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Introduction

The purpose of this information item is to provide background on the wide variety of stormwater runoff treatment measures that are currently available for inclusion in new development and significant redevelopment.  These are the types of treatment measures that are the subject of the Santa Clara Municipal Stormwater Permit Amendment, which we will bring to you for consideration on the October 17 agenda.

Stormwater pollutants can be categorized in three broad classes of coarse debris and litter, fine particulates, and soluble pollutants.  In general, the treatment measures use the basic physical mechanisms of filtration, and settling to remove pollutants that are solids.  Soluble pollutants, those which are dissolved in the water, can be removed by adsorption on soil, vegetation or other media, and can be rendered non-toxic by bacterial uptake.  Stormwater runoff treatment measures fall generally into two broad categories based on how they are built.  There are the landscape based measures, such as detention ponds and vegetated swales, that can be integrated into existing landscape requirements of new developments.  Also, particularly where space is tight, treatment measures can take the form of either pre-manufactured or built-in-place structures that  are added into the piped storm drain system, usually under the pavement grade.  These treatment measures often are more mechanical in nature.  We sometimes refer to these as “boxes in the ground,” since most are constructed for use in below-grade vaults, and can be placed under pavement.  

No matter which treatment measures are implemented, all measures require appropriate operation and maintenance in order to effectively remove pollutants.  In general, the landscape based measures may require less maintenance overall, other than typical landscape maintenance, and the more mechanical treatment measures are often very maintenance dependent, and may not function or function very poorly without frequent maintenance.

Storm Water Treatment Controls


Storm water treatment controls are built measures that remove pollutants from urban runoff, and include landscape-based controls and underground, or “box-in-ground” controls.  They can be divided by primary mechanism of storm water treatment, as shown in the below table.

	Primary mechanism of treatment
	Type of control

	Filtration
	Vegetated swales, vegetated filter strips, and sand filters

	Infiltration
	Porous pavement, infiltration basins & trenches

	Detention
	Extended detention ponds, wet ponds, constructed wetlands, and microdetention facilities.

	Box-in-ground:  Media filter
	Storm drain inlet filters, vault-based media filters

	Box-in-ground: Mechanical Separation
	Swirl separators; oil-water separators.


Table 1.  Examples of storm water treatment controls.


Which control or controls are appropriate for a particular project?  The answer depends on project design features such as:  the size of the project site and total amount of runoff; availability of landscaping; steepness of the project site; type of land use and expected pollutant load; and similar factors.  The following is a discussion of what these treatment controls are, how they work, and examples of where they can be implemented.  

While controls and their performance are discussed individually, it is worth noting that for some sites, implementation of multiple controls in a “treatment train”—where runoff flows first through one control prior to reaching the next—has the potential to achieve higher pollutant removal rates than the reliance on a single type of control.  In addition, use of a treatment train may be desirable to reduce overall required maintenance.  For instance, some of the controls that remove debris and larger particulates can be placed ahead of controls that would be plugged by this material.

Landscape-based Treatment Controls


Landscape-based treatment controls are built controls that can be included in a project’s landscaping or constructed as regional facilities to treat runoff from a broader area.  They include those practices described in Table 1.  

Filtration Controls


Filtration-based controls include vegetated swales, vegetated filter strips, and sand filters.  They rely primarily on the filtering action of their vegetation or filter media (e.g., sand) to remove pollutants from runoff as it flows through or across them.  They can incorporate other pollutant removal mechanisms, such as infiltration, and bacterial decomposition of dissolved pollutants.
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Figure 1.  Generalized pollutant removal rates for vegetated swales.  3 = high removal; 2 = moderate removal; 1 = low removal.  TSS = Total Suspended Solids; TP = Total Phosphorus; TN = Total Nitrogen.


When appropriately designed and maintained, controls like vegetated swales can achieve moderate to high levels of pollutant removal for a number of urban runoff pollutants, as shown in Figure 1.  Sediment drops out as it filters through swale or filter strip vegetation.  A portion of the pollutant load in runoff, including oil and grease and heavy metals, bonds to sediment particles, and is removed as sediment is controlled.  Swale and filter strip pollutant removal increases where the control is located on relatively more pervious soils that allow some infiltration, and as water spends more time flowing through or across the control—which means flow is spending a greater amount of time flowing through the vegetated filter.  While there are many studies on swale performance, the tests completed and installation descriptions mean that the studies are not all directly comparable.  This complicates exact determinations of swale pollutant removal.

For controls like swales and filter strips, maintenance may be as simple as regularly mowing the control as a part of regular landscape maintenance.  For sand filters, sediment may clog the topmost layer, requiring occasional replacement of some of the filter’s sand.  Vegetated bioretention facilities have been successfully implemented in the State of Maryland.  These are essentially vegetated sand filters that use the plants and their roots to prevent clogging, and which are designed to reduce the maintenance burden for that type of control.

Vegetated swales are relatively compact, and can be implemented in a variety of project types.  Their linear nature is well-suited to implementation in parking lots, behind buildings, along streets and highways, and in similar situations.  Similarly, sand filters may be constructed in relatively constrained situations.  Vegetated filter strips, which are sloped areas of vegetated land across which runoff can flow, require more space and may be better suited to lower-density land uses, such as roads with development on one side, parking lots within parks, and similar situations.
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Figure 2.  Vegetated swale taking office building parking lot runoff in Palo Alto.  Here, the typical raised and curbed landscaping island has been lowered slightly below grade so that water will flow into it, with at-grade curbs to protect the edge of the asphalt pavement.  Picture taken in 2001, 4 years after completion of swale and building.  Runoff flows from the parking lot and is filtered by the dense turf before flowing into a storm drain drop inlet at the center of the swale.  Picture by EOA, Inc.

Infiltration-based Treatment Controls


Infiltration-based approaches include infiltration basins and trenches and porous pavement.  These controls can be constructed on a very small scale, such as for a single-family home, or on a relatively more regional scale, serving, for example, a strip mall or broad residential area.  As their name implies, they can be constructed both as landscape-based controls, or underground.  For example, installations in the Lake Tahoe Basin and in the State of Georgia have been successfully completed below strip mall parking lots and adjacent to houses and other built structures.  Also, small-scale infiltration can be incorporated into other types of landscape-based controls, for example by installing a subdrain in the ground below the bottom of a basin or swale.  This can achieve some of the benefits of infiltration even in areas of tight soils.


Opportunities to implement infiltration-based controls can be substantially limited in areas of tight, clayey soils with low percolation rates, and in areas where, because of a very shallow groundwater table, very coarse-grained soils, or other factors, they represent a threat to ground water quality.  A number of Bay Area water districts have large infiltration basins that they use to infiltrate water into the ground for drinking water use.  However, because of soil and ground water basin limitations, infiltration practices to treat storm water, at least on a large scale, are expected to have limited potential for implementation in many parts of the Bay Area.
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Figure 3.  Pervious pavement parking lot at Dominican University in River Forest, Illinois.  Parking lot is paved with GravelPave, a load-bearing plastic lattice that is then filled with pea gravel.
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Figure 4.  Bird’s-eye view close-up of Dominican University parking lot, prior to final application of gravel.  Plastic lattice is visible as gray circles.  White objects are quarters.


Infiltration controls, which use the soil to filter runoff, show some of the highest pollutant removal performance of any of the treatment controls, typically achieving pollutant removal rates of 60%--or substantially more—for total suspended solids, nutrients, and heavy metals.  In addition, they can be designed to help reduce hydromodification impacts, including maintaining groundwater recharge—which helps to maintain creek baseflow, and minimizing the increases in erosive flows that typically occur when a site is developed.

Maintenance of infiltration controls typically consists of removing sediment that may clog them.  For some controls, required maintenance can be extensive.  However, many treatment control types, including vegetated swales, filter strips, detention basins, wet ponds, and constructed wetlands, utilize infiltration as one of their pollutant removal mechanisms.  Where that mechanism can be optimized—for example, by installing a subdrain below a vegetated swale—the ability of that treatment control to remove pollutants can also be increased.

Detention-based Treatment Controls


Detention-based treatment controls include:

· Extended detention ponds;

· Wet ponds;

· Constructed wetlands;

· Microdetention facilities; and,

· Dual-purpose flood management/water quality ponds.

They are practices that store stormwater runoff for a period of time, usually in a vegetated or landscaped basin, prior to discharge to a downstream creek or storm drain.  With the exception of microdetention, detention-based controls are typically implemented on a larger scale, such as for watersheds of at least several acres in size or on a regional basis.

Microdetention facilities are small areas of detention—for example, small low spots in the landscape—that are scattered throughout a project and which help to maintain the site’s ability to moderate runoff volumes and velocities and provide some treatment for runoff.  They have been implemented in Maryland as small landscaped areas in single-family housing projects, and elsewhere in parking lot and cul-de-sac islands.


Controls like detention ponds and constructed wetlands can achieve moderate to high levels of removal some pollutants, as shown in figure 5.  In general, wet ponds and constructed wetlands, when appropriately designed, have higher pollutant removal rates for urban runoff pollutants than dry ponds.  In some instances, extended detention ponds can be net exporters of nutrients; however, with appropriate designs to capture sediment and maximize filtration of water, all of these controls can provide water quality benefits.




Figure 5.  Generalized pollutant removal rates for wet ponds. 3 = high removal; 2 = moderate removal; 1 = low removal.  TSS = Total suspended solids; TP = Total phosphorus; TN = Total nitrogen; BOD = Biological oxygen demand.
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Figure 6.  Detention basin constructed by Allegro Homes in the City of San Jose.  Note fence to minimize potential safety hazard presented by basin.  Picture by EOA, Inc.


Maintenance of these controls typically includes periodic removal of accumulated sediment to maintain total storage capacity, periodic maintenance of vegetation, periodic unclogging of outlet structures, and implementation of any necessary vector control measures beyond those included in the control’s design (e.g., stocking with mosquito fish or other measures).  In general, once construction has been completed, urban watersheds are low generators of sediment, so that sediment removal must be completed on an “every 10 years” or longer timeframe.


Detention-based controls have been included in a variety of Bay Area projects that are built, under construction, or expected to shortly be under construction.  They have often been included in large single-family residential projects, where standard subdivision designs tend to preclude construction of other BMPs, and have also been constructed for strip malls, high-tech office parks, and as regional treatment facilities.  Extended detention ponds can be implemented as multi-use facilities, and have been constructed as overflow parking lots, parks, and, playing fields.  

“Box-in-Ground” Controls


“Box-in-ground” treatment controls are those measures, typically manufactured, which can be installed in a project’s traditional storm drain infrastructure or installed below-grade.  They are often used on sites where space is at a premium and there is limited or no landscaping, or a site’s steepness or shape preclude utilization of other controls.  These types of controls include those listed in table 1.

Media Filter-based Treatment Controls


Media filter-based controls, as their name suggests, filter storm water runoff through a treatment medium.  They include drop inlet filters, which filter runoff through a tray of medium that 
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Figure 7.  Looking down at a storm drain inlet filter in office complex parking lot, 1997 (drop inlet grate has been removed and set aside at left).  The filter media is contained in the square tray around the edge of the drop inlet.  This filter has clogged with leaves, sediment, and litter, and runoff is discharging down the high flow bypass in the center.

is placed in a storm drain inlet, and vault-based media filters, such as one that places filter media in cartridges.


When appropriately designed and maintained, some media-based controls may be able to achieve substantial pollutant removal.  However, there are also significant barriers to this.  These barriers include limited treatment time by the filter media and the need for frequent maintenance to avoid clogging or blockage of the treatment flow path.  Also, there is little real-world pollutant removal data for storm drain inlet filters.  Some data suggests that vault-based media filters may function much better over time, with less frequent maintenance.  They are presently being studied by Caltrans in Southern California, and more data on the performance of vault-based media filters is expected over the coming year.


For storm drain inlet filters, maintenance includes periodic replacement of the filter media and regular inspection of the filter to ensure that it has not clogged.  Anecdotal experience suggests that for inlet filters, clogging can be a significant problem and that the maintenance required to remove clogging materials, such as dirt and leaves, can be frequent.  Given their below-grade location, it has been easy to lose track of such filters, rendering them useless over the long term.

Mechanical Separation-based Treatment Controls


Mechanical separation-based treatment controls are devices that remove a portion of urban runoff pollutants—typically trash and larger sediment particles—through swirl separation, settling, or other means.  They can also be fitted with oil-absorbent pillows or other materials to improve their ability to remove hydrocarbons.
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Figure 8.  Looking down into a swirl separator in South San Francisco.  Stormwater flows into the separator from the right, and swirls around the circular central grate, dropping out sediment into a sump, below.  High flows overtop the inflow weir and bypass, preventing resuspension of removed pollutants.


When appropriately designed and maintained, many mechanical separators can achieve high removal rates for trash and large particulates.  However, they typically do not remove the smaller sediment particles in stormwater or dissolved pollutants, which together comprise a substantial portion of the pollutant load in storm water.  Thus, they may be particularly useful in a treatment train, as pre-treatment controls to remove sediment, or in areas where trash is a problem, such as Oakland’s Lake Merritt, which is presently listed on the 303(d) list as impaired for floatables (i.e., trash).   Some separators, such as some oil-water separators, were originally designed for industrial uses and much higher concentrations of oil, and function poorly to remove the comparatively lower concentrations of oil and grease found in urban runoff.


Like all treatment controls, in-ground controls must be maintained.  Typically, this is accomplished by using a vactor to remove accumulated sediment and pollutants.  Controls should be periodically inspected to ensure that they are being maintained at an appropriate frequency.

Conclusion

Stormwater treatment measures, both landscape based, and the more mechanical “box in ground” type, are effective for pollutant removal, if properly designed and maintained.  Some widely-used treatment measures have limited effectiveness, particularly if not adequately maintained.  New treatment concepts and technologies and improvements on existing treatment measures are being introduced annually, and a large body of literature on treatment measure design and effectiveness exists.
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