third chamber provides safety relief 
should blockage occur (NVPDC and ESI, 1992).  WQIs typically capture the first portion of 
runoff for treatment and are generally used for pretreatment before discharging to other BMPs 
(Schueler et al., 1992). 

Advantages: 
< WQIs can effectively trap trash, debris, oil and grease, and other floatables that would 

otherwise be discharged to surface waters. 
< A properly designed and maintained WQI can serve as an effective BMP for reducing 

hydrocarbon contamination and spills in receiving water sediments. 
<	 WQIs are generally recommended for drainage areas of 1 acre or less and are effective for 

industrial hotspots that have the potential for petroleum-contaminated process washdown, 
spills, and stormwater runoff. 

Limitations: 
<	 WQIs have limited ability to separate dissolved or emulsified oil from runoff and are also 

not very effective at removing nutrients and heavy metals, except where the metals 
removal is directly associated with sediment removal.   

<	 High sediment loads can interfere with the ability of the WQI to effectively separate oil 
and grease from the runoff and during high flow conditions, sediment residuals may be 
resuspended and released from the WQI to surface waters. 

< WQIs generally provide limited hydraulic and residuals storage as a result of which they 
do not provide substantial stormwater improvement. 

< Standing water in the devices can be a breeding ground for mosquitoes and other vectors, 
and lack of maintenance often results in resuspension of settled pollutants. 

2.2.6.2 Multi Chambered Treatment Train (MCTT) 

A multiple treatment system uses two or more BMPs in series and the MCTT is an example of a 
stormwater device that utilizes a combination of processes, especially pretreatment of stormwater 
using sedimentation, followed by media filtration (Field and Sullivan, 2003).  The MCTT was 
developed during an U.S. EPA-sponsored research program on treatability of stormwater at 
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critical source areas, and areas designated as stormwater hotspots; typical locations include gas 
stations, junkyards, bus barns, public works yards, car washes, oil change facilities, transmission 
repair shops, auto repair facilities, fast-food restaurants, convenience stores etc., and other areas 
where stormwater has a high probability of high concentrations of oils and other toxic organic 
pollutants that are difficult to treat by other means (Pitt et al., 1999). The MCTT contains 
aeration, sedimentation, sorption and sand-peat filtration, and is most suitable for use at relatively 
small and isolated paved critical source areas (0.25 to 2.5 acre), where surface land is not 
available for stormwater controls (Field and Sullivan, 2003). The MCTT consists of three 
chambers: 
< a catchbasin or grit chamber for the removal of large particles and litter (screening), 
< a settling chamber for quiescent settling of fine settleable solids, and 
< a sand-peat moss "filter" for final polishing (removal of dissolved pollutants). 

The collected runoff is first treated in a catchbasin chamber where larger particles are removed 
by settling. The water then flows into a main settling chamber containing oil sorbent material 
where it undergoes a much longer treatment period (24 to 72 h) to remove finer particles and 
associated pollutants. The final chamber contains a mixed media filter material comprising equal 
amounts of sand and peat. This chamber acts as a polishing "filter" to remove some of the 
filterable toxicants from runoff by other processes, such as ion exchange and sorption.  The 
MCTT was designed to remove pollutants of a specific class of concern in stormwater: 
particulates as small as a few µm and associated particulate bound toxicants, plus filterable 
toxicants. Pilot and full scale test results showed substantial reductions in both particulate and 
dissolved phases of stormwater toxicants as well as suspended solids. While substantial 
reductions are observed in the concentration of pollutants and suspended solids in the main 
settling chamber as well as the peat-sand chamber, the catchbasin/grit chamber did not provide 
any significant improvements in water quality, although it is an important element in reducing 
maintenance problems by trapping bulk material (GVSDD, 1999).  Additional information on the 
performance data of MCTTs is provided in (Pitt et al., 1999; Field and Sullivan, 2003). 

Advantages: 
<	 The MCTT is capable of reducing a broad range of stormwater pollutants in particulate 

fractions (as small as a few µm) and filterable fractions that cause substantial receiving 
water problems. 

<	 Although unit construction cost appears to be expensive (construction costs estimated at 
$15,000 to $30,000 per 0.1 ha drainage area plus 11 to 13% of construction costs for 
operation and maintenance per yr (GVSDD, 1999), with right planning and 
implementation, the MCTT has a high potential for cost-effective use as an integrated 
component in watershed management programs designed to protect and enhance 
receiving waters. 

<	 They can be used in areas where site conditions prevent the use of other BMPs such as 
infiltration, wet ponds and wetlands and in space-limited areas because of the 
underground design. 

<	 Relatively few concerns associated with aesthetics and safety. 
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Limitations:

< The MCTT is designed for contaminant removal only and provides no significant


attenuation of peak flows or runoff volumes. 
< Lack of maintenance and undersized separators for the flows encountered. 
< Scouring of previously captured material is commonly observed. 

2.2.6.3 Vortex Separators and Continuous Deflective Systems

Several solid/liquid separators use circular flow patterns to create inertial flow separation.  One 
general classification of these devices includes swirl and vortex separators that have been in use 
for over 30 years to control combined sewer overflows (CSOs).  Vortex separators, or swirl 
concentrators, are gravity separators, and in principle are essentially wet vaults.  The difference 
between them and wet vaults, however, is that vortex separators are round rather than 
rectangular, and water moves in them in a centrifugal fashion rather than a straight line before 
exiting. By this approach, it is possible to obtain significant removal of suspended sediments and 
attached pollutants with less space (U.S. EPA, 1977; Field et al., 1997). These systems were 
originally developed to treat CSOs for the removal of coarse inorganic solids.  They are 
increasingly being used to control pollution from stormwater discharge (Konieek et al., 1996; 
Field et al., 1997; CASQA, 2003) by reducing solids concentration in urban runoff (Lee et al., 
2003). 

Hydrodynamic vortex separation is a proven technology with an established track record for 
improving urban water quality (including CSOs, stormwater and wastewater) (Andoh and Saul, 
2002). Hydrodynamic vortex separators are characterized by tangential flows into a cylindrical 
vessel, which in turn creates a complex rotary regime and provides three main functions: flow 
regulation, settleable solids concentration and the capture of floatables (U.S. EPA, 1977; Field et 
al., 1997). Stormwater enters the vortex tangentially through an entry port approximately 
halfway up the chamber wall so that it creates a swirling vortex flow pattern.  The first flow field 
allows the solids to settle out by gravity; the second vortex that is generated in the skirt causes 
settleable solids to be concentrated at the bottom. The different configurations that have been 
developed are differentiated by the nature and type of internal flow modifying components and 
the location of inlets and outlets.  The advantages of the vortex (or swirl) concentrator are that it 
includes no moving parts or external power requirement and has a high hydraulic loading, which 
results in compact size and low operational cost (Field and O'Connor, 1996).  The successful 
application of swirl and vortex technologies in a stormwater treatment system depends on the 
following factors: 
< consistent and appropriate flow measurement, wastewater sampling and characterization 

protocols, 
< appropriate data management technique, especially the calculation efficiency, 
< an understanding of swirl/vortex mechanisms, with realistic performance expectations, 

and 
< appropriate application or placement in the treatment system (Field et al., 1997). 
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Continuous Deflective Separator (CDS) appears to have similar features to the vortex separator,

but the CDS design introduces a filtration mechanism for solids separation. The filtration

mechanism, when combined with circular flow action and particle sedimentation, increases

removal rates beyond vortex separators during times of high flows (Schwarz and Wells, 1999). 

The CDS unit works by deflecting the inflow and associated pollutants away from the main flow

stream into a separation chamber. The chamber has a sump at the bottom and a screen in the

upper section.  The screen acts to remove the gross pollutants allowing the filtered water to pass

through to a return system, while the floatable solids are kept in continuous motion on the water

surface by incoming flow in the chamber, thus keeping the solids in the chamber from blocking

the screen.  With the heavy solids settling to the bottom of the sump, the CDS unit acts as a

continuous cleaning unit, since the solids do not become imbedded in the filter screen as in a

direct screening situation (Schwarz and Wells, 1999). The CDS mechanism is one of the new

methods for removing suspended solids from surface runoff, and studies show that screen sizing

has a significant influence on the sediment trapping efficiency of the CDS unit (Wong et al.,

1996).


Advantages:

< May provide the desired performance in less space and less cost compared to other


BMPs. 
< May be more cost-effective pre-treatment devices than traditional wet or dry basins. 
< Mosquito control may be less of an issue than with traditional wet basins. 

Limitations:

< It is likely that vortex separators are not as effective as wet vaults at removing fine


sediments, on the order <50 to 100 µm in diameter. 
< Area served is limited by the capacity of the largest models. 
< The non-steady flows of stormwater decrease the efficiency of vortex separators from 

what may be estimated or determined from testing under constant flow. 
< Do not remove dissolved pollutants; a loss of dissolved pollutants may occur as 

accumulated organic matter decomposes in the units.    

2.3 REMOVAL PROCESSES OCCURRING IN STRUCTURAL BMPS 

The high population of pollutant sources in urbanized areas contributes large quantities of 
pollutants that accumulate on streets, rooftops and other surfaces.  During rainfall or snowmelt, 
these pollutants are mobilized and transported into the storm drain system, where they are 
conveyed and ultimately discharged to waterways.  BMPs are implemented to remove these 
pollutants from runoff in order to reduce the impacts to receiving waters.  A wide range of 
pollutants in urban runoff can be removed by properly designed, constructed and maintained 
structural BMPs through a number of physical and biochemical processes.  The U.S. EPA 
identifies 115 organic compounds and 14 metals as "priority pollutants" in stormwater  streams 
that can be removed by six main processes (Scholze et al., 1993): 
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< adsorption on suspended solids followed by particle sedimentation or filtration,

< adsorption on an absorbing medium such as peat or other organic material,

< volatilization (common during aeration processes),

< photodegradation via photolysis,

< biodegradation (aerobic and anaerobic)/biological nitrification/de-nitrification, and  

< phytoremediation/bioassimilation/biological uptake.


One or more of these treatment processes may occur in the treatment BMP systems to remove the

pollutants of concern in stormwater runoff (Table 2-3). 


Table 2-3. Pollutant Removal Mechanisms in Common Urban Stormwater BMPs 

Mechanism Pollutants Affected Promoted by 

Sedimentation Solids, BOD, pathogens, 
COD (chemical oxygen 
demand), P, N, metals 

Low turbulence 

Filtration Solids, BOD, pathogens, 
COD, P, N, metals 

Fine, dense herbaceous plants 

Sorption Dissolved P, metals, synthetic 
organics 

High soil Al, Fe; high soil 
organics, circum-neutral pH 

Oxidation COD, petroleum 
hydrocarbons, synthetic 
organics 

Aerobic conditions 

Volatilization volatile petroleum 
hydrocarbons and synthetic 
organics 

High temperature and air 
movement 

Precipitation Dissolved P, metals High alkalinity 

Biological Nitrification NH3 - N Dissolved oxygen > 2.0 
mg/L, low toxics, temp. > 5-7 
C, circum-neutral pH 

Microbial Decomposition BOD, COD, petroleum 
hydrocarbons, synthetic 
organics 

High plant surface area and 
soil organics 

Phytoremediation aromatics, chlorinated 
aliphatics, hydrocarbons, 
nutrients 

rhizosphere microbial 
degradation, plant-produced 
enzymes 

(Horner, 1995) 
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2.3.1 Sedimentation 

Sedimentation is the removal of suspended particulates from the water column by gravitational 
settling.  This can be a major mechanism of pollutant removal, particularly soil particles and TSS 
in BMPs such as ponds and constructed wetlands. The settling of discrete particles is dependent 
upon particle size and settling velocity; fluid density; fluid viscosity; particle diameter and shape; 
turbulence or short-circuiting; peak flowthrough rate; and volume of water (Stahre and Urbonas, 
1990). Pollutants such as metals, hydrocarbons, nutrients and oxygen demanding substances can 
become adsorbed or attached to particulate matter, particularly clay soils; removal of stormwater 
particulates by sedimentation helps remove a large portion of pollutants associated with 
particulates from the water column. Stormwater BMPs that utilize settling are usually suited for 
dual purposes; that is, they can also provide storage volume for peak rate control, channel erosion 
and/or flood control (VA DCR, 1999). 

The main factor governing the efficiency of a BMP at removing suspended matter by 
sedimentation is the time available for particles to undergo settling.  Numerous research 
investigations show that significant settling of urban pollutants occurs in the first 6 to 12 h of 
detention, and fine particulates such as clay and silt require detention times of days or even 
weeks to settle out of suspension (Clar et al., 2003). Evaluating the settling characteristics of the 
particulates in runoff becomes a prerequisite to designing a BMP in order to determine the 
detention time necessary for adequate settling to occur.  Settling of particulates is also dependent 
upon the initial concentration of suspended solids (SS) in the runoff; runoff with higher initial 
concentrations of SS will have a greater removal efficiency. 

The ability of pollutants to settle is directly influenced by particle size.  Smaller particles take 
longer to settle, and conversely, the larger the particle, the faster is its settling velocity.  However, 
particle size is not the only factor governing settling ability.  The settling ability also depends on 
the difference between the density of the fluid suspending the particle and the density of the 
particle. Large, dense particles such as sand will fall through fluid at a faster rate than smaller, 
less dense particles, such as clay.  The volume of particles suspended within the fluid also 
governs the settling rate. The more particles are suspended within the fluid, the faster the rate of 
settling, but at some point the rate of settling will bottom out (Clar et al., 2003). 

Turbulence, eddies, multilayered flows, circulation currents, and diffusion at inlets and outlets 
affect the settling ability of particles as each of these factors can resuspend particles into the 
water column.  A decrease in flowthrough rate and surface loading improves sedimentation with 
the most significant difference observed for larger particles.  Actual field conditions must take 
into account the particle settling velocity and surface loading rates during runoff conditions as 
sediment removal under these conditions varies with storm intensity.  The size of the body of 
water relative to stormwater runoff will also determine the settling ability of sediment.  The 
larger the stormwater loading rate, the lower the removal of sediment by settling.  Settling also 
occurs after stormwater is trapped and ponded between storms.  Because the intervals between 
storm events occur randomly, understanding the effective ratio of storage volume to mean runoff 
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rate and the ratio of sediment volume removed to mean runoff rate is essential to predicting long-
term averages (Clar et al., 2003). 

The most widely used stormwater management practices that employ sedimentation are retention 
and detention structures such as ponds and constructed wetlands.  These can be designed to 
effectively remove sediment from stormwater.  Stormwater management basins with a permanent 
pool of water have a removal percentage of total suspended solids of about 50 to 90% 
(MWCOG, 1983; OWML, 1983; Dorman et al., 1989; City of Austin, 1990). Extended 
detention ponds have a similar percentage of removal (MWCOG, 1983; City of Austin, 1988; 
City of Austin, 1990). However, detention ponds may have a lower sediment removal efficiency 
over the long-term than retention ponds, as seen from a few investigations (Clar et al., 2003). 
This is because of the resuspension of sediments deposited on the detention pond bed from 
previous storm events, during a new storm event. 

Sedimentation removes particulates and other dissolved materials adsorbed to settleable particles 
in a structural BMP, yet, the removal rate by settling of pollutants other than sediment particles is 
inconclusive. One of the reasons for this confusion is a lack of understanding regarding the 
specific process(es) in a BMP responsible for removing the pollutant(s) of concern.  In retention 
ponds, for example, processes such as settling, biological uptake, volatilization, infiltration to 
groundwater, and adsorption occur simultaneously.  While nitrogen, phosphorus, and bacteria 
may be removed to some extent by adsorption to larger particulates, this is not expected to be a 
primary mechanism for their treatment.  Metals, however, are present in particulate and dissolved 
form and some metal species are removed by coagulation and sedimentation. 

2.3.2 Filtration    

Filtration is typically limited to BMPs that address water quality and involves the removal of 
particulates by passing stormwater through a porous medium to strain the pollutants out of 
stormwater.  Commonly used media in stormwater BMPs include soil, sand, gravel, peat, 
compost and various combinations such as peat/sand, soil/sand and sand/gravel.  Existing media 
filtration practices commonly use trenches filled with sand or peat.  Since the stormwater must 
pass through the filter media in order to be treated, these structures are limited to small drainage 
area (less than 5 acres) and low flow rates.  A drawback to these structures is the overflow or 
bypass of large flows from high intensity storms.  Filtration is a complex process that depends on 
a number of variables, including particle shape and size, void size in filter media, and velocity of 
the fluid moving through the media. Solids and associated pollutants such as metals and 
nutrients could be removed by filtration.  Organic filtration media such as peat or leaf compost 
are also effective in removing soluble nutrients from urban runoff (Metro Council, 2001). 

Typically, stormwater filters remove particulates and adsorbed pollutants, such as sediment, 
organic carbon, phosphorus, and many trace metals.  Particulate pollutants are either trapped by 
cation/anion exchange or are prevented from moving beyond the filter.  However, in some cases, 
the filtration process can increase the pollutant level of stormwater.  The majority of N species 
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associated with particulate matter are organic nitrogen compounds.  Filters that inadvertently 
become anaerobic may cause nitrification of these species, and can release ammonia and nitrate 
into stormwater (Clark et al., 2001). Once the treatment volume is achieved during a given 
storm, the excess runoff bypasses the filter and remains untreated.  Filtration of infiltrated flow to 
remove sediments is more complicated, consisting of interception, straining, flocculation and 
sedimentation as the water percolates through the granular subsurface (Cammermayer et al., 
2000). The process is augmented as clay particles are adsorbed to positively charged organic 
matter, which can enhance settling in surface flows and improve retention in the subsurface. 
However, in vegetated stormwater channels, the sorption mass rate is quite low relative to 
sedimentation rates. 

2.3.3 Sorption 

The clay and organic matter in soil hold a negative charge.  The ability of soil organic matter to 
hold cations such as calcium and aluminum represent the soil's cation exchange capacity.  This 
process is most readily used to remove pollutants from stormwater.  Organic matter such as peat 
or leaf matter in the filter media uses its cation exchange capacity to bind pollutants to the filter. 
The treatment of all runoff through filter media and biofilters, such as the bioretention cell (Clar 
and Green, 1993) are other examples of cation exchange processes.  The media traps particulates 
(through filtration), adsorbs organic chemicals, and removes up to 90% of solids, 85% of oil and 
grease, and 82 to 98% of heavy metals (through cation exchange from leaf decomposition). 
While adsorption is not a common mechanism used in stormwater BMPs, it can still occur in 
infiltration systems where the underlying soils contain appreciable amounts of clay; in organic 
filters; or in wetland systems. Dissolved metals that are contained in stormwater runoff can be 
bound to the clay particles as stormwater runoff percolates through clay soils in infiltration 
systems. 

The extent to which a given metal is adsorbed is affected by a number of factors, including 
competitive effects of other ionic metals; the presence of iron and manganese oxides and organic 
carbon; and, especially, pH (Clar et al., 2003). Treatment trains that include adsorptive media 
may provide effective treatment for dissolved metals.  Such media include compost, granulated 
activated carbon, or diatomaceous earth, all of which work on a cation exchange principle. 

2.3.4 Phytoremediation 

Plants are able to degrade (break down) organic pollutants through their metabolic processes, and 
the use of aquatic plants to treat wastewater, and the use of wetlands to treat farming effluent and 
mining runoff is well known (Yu and Nawang, 1993).  Phytoremediation is an umbrella term that 
covers many different plant-based approaches for cleaning up contaminated environments, and 
refers to the use of plants to degrade, sequester and stabilize organic and metal pollutants in 
stormwater (U.S. EPA, 1998b). In simple terms, this means rendering pollutants harmless by 
using green plants to remove them from the environment.  More recently, the bacterial activity 
associated with the roots of grasses and other plants has been explored for its organic degradation 
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potential (enhanced rhizosphere phytodegradation).  The efficiency of phytoremediation may

vary depending on the depth of soil and the type and species of pollutants in water that are most

available for plant uptake (U.S. EPA, 2001b).


Phytoremediation is a recent technology with immense development potential.  The positive

effects of plants can be both direct and indirect, and include:

< increased microbial degradation in the rhizosphere, including co-metabolism,

< uptake and accumulation in roots and foliage,

< degradation in the plant,

< volatilization of the compounds, and

< plant-produced enzymes which degrade pollutants (Rasmussen and Olsen, 2004).


Phytoremediation can involve any of the following approaches.  Phytoextraction uses the ability

of plants to take up and remove contaminants from soil and water and accumulate them in plant

tissues, which may then be harvested and removed from the site.  The use of plants and (or) their

associated microbes to volatilize contaminants (volatile organic compounds, i.e., solvents, and

recently, inorganics such as Hg, Se, etc.) from soil or water is known as phytovolatilization.  In

this process, plants take up water containing organic contaminants and release the contaminants

or the breakdown products into the air through their leaves.  Se volatilization appears to be a

significant pathway of Se removal from contaminated sites (Terry, 2001b).  Although

transferring contaminants to the atmosphere may not achieve the goal of complete remediation,

phytovolatilization may still be desirable in that it reduces prolonged soil exposure and the

associated risk of groundwater contamination; another advantage is that there is no hazardous

waste generation that warrants proper disposal measures as may be the case in phytoextraction. 

Phytodetoxification involves the ability of plants to change the chemical species of the

contaminant to a less toxic form.  Research shows the ability of plants to take up toxic Cr(VI)

species and convert it into the non toxic trivalent Cr(III).  Phytostabilization uses plants to

immobilize contaminants chemically and physically at the site, thereby preventing their

movement to surrounding areas (Terry, 2001a).


Phytotransformation, also referred to as phytodegradation, is the breakdown of organic

contaminants sequestered by plants via (i) metabolic processes within the plant, or (ii) the effect

of compounds, such as the enzymes deoxygenase and halogenase, which are produced by the

plant. The organic contaminants are degraded into simpler compounds that are integrated with

plant tissue, which in turn, foster plant growth.  Remediation of a site by phytotransformation is

dependent on the direct uptake of contaminants from the media and accumulation in the

vegetation. Certain enzymes produced by plants are able to breakdown and convert chlorinated

solvents (e.g., trichloroethylene), ammunition wastes, and herbicides.  This technology can also

be used to remove contaminants from petrochemical sites and storage areas, fuel spills, landfill

leachates, and agricultural chemicals.  Successful implementation of this technology requires that

the transformed compounds that accumulate within the plant be non toxic or significantly less

toxic than the parent compounds. Phytotransformation may also be used in concert with other

remediation technologies or as a polishing treatment.  For example, a combination of
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phytoremediation using orchard grass and a soil/sand filter material can efficiently treat creosote-
contaminated groundwater (Rasmussen and Olsen, 2004). 

The direct uptake of chemicals into plant tissue via the root system is dependent on uptake 
efficiency, transpiration rate, and concentration of the chemical in soil water.  Uptake efficiency 
depends on chemical speciation, physical/chemical properties, and plant characteristics, whereas 
transpiration rate depends on plant type, leaf area, nutrients, soil moisture, temperature, wind 
conditions, and relative humidity.  Two processes of remediation can occur after the organic 
compound has been translocated by the plant: (i) storage of the chemical and its fragments into 
the plant via lignification, and (ii) complete conversion to carbon dioxide and water.  These 
techniques have been successfully employed to treat and remove the following contaminants in 
the environment: aromatics (BTEX); chlorinated aliphatics (TCE); herbicides (atrazine, 

­alachlor); hydrocarbons (TPH); nutrients (NO3 , NH4 
+, PO4 

3-) (U.S. EPA, 1998b). 

2.3.5 Biological Processes 

Biological processes are one of the most effective types of removal mechanisms for soluble 
pollutants such as nutrients in stormwater runoff and an important mechanism of nutrient control 
in stormwater BMPs (VA DCR, 1999). Vegetated lands help prevent erosion and remove 
contaminants from surface runoff in a process known as bioassimilation.  It also helps to slow 
down the runoff, giving it more time to infiltrate into the soil. A combination of shallow 
permanent pool depths and abundant vegetation help to create conditions that allow a natural 
food chain to develop; marsh plants, algae and microorganisms that grow on the shallow organic 
rich sediments take up soluble forms of nutrients needed for their growth.  Periodic harvesting of 
this vegetation allows for permanent removal of these nutrients.  BMPs suited for this pollutant 
removal mechanism include enhanced ED as well as retention ponds, constructed stormwater 
wetlands, and in some cases bioretention.  Some wetland plants not only assimilate 
contaminants; wetland plants such as cattails have been shown to assimilate, and in some cases, 
transform pathogenic bacteria and metals (1994).  The use of submerged aquatic vegetation as 
the dominant vegetation in treatment wetlands in south Florida results in a higher P removal 
performance than wetlands dominated by rooted, emergent plants, with the newly accreted 
sediment being the likely, long-term sink for this P (Knight et al., 2003). Macrophytes reduce 
flow velocity, increase sedimentation and retention by deposition in running waters and 
contribute to total monthly phosphorus retention (up to 25%) by increasing deposition of 
particulate organic matter (Schulz et al., 2003). 

Many stormwater BMPs utilize a combination of these pollutant removal mechanisms.  In some 
cases, development of an organic layer occurs within a BMP that has been in operation for a 
period of time, thereby increasing the adsorption potential of the BMP.  BMPs that include plants 
and grasses also display increased pollutant removal efficiency over time as the biomass 
increases. This increase in biomass slows the velocity of the runoff through the BMP and allows 
for increased gravitational settling and filtering of pollutants, as well as decreased export of 
sediment and attached pollutants via erosion (VA DCR, 1999). 
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2.4 PERFORMANCE OF STRUCTURAL BMPS 

The pollutant removal capability of a BMP is primarily governed by three inter-related factors: 
the removal mechanisms used; the fraction of the annual runoff volume that is effectively treated; 
and, the nature of the urban pollutant being removed.  The nature of the pollutant being removed 
often sets an upper limit on the potential removal rate that can be achieved.  While particulate 
pollutants such as sediment and lead are relatively easier to remove by common BMP removal 
mechanisms including settling and filtering, it is not the case with soluble pollutants such as 
nitrate, phosphates and some trace metals.  The above-mentioned removal mechanisms have little 
or no effect and require the additional use of biological methods such as uptake by bacteria, 
algae, rooted aquatic plants or terrestrial vegetation.  Most BMPs can achieve an extremely high 
removal rate for suspended sediment and trace metals that exist largely in particulate forms. 
However, removal rates that are much lower are generally obtained for total phosphorus, 
oxygen-demanding materials, and total nitrogen, since they typically exist in both particulate and 
soluble forms.  Tables 2-4 summarizes the processes governing pollutant removal in commonly 
used structural BMPs. 

Table 2-4. Processes Governing Pollutant Removal in Commonly Used Structural BMPs 

Pollutant 
Constituents 

Structural BMP Type and Process Mechanisms 

Pond Wetland Biofilters Infiltration Sand Filter 

Heavy metals Sorption 
Settling 

Sorption 
Settling 
Phyto­
remediation 

Sorption 
Filtration 

Sorption 
Filtration 
Phyto­
remediation 
Settling 

Sorption 
Filtration 

Toxic Organics Sorption 
Bio­
degradation 
Settling 
Phyto­
volatilization 

Sorption 
Bio­
degradation 
Settling 
Phyto­
volatilization 

Sorption 
Filtration 

Sorption 
Filtration 
Settling 
Phyto­
volatilization 

Sorption 
Filtration 

Nutrients Bio-
assimilation 

Bio-
assimilation 
Phyto­
remediation 

Sorption Sorption 
Bio-
assimilation 
Phyto­
remediation 

Sorption 
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Solids Settling Sorption 
Settling 

Sorption 
Filtration 

Sorption 
Filtration 
Settling 

Filtration 

Oil & Grease Sorption 
Settling 

Sorption 
Settling 

Sorption Sorption 
Settling 

Sorption 

BOD5 Bio­
degradation 

Bio­
degradation 

Bio­
degradatio 
n 

Bio­
degradation 

Bio­
degradation 

Pathogens Settling 
UV 
irradiation 

UV 
irradiation* 
(sunlight) 
Sedimentation 
Aggregation 
Oxidation 
Antibiosis 

Filtration Filtration 
Settling 

Filtration 
Predation 

(Scholze et al., 1993) *(Davies and Bavor, 2000) 

The efficiency of a given BMP in removing pollutants is dependent upon a number of 
site-specific variables: (i) size, type and design of the BMP; (ii) soil type and characteristics; (iii) 
geology and topography of the site; (iv) intensity and duration of rainfall; (v) length of antecedent 
dry periods; (vi) climatological factors such as temperature, solar radiation, and wind; (vii) size 
and characteristics of the contributing watershed; and, (viii) properties and characteristics of the 
various pollutants (U.S. EPA, 1999b). Urban stormwater BMP performance is affected by 
various factors as shown in Table 2-5. 

Table 2-5. Factors affecting the Performance of Structural BMPs 

Design Characteristics Detention time 
Storage volume 
Shape of BMP (length : width ratio of 
detention pond, slope, flow path 
characteristics, buffer width) 
Pond surface area relative to contributing 
catchment area 
Type of substrate/sediment 
Auxiliary devices (e.g., baffles, sediment 
forebay) 
Presence of vegetation 
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Processes 

Environmental Conditions 

Sedimentation 
Filtration 
Adsorption 
Volatilization 
Oxidation 
Precipitation 
Biological nitrification 
Microbial decomposition 
Phytoremediation 

Storm intensity, loading rate 
Drainage basin land cover 
Physical-chemical properties of BMP surface 
water 
Particle size distribution and settling velocity 
Pre-storm water quality in BMP 
Thermal stratification 

(Law and Band, 1998) 

2.4.1 Suspended Solids, Nutrients, and Heavy Metals, and BMP Performance 

BMPs are primarily designed to remove TSS and pollutants sorbed to particles, with gravitational 
settling being the predominant process for pollutant removal (Schueler et al., 1992). The ability 
to treat TSS is a function of particle size distribution, storm intensity, loading rate, and geometry 
and age of BMP facility.  An increase in TSS concentration observed with increased storm 
intensity could be due to larger size fractions of TSS, that result in a greater removal efficiency 
(Ferrara and Witkowski, 1983). Pond geometry also influences the sedimentation rate in that the 
finer particles do not settle out when the length-to-width ratio is insufficient; in detention ponds 
draining a commercial complex, observations of sediment sorting showed coarsest particles 
settling nearest the inlet (Marsalek et al., 1997). The effectiveness of sedimentation is further 
limited by the available storage volume and hydraulic loading rate of runoff to the BMP.  BMP 
performance is adversely affected under the following conditions: 
< if the runoff volume is greater than the storage volume of the BMP, 
< short-circuiting within the pond if sediment is allowed to accumulate and consequently 

reduce storage volume (U.S. EPA, 1993b), and 
< age of the BMP. 

In order to improve stormwater quality when the water is polluted with excessive nutrient levels, 
BMP facilities are designed to provide sedimentation for particle-phase nutrients and biological 
uptake for soluble nutrients (Martin, 1988). Wet detention ponds and constructed wetlands act as 
a sink, source or transformer of nutrients. However, the performance of BMPs for 
nutrient-enriched stormwater is unpredictable. This could be due to the complex nature of 
nutrient speciation, which is affected by seasonality, detention time, organic matter content, 
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oxygen availability and plant biomass.  The most effective phosphorus removal mechanisms are 
adsorption, complexation, precipitation reactions with Al, Fe, Ca and clay particles, and by peat 
accretion. Pond conditions amenable to nitrification-denitrification processes are most effective 
for nitrogen removal. Similar to TSS, removal efficiencies of nutrients in BMPs are affected by 
particle size, quality of the substrate and age of the treatment facility.  BMP performance is 
highly variable for nutrients compared to other constituents with regard to both particulate and 
dissolved phases, as well as different species of nutrients (Tanner et al., 1997). Also, the soluble 
phase of nutrients may not be effectively treated in a wet detention basin.  Studies on wet 
detention facilities show no clear relationship between particle size distribution and storm 
intensity to explain the variability of reduction for all particle size classes for total Kjeldahl 
nitrogen (TKN) and total phosphorus (TP). The net export of pollutants may be attributed to the 
large proportion of pollutants associated with the soluble size fraction of solids (i.e., < 1µm) 
(Law and Band, 1998). 

BMPs generally contribute to the reduction of total heavy metal pollutants from urban 
stormwater. Overall, studies report a moderate to high removal efficiency for wet detention 
basins, constructed wetlands, and combined pond-wetland systems (Schueler et al., 1992). It is 
assumed that pollutants in urban stormwater are largely sorbed to suspended sediments and 
therefore sedimentation is considered to be the predominant removal mechanism for heavy 
metals. The concentration of heavy metals in sediments indicates the improvement that BMPs 
have on stormwater quality (Marsalek et al., 1997). Despite the strong ability of particulates and 
organic matter to sequester heavy metals, TSS are not good surrogates for other pollutants (Law 
and Band, 1998). This however, counters a design principle for BMPs which assumes that an 
80% removal of TSS will control other pollutants, including heavy metals (U.S. EPA, 1993b). 
Illustrating the presence of heavy metals in urban runoff in the dissolved phase implies a low 
reliance on sedimentation to remove heavy metals from the water column.  Adverse effects 
induced by sediment contamination may counter the benefits derived from improved water 
quality. The solubility of heavy metals is affected by cation-exchange capacity, sensitivity to pH 
and Eh, which in turn affects the ability of sediments to sequester heavy metals from the water 
column.  Heavy metal mobilization from sediments can be enhanced due to intermittent flooding, 
which produces alternating periods of aerobic and anaerobic conditions.  Also, the change in the 
oxidized state of an environment can alter the speciation of metals, and hence their 
bioavailability. 
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