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In urbanized areas, the greater the amount of impervious surfaces, such as roads, driveways,
parking lots and buildings, and the amount of human activity will tend to accumulate greater
contaminants or potential pollutants. However, these pollutants may be channeled directly into storm
sewer systems. In less built-up areas, permeable surfaces act to filter out pollutants. Some pollutants
may reach surface and ground waters through infiltration. The fate of and magnitude of pollutants
found in highway runoff are site specific and are affected by the volume of traffic, design of the
roadway, surrounding land use, climate and accidental spills. Traffic volume would seem to be an
important factor for predicting runoff quality. Prior to storm events, roadways with average daily traffic
(ADT) greater than 30,000 vehicles may produce runoff with two to five times the runoff pollutant
levels found in that from rural highways. However, this highway runoff may not directly impact
receiving streams. This is true for both ADT and the number of vehicles during a storm. Naturally
occurring surface winds and vehicular caused turbulence remove significant amounts of particulate
matter and other pollutants from road surfaces. These wind effects, therefore, lessen the impact
traffic volumes has on runoff loadings to streams.

A stronger correlation of potential runoff impacts exists with storm characteristics. Storm events can
be characterized by the number of dry days preceding the storm event, the intensity of the storm and
the elapsed time of the total storm event. Of these three characteristics, storm intensity is the most
critical, since many of the pollutants attach themselves to particulate matter (or sediment). The more
intense the storm, the greater the movement of particulate matter. Pollutants showing a strong
correlation with particulates include heavy metals, organic compounds, total organic carbon and
bacteria. Long duration storms typically lower pollutant concentrations due to increased stormwater
volumes. However, the overall loading of ollutants (total mass transported) is generally greater with
these storms than with smaller but more intense storms. In general both types of storms, have higher
concentrations of pollutants that are contained in the initial stages of runoff. This loading effect is
often referred to as the “first flush”. Highway surface types (asphalt or concrete) seem to have
minimal effect on the runoff quality. Several studies have suggested that the land uses surrounding
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the highway facility have a far greater impact on the characteristics of the stormwater runoff from
highway surfaces. Furthermore, the type of stormwater collection systems associated with a highway
(i.e., storm sewer, grassy swale, etc.) plays a significant role in stormwater runoff quality and its
impact on receiving streams.

Table 2 - Typical Pollutants Found in Runoff from Roads and Highways* (5)

POLLUTANT

SOURCE

Particulates

Pavement wear, vehicles, the atmosphere and maintenance activities, snow/ice
abrasiveness and sediment disturbance

Rubber

Tire wear

Asbestos

Clutch and brake lining wear (No mineral asbestos has been identified in runoff,
however, some break-down products of asbestos have been measured)

Nitrogen and

Atmosphere, roadside fertilizer application and sediments

Phosphorus

Lead Leaded gasoline from auto exhaust, tire wear, lubricating oil and grease, bearing
wear and atmospheric fallout

Zinc Tire wear, motor oil and grease

Iron Auto body rust, steel highway structures such as bridges and guardrails and
moving engine parts

Copper Metal plating, bearing and bushing wear, moving engine parts, brake lining wear,
fungicides and insecticides

Cadmium Tire wear and insecticide application

Chromium Metal plating, moving engine parts and brake lining wear

Nickel Diesel fuel and gasoline, lubricating oil, metal plating, bushing wear, brake lining

wear and asphalt paving
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Motor vehicles generate runoff pollutants through emission and deposition of automobile exhaust and
through discharges of both fluids and solid particles while traveling and braking. In a study of traffic-
generated particulates in Cincinnati (where the average daily traffic load is 150,000 vehicles),
Sansalone and Buchberger (1997) found that of the 13,500 mg of particulates per square meter of
road surface generated per day, 44 to 49 percent originated from pavement wear, 28 to 31 percent
from tire wear, and 15 percent from engine and brake pad wear. The study also found that 6 percent
of particulates were deposited from settleable exhaust and 3 percent from atmospheric deposition.
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A study by Shepp (1996) examined generation of petroleum hydrocarbons in urban runoff from four
land uses: all-day parking lots, streets, gas stations, and convenience stores. Shepp found that
convenience stores had the highest hydrocarbon concentration (see Figure 7.1). Evaluation of the
land uses and their respective catchment areas suggested that the degree of automotive exposure (a
combination of duration of exposure to vehicles with engines running and volume of traffic) is the
primary factor in the generation of petroleum hydrocarbons in runoff from automotive-intensive land
uses.
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Roads tend to accumulate particulate matter from roadsides, salting and sanding, dirty cars, brake
pad dust, aerial deposition, and surface deterioration.

They found that accumulation of particulate matter was significantly greater along the downslope of
the highway than along the upslope and that particle size distributions (PSDs) along the downslope
were consistently coarser across the entire size gradation than the upslope and pavement PSDs
(Sansalone and Tribouillard, 1999). Solids in the 2 to 8 um range generated the largest counts and
were rapidly washed from the pavement in a “first flush” effect (Sansalone et al.,, 1998). Lateral
pavement sheet flow rate and duration controlled the yield and size of transported solids; particle
transport was mass-limited during extended, high-intensity events, but was flow-limited during
intermittent, low-intensity events with high traffic (Sansalone et al., 1998).
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These particles, when transported in runoff to receiving waters, contribute to high levels of total
suspended solids and turbidity and act as carriers for pollutants that adhere to their surfaces.
Because of this adsorption phenomenon, surface area can be an important determinant in pollutant
loading from highways. A relationship exists between particle size and surface area.
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Because total surface area is predominantly associated with the coarser fraction, heavy metal mass
(adhered to particle surfaces) is also strongly associated with this fraction (Cristina et al., 2000).
Cumulative analyses for lead, copper, cadmium, and zinc in snow residuals indicated that more than
50 percent of these heavy metals (by mass) was associated with particles greater than 250 ym, and
more than 80 percent was associated with particles greater than 50 ym (Sansalone and Glenn,
unpublished).
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The partitioning of heavy metals between the particulate-bound and dissolved fractions raises
important questions for watershed managers regarding storm water treatment. It was previously
thought that metals were associated with particulates and that removing sediment and reducing
turbidity would address these pollutants. However, new research indicates that event mean
concentrations of dissolved zinc, cadmium, and copper can exceed surface water quality discharge
standards and can exhibit a “first flush” effect that cannot be mitigated by settling. In addition, the
dissolved nature of these metals makes them highly mobile and bioavailable.
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Table 7.1: Primary sources of highway runoff pollutants (Adapted from NCHRP, 1999)

Pollutants Primary Source

Particulates Pavement wear and vehicle maintenance

Lead, cadmium, copper Tire wear, lubricating oil and grease, bearing
wear

Nitrogen, phosphorus Roadside fertilizer application

Chromium, copper, nickel, cadmium Metal plating, moving engine parts, brake lining
wear

Chloride, sulfates Deicing salts

PCBs, pesticides PCB catalyst in synthetic tires, spraying highway
rights-of-way

Cyanide Anti-cake compound used to keep deicing salt
granular

Petroleum, ethylene glycol Spills and leaks of motor lubricants, antifreeze,
hydraulic fluids
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Runoff from the construction, operation, and maintenance of highways and bridges can adversely
affect vegetation, surface waters, and wetlands with a variety of pollutants, including sediments,
heavy metals, hydrocarbons, and toxic substances. Runoff issues associated with construction of
highways and bridges are addressed in Management Measure 8—Construction Site Erosion,
Sediment, and Chemical Control. Although the runoff constituents and concentration levels vary with
highway type and location, the sources of highway runoff pollutants fall into three basic categories:
vehicle traffic, snowmelt and ice-melt containing deicing chemicals, and chemicals used to manage
roadside vegetation.
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The specific impacts of highway and bridge runoff on aquatic ecosystems are both site-specific and
runoff event-specific. In general, highway pollutants can affect water quality through either acute
toxicity or gradual accumulation. Potential adverse environmental effects associated with specific
constituents include the following:

Suspended solids increase turbidity, transport other pollutants adhered to particle surfaces, and
reduce runoff storage capacity in ponds and lakes.

Heavy metals are toxic to many aquatic organisms and can bioaccumulate in fish tissues, thus
posing potential health risks to humans.
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Nutrients degrade water quality by stimulating the growth of algae and aquatic weeds. Rapid
increases in these populations can then deplete oxygen levels to the extent that fish and other
aerobic organisms die off.

Biochemical oxygen demand (BOD) reduces dissolved oxygen levels as a result of the biological
processes that break down organic constituents in runoff.

PAHSs include compounds such as benzo(a)pyrene that are found in petroleum products and are
carcinogenic. These compounds can pose risks to human health if drinking water or fish become
contaminated with them. PAHs in streams and lakes usually do not pose a health risk for people
because they tend to adhere to sediment particles rather than dissolve in water. As a result, the risk
of drinking water degradation is low (Van Metre et al., 2000). Aquatic invertebrates were impacted in
the previously identified study from Austin, Texas (Hayward et al., 2002).
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A research team at Oregon State University, under the National Cooperative Highway Research
Program (NCHRP, 2000) identified potentially mobile constituents from highway construction and
repair materials and measured their potential impact on surface and ground waters. The materials
tested were conventional, recycled, and waste materials; and excluded constituents originating from
construction processes, vehicle operation, maintenance operations, and atmospheric deposition (8).
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A number of potentially toxic substances are associated with highway runoff with polycyclic aromatic
hydrocarbons (PAHs) responsible for much of observed toxicity. Both petrogenic and pyrogenic
PAHSs are found in this runoff with sources including asphalt road surfaces, tire wear, oil leaks and
vehicle exhaust.

PAHs concentrations in highway runoff can be a high as 4 Ig/L In addition to PAHSs, there are other
potentially toxic compounds found in road runoff, including nitroaromatics and a number of metals

(9).
2w 'y 1

5%-> 1, ninnn m 78 N7N7Nn 25%-> ,N1901MuKx7? nTRNN 78w owan m nimodn 70%-> :a1-nwa on!
.0"7M1N '¥NY 78 NODOXII NVWN 19 7V NPT

D'?'90N K7W Yijrn 19 7V D' NINAVXN W' N71ITa DWA NDIO "INKX 71 .NN90INUKYT7 DTRNN DWAN ' 2N
.(6) o'¥Nyar 0'7n1a oMIT 19X D' .7NTNYT IR DITRNNY

D'Y'1ON 7V DWAN 12N D' DIN'T

1"NINQ .YRDNN 0'90WIN D'ANTANN NXRXIND DINNN M DIN'T 7W 1207 NIYTINN N71Y 071Y2 Nd YIXa
INZINRD 0NART WAINY NUIT 7Y LIV'Y [7N7 .0W 190N DT DR AYYYDL YT NIYTINN

D |"¥n N"ITN .0MN NNIEA 7Y 0MP'vn DI MR TNR? 09910 (NN ) D'YRd] DI D'RYA N
NI 0'7'w 01D 0NNINENITAD DDA NIZNN 'R 0pT*N 07N 0mn

D1I3'0 DA DRI DM ,DTX7 .0'7'WA DININ 7w NI7ITA NI 07'oN DAY YT |1>'07 DAY 0'71>' omn

NIDNX NIMIRNAN DR7UAN D "0 N"ITD 0NN "M 78 N0 DA™ NIfNd Y 7IN7NNn ARXIND ,NH0 DINX
.0MN™ 210 NN NY70N NANYN 7 NNYOWN 'Nn 1N X7,[2 11D .NNN2A 'K 17X 0NN 7Y NHon

11



DINNN ' DIN'T :YWUNN - 6 wnd

N 1217 770 NPO0oNN DINN A NIT'R Y DN NNt L 9RY DXIN WD 79 YoRYe o, ['yn UKD TR
190X',(721 'N) YN 9 7V 0'NITA DMWYA 'Y D'YYIN DRA7NTNIEN2A0N N'YY 07O [T Wi 7 Nt nwn
> 01YIV D'NNIN .22 *7O1 NIVT9IN NITAD NIPNA 21,YRA01 0NAVXYAN D777 D'INY DINNN ' NARNY DT

.DIN'T M 7w NN DTN WOKRY N717Y DINNN 'R Ny yinn

DN 'V UK TR WRON IR DN0NI7'p nnd 7w yopa 7WoIn ,78W' NXIN U NNaN 7¥ N'DInn 194
NI7YN NIXPA LTI NI7YN 12Y7 T WDION 7V 1NA0X'Y DIN'T 7w DWT D770 NARYIE 9I0'R W DTN
VY271 D0 X ,0ARN NNPNY7 DNYWOKX NN D 113 .0'7N17 DM INTIF [Nl DIN'T 0'2'9N0 0'AYA M NAR' 7170
M NX INAT Y'Y, DNNITAN DN NND DR 7007 7010 X7 1ARNN NDIY KIN WWND . 1NN DN 1DI9* X7

.(7) oinnn

D'Y) 7¥ M210 Mn D'aTth N0 npnn 4.2

(10) onapnnn a0

:010'0] D"INAIN 190N 7y DYWL N A1 7Y NIp'OY Dan 0npnn
LY HERS
R/

[n'o %
apw/arnn/aptnn/Amr'u/nany S

R/

NIdBTINN

L)

5.2.2 Management Measure Selection

5.2.3 General Categories of Urban Runoff Control

Structural practices to control urban runoff rely on several basic mechanisms:
% Infiltration

« Filtration

+ Detention/retention

X/

*%+ Evaporation
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5.2.3.1 Infiltration practices
Infiltration facilities are designed to capture a treatment volume of runoff and percolate it through
surface soils into the ground water system. This process:

+» Reduces the total volume of runoff discharged from the site, which, in turn, decreases

« peak flows in storm sewers and downstream waters;

« Filters out sediment and other pollutants by various chemical, physical, and biological
processes as runoff water moves through the bottom of the infiltration structure and into the
underlying soil; and

% Augments ground water reserves by facilitating aquifer recharge. Groundwater recharge is
vital to maintain stream and wetland hydrology. During dry weather, ground water recharge
helps to assure baseflow necessary for survival of biota in wetlands and streams.
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Treatment effectiveness depends on whether the facility is sited on-line or off-line, and on the sizing
criteria used to design the facilities. Online systems receive all of the runoff from an area.
Off-line practices receive diverted runoff for treatment and isolate it from the remaining fraction of
runoff, which must still be controlled to prevent flooding. Off-line infiltration practices prevent all of the
TSS and other pollutants contained in the volume of runoff infiltrated from exiting the site. Thus, the
total annual load reduction depends on how much of the annual volume of runoff is diverted to the
infiltration structure. On-line infiltration practices, on the other hand, have lower treatment
effectiveness, averaging approximately 75 percent removal of TSS (WMI,1997b).
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5.3.1.1 Infiltration basins

Infiltration basins (Figure 5.1) are impoundments created by excavation or creation of berms or small
dams. They are typically flat-bottomed with no outlet and are designed to temporarily store runoff
generated from adjacent drainage areas (from 2 to 50 acres, depending on local conditions). Runoff
gradually infiltrates through the bed and sides of the basin, ideally within 72 hours, to maintain
aerobic conditions and ensure that the basin is ready to receive runoff from the next storm. Infiltration
basins are often used as an off-line system for treating the first flush of runoff flows or the peak
discharges of the two-year storm.

The key to successful operation is keeping the soils on the floor and side slopes of the basin
unclogged to maintain the rate of percolation. This is usually much easier said than done. For
example, Schueler (1992) reported infiltration basin failure rates ranging from 60 to 100 percent in
the mid-Atlantic region. To help keep sediment out of the basin, incoming runoff should be pretreated
using vegetated filter strips, a settling forebay, or other techniques. Grasses or other vegetation
should also be planted and maintained in the basin. If soil pores become clogged, the basin bottom
should be roughened or replaced to restore percolation rates.

Schematic of an infiltration basin (MDE, 2000).
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5.3.1.2 Infiltration trenches

Infiltration trenches (Figure 5.2) are shallow (2- to 10-feet deep) excavated ditches with relatively
permeable soils that have been backfilled with stone to form an underground reservaoir.
The trench surface can be covered with a grating or can consist of stone, gabion, sand, or a
grasscovered area with a surface inlet. Runoff diverted into the trench gradually infiltrates into the
subsoil and, eventually, into the ground water. Trenches can be used on small, individual sites or for
multi-site runoff treatment. Pretreatment controls such as vegetated filter strips should be
incorporated into the design to remove sediment and reduce clogging of soil pores. More expensive
than pond systems in terms of cost per volume of runoff treated, infiltration trenches are best-suited
for drainage areas of less than 5 to 10 acres, or where ponds cannot be used.
Variations in the design of infiltration trenches include dry wells, which are pits designed to control
small volumes of runoff (such as rooftop runoff) and exfiltration trenches. A typical dry well design
includes a perforated pipe 3 to 4 feet in diameter that is installed vertically in deposits of
gravely/sandy soil. Rock is then backfilled around the base of the well. An exfiltration trench is an
infiltration trench that stores runoff water in a perforated or slotted pipe and percolates it out into a
.surrounding gravel envelope and filter fabric
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Schematic of an infiltration trench (MDE, 2000).
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5.3.1.3 Pervious or porous pavements

Pervious pavement has the approximate strength characteristics of traditional pavement but allows
rainfall and runoff to percolate through it. The key to the design of these pavements is the elimination
of most of the fine aggregate found in conventional paving materials. There are two types of pervious
pavement, porous asphalt and pervious concrete (WMI, 1997b). Porous asphalt has coarse
aggregate held together in the asphalt with sufficient interconnected voids to yield high permeability.
Pervious concrete, in contrast, is a discontinuous mixture of Portland cement, coarse aggregate,
admixtures, and water that also yields interconnected voids for the passage of air and water.
Underlying the pervious pavement are a filter layer, a stone reservoir, and a filter fabric. Stored runoff
gradually drains out of the stone reservoir into the subsoil. Figure 5.3 shows several types of porous
pavement. More information about pervious pavement can be found at
http://www.gcpa.org/pervious_concrete_pavement.htm (Georgia Concrete & Products Association,
2003).

Modular pavement consists of individual blocks made of pervious material such as sand, gravel, or
sod interspersed with strong structural material such as concrete. The blocks are typically placed on
a sand or gravel base and designed to provide a load-bearing surface that is adequate to support
personal vehicles, while allowing infiltration of surface water into the underlying soils.

They usually are used in low-volume traffic areas such as overflow parking lots and lightly used
access roads. An alternative to pervious and modular pavement for parking areas is a geotextile
material installed as a framework to provide structural strength. Filled with sand and sodded, it
provides a completely grassed parking area.
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A flexible plastic grid system with virtually no impervious area, filled with sand and planted with
grass;

% An equivalent plastic grid, filled with gravel;

¢+ A concrete block lattice with approximately 60 percent impervious coverage, filled with soil and
planted with grass

+ Small concrete blocks with approximately 90 percent impervious coverage, with the spaces
between blocks filled with gravel.

e
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Schematic of a grass channel (Claytor and Schueler, 1996)
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5.3.2 Vegetated Open Channel Practices

Vegetated open channels are explicitly designed to capture and treat runoff through infiltration,
filtration, or temporary storage.

A vegetated swale is an infiltration practice that usually functions as a runoff conveyance channel
and a filtration practice. It is lined with grass or another erosion-resistant plant species that serves to
reduce flow velocity and allow runoff to infiltrate into ground water. The vegetation or turf also
prevents erosion, filters sediment, and provides some nutrient uptake benefits. These practices are
also known as biofiltration swales. Check dams are often used to reduce flow velocity. When used,
sediment that collects behind check dams should be removed regularly.

Two types of channels are typically used in residential landscapes:
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Grass channels. These have dense vegetation, a wide bottom, and gentle slopes (Figure 5.4).
Usually they are intended to detain flows for 10 to 20 minutes, allowing sediments to filter out.

Dry swales. As with grass channels, runoff flows into the channel and is subsequently filtered by
surface vegetation (Figure 5.5). From there, runoff moves downward through a bed of sandy loam
soil and is collected by an underdrain pipe system. The treated water is delivered to a receiving
water or another structural control. Dry swales are used in large-lot, single-family developments
and on campus-type office or industrial sites. They

are applicable in all areas where dense vegetative cover can be maintained. Because of a limited
ability to control runoff from large storms, they are often combined with other structural practices.
They should not be used in areas where flow rates exceed 1.5 feet per second unless additional
erosion control measures, such as turf reinforcement mats, are used.

In a research study conducted by J.F. Sabourin and Associates (1999), two grass
swale/perforated pipe systems and one conventional curb-and-gutter system were compared.
Flow monitoring results indicate that much less water reached the outlet of the perforated pipe
systems than the conventional system. Peak flows and total runoff volumes from the outlet of the
perforated pipe/grass swale system were 2 to 6 percent of those of the conventional system, and
total runoff volumes were 6 to 30 percent of conventional system volumes. Water quality



monitoring results indicate that for most elements, concentrations measured in the perforated
pipes were the same or lower than in the conventional system. Chloride concentrations were
found to be higher in the perforated pipe system, most likely from the use of road salt. However, a
loading analysis indicated that the perforated pipes released significantly fewer pollutants than
the conventional system.

J.F. Sabourin and Associates concluded that infiltration capacities of grass swales are optimum
when they allow for proper drainage and hold enough moisture for sustaining grass and plant life.
Exfiltration tests indicated that runoff volumes can be reduced by 40 to 60 percent by grass
swales and perforated pipe drainage systems. With a direct connection, peak outflows can be 45
percent of the inflow.
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5.2.3.2 Filtration practices

Filtration practices are so named because they filter particulate matter from runoff. The most
common filtering medium is sand, but other materials, including peat/sand combinations and leaf
compost material, have been used. Filtration systems provide only limited flood storage; therefore,
they are most often implemented in conjunction with other types of quantity control management
practices. Most filtration techniques require a forebay or clarifier to remove larger particles in runoff
from clogging the filter media.

Biofiltration refers to practices that use vegetation and amended soils to retain and treat runoff from
impervious areas. Treatment is through filtration, infiltration, adsorption, ion exchange, and biological
uptake of pollutants.
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5.3.3 Filtering Practices

Filtering practices capture and temporarily store runoff and pass it through a filter bed of sand,
organic matter, soil, or other media. Filtered runoff may be collected and returned to the conveyance
system, or allowed to exfiltrate into the soil. Design variants include

+« Surface sand filter

+«» Underground sand filter

+» Organic filter

« Pocket sand filter

++ Bioretention areas.
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Surface sand filter. The surface sand filter (Figure 5.6) is an aboveground filter design. Both
the filter bed and the sediment chamber are aboveground. The surface sand filter is designed
as an off-line practice; only the water quality volume is directed to the filter. The surface

sand filter is the least-expensive filter option and
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Underground sand filter. The underground sand filter (Figure 5.7) is a modification of the surface
sand filter, where all of the filter components are underground. Like the surface sand filter, this
practice is an off-line system that receives only flows from small rainstorms.
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Underground sand filters are expensive to construct but consume very little space.
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Perimeter sand filter. The perimeter sand filter (Figure 5.8) also includes the basic design elements of
a sediment chamber and a filter bed. In this design, however, flow enters the system through grates,
usually at the edge of a parking lot. The perimeter sand filter is the only filtering option that is on-line;
all flow enters the system, but a bypass to an overflow chamber prevents system flooding. One major
advantage of the perimeter sand filter design is that it requires little hydraulic head and thus is a good

option in areas of low relief.
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Organic media filter. Organic media filters (Figure 5.9) are essentially the same as surface filters, with
the sand replaced with or supplemented by another medium. Two examples are the peat/sand filter
(Galli, 1990) and the compost filter system. It is assumed that these systems will provide enhanced
pollutant removal for many compounds because of the increased cation exchange apacity achieved
by increasing organic matter content.
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Multi-chambered treatment train. The multi-chambered treatment train (Figure 5.10) is essentially a
“deluxe sand filter” (Robertson et al., 1995). This underground system consists of three chambers.
Runoff enters into the first chamber where screening occurs, trapping large sediments and releasing
highly volatile materials. The second chamber provides settling of fine sediments and further removal
of volatile compounds and floatable hydrocarbons through the use of fine bubble diffusers and
sorbent pads. The final chamber provides filtration by using a sand and peat mixed medium for
reduction of the remaining pollutants. The top of the filter is covered by a filter fabric that evenly
distributes the water volume and prevents channelization. Although this practice can achieve very
high pollutant removal rates, it might be prohibitively expensive in many areas. It has been
implemented only on an experimental basis.
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Exfiltration/partial exfiltration. In exfiltration designs, all or part of the underdrain system is replaced
with an open bottom that allows infiltration to the ground water. When the underdrain is present, it is
used as an overflow device in case the filter becomes clogged. These designs are best applied in the
same soils where infiltration practices are used.
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5.3.3.2 Media filtration units
Similar to wastewater treatment technology, passive filtration units can be used to capture pollutants
from runoff. Media filtration practices commonly use trenches filled with sand or peat.
Other media, including types of crushed rock and composted leaves, can also be used. A basin
collects the runoff and gradually routes discharge through cartridges filled with filter media. An
emergency bypass prevents system flooding during large rainstorms. According to the Unified
Sewerage Agency of Washington County in Oregon (WEF, 1998), composted leaf media trap
particulates, adsorb organic chemicals, and remove 90 percent of solids, 85 percent of oil and
grease, and 82 to 98 percent of heavy metals through cation exchange from leaf decomposition.
Similar types of systems with various filter media are available commercially.

5.3.3.1 Filtration basins and sand filters

Filtration basins are impoundments lined with a filter medium such as sand or gravel. Runoff drains
through the filter medium and through perforated pipes into the subsoil. Detention time is typically
four to six hours. Sediment-trapping structures are often used to prevent premature clogging of the
filter medium (NVPDC, 1980; Schueler et al., 1992).

Sand filters are usually two-chambered practices: the first is a settling chamber and the second is a
filter bed filled with sand or another filtering medium. As runoff flows into the first chamber, large
particles settle out and finer particles and other pollutants are removed as runoff flows through the
filtering medium. There are several modifications of the basic sand filter design, including the surface
sand filter, underground sand filter, perimeter sand filter, organic media filter, and multi-chambered
treatment train (Robertson et al., 1995). All of these filtering practices operate on the same basic
principle. Modifications to the traditional surface sand filter were made primarily to fit sand filters into
more challenging site designs (e.g., underground and perimeter filters) or to improve pollutant
removal (e.g., organic media filter). The following are design variations for sand filtration devices:
(1)Surface sand filter. The surface sand filter (Figure 5.6) is an aboveground filter design. Both the
filter bed and the sediment chamber are aboveground. The surface sand filter is designed as an off-
line practice; only the water quality volume is directed to the filter. The surface sand filter is the least-
expensive filter option and has been the most widely used.

(2)Underground sand filter. The underground sand filter (Figure 5.7) is a modification of the surface
sand filter, where all of the filter components are underground. Like the surface sand filter, this
practice is an off-line system that receives only flows from small rainstorms.

Underground sand filters are expensive to construct but consume very little space. They are well-
suited to highly urbanized areas, and often included in groups of practices known as “ultra-urban
BMPs.”

(3) Perimeter sand filter. The perimeter sand filter (Figure 5.8) also includes the basic design
elements of a sediment chamber and a filter bed. In this design, however, flow enters the system
through grates, usually at the edge of a parking lot. The perimeter sand filter is the only filtering
option that is on-line; all flow enters the system, but a bypass to an overflow chamber prevents
system flooding. One major advantage of the perimeter sand filter design is that it requires little
hydraulic head and thus is a good option in areas of low relief.

(4) Organic media filter. Organic media filters (Figure 5.9) are essentially the same as surface filters,
with the sand replaced with or supplemented by another medium. Two examples are the peat/sand
filter (Galli, 1990) and the compost filter system. It is assumed that these systems will provide
enhanced pollutant removal for many compounds because of the increased cation exchange
capacity achieved by increasing organic matter content.

(5) Multi-chambered treatment train. The multi-chambered treatment train (Figure 5.10) is essentially
a “deluxe sand filter” (Robertson et al., 1995). This underground system consists of three chambers.
Runoff enters into the first chamber where screening occurs, trapping large sediments and releasing
highly volatile materials. The second chamber provides settling of fine sediments and further removal
of volatile compounds and floatable hydrocarbons through the use of fine bubble diffusers and

22



sorbent pads. The final chamber provides filtration by using a sand and peat mixed medium for
reduction of the remaining pollutants.

The top of the filter is covered by a filter fabric that evenly distributes the water volume and prevents
channelization. Although this practice can achieve very high pollutant removal rates, it might be
prohibitively expensive in many areas. It has been implemented only on an experimental basis.

(6) Exfiltration/partial exfiltration. In exfiliration designs, all or part of the underdrain system is
replaced with an open bottom that allows infiltration to the ground water. When the underdrain is
present, it is used as an overflow device in case the filter becomes clogged. These designs are best
applied in the same soils where infiltration practices are used.
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Schematic of a bioretention system (MDE, 2000).

5.3.3.3 Bioretention systems

Bioretention systems (Figure 5.11 and Figure 5.12) are suitable to treat runoff on sites where there is
adequate soil infiltration capacity and where the runoff volumes that are not infiltrated do not present
a safety or flooding hazard. Typical applications for bioretention include parking areas with or without
curbs, traffic islands, and swales or depressed areas that receive runoff from impervious areas.
Bioretention system designs are very flexible, can be adapted to a wide range of commercial,
industrial, and residential settings, and can be linked in series or combined with structural devices to
provide the necessary level of treatment depending on expected runoff volumes and pollutant
loading. A common technique is to use bioretention areas to pre-treat sheet flow before it is
channelized or collected in an inlet structure.

Bioretention should not be used in areas:

— With mature trees;

— With slopes greater than 20 percent;
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— With a water table within 6 feet of the land surface;

— With easily erodible soils;

— Below outfalls;

— Where concentrated flows are discharged; or

— Where excavation or cutting will occur.

To determine the appropriate design of the bioretention area with respect to the amount of runoff it
receives, Prince George's County, Maryland, Department of Environmental Resources (1993),
suggests a design based on a four-day maximum ponding period (appropriate for the Mid-Atlantic
region). This four-day period is based on hydrologic, horticultural, and maintenance constraints such
as plant tolerance of flooded conditions and mosquito-breeding concerns. Other considerations
include infiltration rates for the root zone, sand layer, and in-situ material.

There is some flexibility with respect to size, shape, and placement of vegetation within the
bioretention area. Other elements that should be incorporated into the design of the bioretention
system include curb openings, a ponding area suitable to handle runoff from larger storms, amended
planting soil that provides the desired infiltration rate, and an under-layer sand or gravel bed or
underground perforated pipe that facilitates infiltration.

Regular maintenance, including soil pH testing, mulching and repairing eroded areas, inspecting
vegetation, ensuring that runoff is infiltrating as designed, and checking for damage caused by large
storms, will help to ensure the longevity of bioretention areas. More information about the design,
operation, and maintenance of bioretention systems can be found in Coffman and Winogradoff
(1999) or Prince George’s County, Maryland, Department of Environmental Resources (1993).

As for the performance of bioretention areas, in one research study, simulated runoff was pumped
continuously into an area of 5.3 m2 in six bioretention cells, and effluent samples were collected from
the perforated drainpipes underlying the bioretention media. All six bioretention facilities showed
greater than 99 percent removal efficiency for oil and grease. Total lead removal efficiency
decreased when the TSS level in the effluent increased because lead was adsorbed onto the surface
of the solids. TSS removal ranged from 72 to 99 percent, and lead removal rates ranged from 80 to
100 percent. For total phosphorus, the removal efficiency was found to be highly variable, ranging
from 37 to 99 percent. Nitrate-nitrogen and ammoniumnitrogen removal efficiencies ranged from 2 to
7 percent and 5 to 49 percent, respectively.

Overall, the bioretention cells contributed significantly to water quality improvement (Hsieh and Dauvis,
2003).

The developer of Somerset Community, a typical suburban development in Prince George’s County,
Maryland, incorporated bioretention areas into each lot to control runoff quantity and quality. The
bioretention areas eliminated the need for a wet pond, allowed the development of six extra lots, and
resulted in a cost savings of more than $4,000 per lot. Somerset residents have enthusiastically
accepted their bioretention areas, are actively maintaining them, and have lodged few complaints.
Safety issues and mosquitoes have not been a problem (Daniels, 1995, and Curry and Wynkoop,
1995). The Inglewood Demonstration Project in Largo, Maryland, involved retrofitting an existing
parking facility with bioretention areas and comparing the pollutant removal efficiency of a
bioretention cell in a laboratory setting to that of a comparable facility constructed in a parking lot.
This study showed the feasibility of retrofitting an existing parking facility and demonstrated the
consistency of laboratory and field pollutant removal performance. Results showed that the runoff
temperature was lowered 12 degrees Celsius, lead levels were lowered 79 percent, zinc levels were
lowered 78 percent, and numerous other pollutant levels were also considerably reduced. The retrofit
cost $4,500 to construct, while usual methods would have cost $15,000 to $20,000 and involved
fewer environmental benefits and higher maintenance costs. Also, bioretention areas offer the
ancillary benefit of aesthetic enhancement. It is interesting to note that a drought occurred after the
installation of the plants, and although many of the other plants in the parking lot died or experienced
severe drought stress, those in the bioretention facility survived because of the retained water supply
(USEPA, 2000a) (10).
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Compost filter socks are generally used to control sediment on construction sites or land disturbing
activities. Higher sediment removal efficiencies of compost filter socks, relative to silt fence, have
been attributed to its larger surface area and sediment storage capacity, due to its tubular
construction. Compost has been used widely to bioremediate polluted soils. By adding new materials
to the compost filter media within the sock, these innovative sediment control devices may be used
for storm water pollutant removal applications beyond sediment. Under laboratory test conditions,
similar to test methods designed to evaluate silt fence (ATSM D-5141), results from 12 in and 18 in
compost filter socks show TSS removal efficiency of runoff of 70% and a turbidity reduction of 74 and
84%, respectively. When compost filter media is specified and designed for high runoff flow
conditions, generally, flow through rates are increased at the expense of suspended solids and
turbidity reduction. By adding anionic polymers to the compost filter media, such as PAM or a
polysaccharide biopolymer, turbidity reduction of runoff can increase from 21% to 90 and 77%,
respectively; and TSS removal efficiency can improve from 58% to 90 and 88%, respectively.
Additionally, polymers can be added to the filter media to remove hard to capture soluble pollutants,
such as dissolved reactive phosphorus. By adding a polymer to the filter media that can adsorb
soluble P, test results show that removal efficiencies from storm water runoff can increase from 6% to
93%. Based on 45 samples of compost filter media tested for physical characteristics and runoff
pollution control performance, the mean hydraulic flow through rate was 24 gpm/linear ft, mean total
solids removal was 92%, mean suspended solids removal was 30%, mean turbidity reduction was
24%, and mean motor oil removal rate was 89%. It should be noted that not all of these compost filter
media met federal specifications (AASHTO, USEPA) for particle size distribution. Based on
preliminary correlations, particle size distribution of filter media is the best indicator of hydraulic flow
through rate and pollutant removal efficiency, although bulk density of the filter media may be used if
particle sizes are unknown, and void space of the filter media may be used to predict flow through
rate but not pollutant removal efficiency. The greater the hydraulic flow through rate of a filter media,
generally the lower the pollutant removal efficiency.

Results from this study indicate that compost filter socks are an effective sediment control device and
by adding new materials to the filter sock its applications expand beyond only sediment control to
storm runoff filtration capable of capturing target soluble pollutants, such as petroleum hydrocarbons
and phosphorus. These practices should be considered to improve receiving water quality and in
watersheds where there is a potential for pollution from sediment or soluble pollutants. (11)
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5.2.3.3 Detention/retention practices

Runoff detention facilities provide pollutant removal by temporarily capturing runoff and allowing
particulate matter to settle prior to release to surface waters. Dry detention runoff management ponds
are one type of detention facility. Peak flows are reduced in drainage systems/receiving waters
downstream of detention facilities.

Runoff retention facilities are used to capture runoff, which is subsequently withdrawn or evaporated.
Therefore, peak flows and total flow volume can be reduced in downstream drainage
systems/receiving waters. Wet runoff management ponds are one type of retention facility. These
retention facilities can be designed to accept flow from receiving streams/drainage systems offline.
Both detention and retention facilities can use biological uptake as a mechanism for pollutant
removal. Runoff management ponds can be designed to control the peak discharge rates, thereby
reducing excessive flooding and downstream erosion in reaches of the drainage system/receiving
stream immediately downstream. At some point downstream, however, runoff flow that is not retained
will increase the volume of total flow, thereby increasing the risk of flooding and erosion if the
receiving stream at that point does not have a stable channel and riparian area or floodplain.

Constructed wetlands are engineered systems designed to employ the water quality improvement
functions of natural wetlands to treat and contain surface water runoff pollution and decrease
pollutant loadings to surface waters. They can be designed with extended detention to control runoff
peak flow and volume. Where site-specific conditions allow, constructed wetlands and retention
basins should be located to minimize the impact on the surrounding areas (e.g., in upland areas of
the watershed). Ponds, constructed wetlands, and other structural management practices degrade
the functions of natural buffer areas and natural wetlands, and they may also interrupt surface water
and ground water flow when soils are disturbed for installation.
Therefore, the placement of structural management practices in natural buffers and natural wetlands
should be avoided where possible.
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5.3.4 Detention and Retention Practices

5.3.4.1 Detention ponds and vaults

These practices temporarily detain runoff to ensure that the postdevelopment peak discharge rate is
equal to the predevelopment rate for the desired design storm (e.g. two-, 10-, or 25-year). These
practices may also be used to provide temporary extended detention to protect downstream channels
from erosion (e.g., 24-hour extended detention for a one-year storm).

Extended detention (ED) ponds (Figure 5.13) are an example of this type of facility. ED ponds
temporarily detain a portion of urban runoff for up to 24 hours after a storm, using a fixed orifice to
regulate outflow at a specified rate and allowing solids and associated pollutants time to settle out.
ED ponds are normally dry between storm events and do not have any permanent standing water.
These basins are typically composed of two stages: an upper stage, which remains dry except after
larger storms, and a lower stage, which is designed for typical storms. Enhanced ED ponds are
equipped with plunge pools or forebays near the inlet, a micropool at the outlet, and an adjustable
reverse-sloped pipe as the ED control device (NVPDC, 1980; Schueler et al., 1992).

Most ED ponds use a riser with an anti-vortex trash rack on top to control large floating solids
Detention tanks and vaults are underground structures used to control peak runoff flows. They are
usually constructed out of concrete (vaults) or corrugated metal pipe (tanks). Underground detention
can also be achieved by retrofitting the over-capacity storm drain pipes with baffles.

The baffles allow water to be stored in the pipes so it can be released at a slower rate.

Pretreatment structures such as water quality inlets and sand filters can be used to treat runoff and
remove trash and debris.

These systems are primarily applicable where space is limited and there are no other practical
alternatives. Concrete vaults are relatively expensive and are often used to control small flows where
system replacement costs are high. Corrugated metal pipe systems are less expensive and are often
used to control larger volumes of runoff in parking lots, adjacent to rights-of-way, and in medians.
These systems should be located where maintenance can be conducted with minimal disturbance.
Underground detention structures provide runoff quantity control but do not provide significant water
quality control without modifications. Corrugated metal pipe systems can work in conjunction with
infiltration to provide additional runoff treatment. This is accomplished by adding perforations to the
pipe to allow it to store the water until it can be released into the soil (FHWA, no date).

5.3.4.2 Retention ponds

These practices use a permanent pool, extended detention basin, or shallow marsh to remove
pollutants and can include:

+ Micropool extended detention ponds

Wet ponds

Wet extended detention ponds

Multiple pond systems.

\/ 7
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Ponds (Figure 5.14) are basins designed to maintain a permanent pool of water and temporarily store
runoff (ED wet pond), which is released at a controlled rate. Ponds allow particulates to settle and
can provide biological uptake of pollutants such as nitrogen or phosphorus. Enhanced designs
include a forebay to trap incoming sediment where it can easily be removed. Often, a fringe wetland
is installed around the perimeter of the pond to increase the habitat, aesthetic, and pollutant removal
values of the facility. An outlet riser, sometimes combined with an anti-vortex trash device, is a
common design modification. The design of wet ponds should account for the infiltration of ground
water when the wet pond intercepts the water table. Table 5.5 presents several design
considerations for ponds.
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Used in combination with on-site and nonstructural practices, regional ponds are an important
component of a runoff management program. The costs and benefits of regional, or off-site, practices
compared to on-site practices should be considered as part of a comprehensive management
program. For example, regional ponds can be located to treat runoff from existing development, and
will result in overall net reductions on pollutant loads for the watershed (Fairfax County
Environmental Coordinating Committee, 2002). Regional facilities can incorporate more advanced
treatment technologies than on-site facilities (Maupin and Wagner, 2003). They can also provide
community recreation and wildlife benefits, reduce peak and total flow, and be easier to maintain than
dispersed controls. The City of Fairfax, Virginia, found that maintenance costs for a regional pond
were about one-sixth those of on-site ponds (Fairfax County Environmental Coordinating Committee,
2002). Maintenance responsibilities and liability for regional runoff facilities belong to the municipality
(Maupin and Wagner, 2003).

A study of 43 wadeable streams in Austin, Texas, showed that several indicators of stream health
(ephemeroptera -plecoptera-trichoptera (EPT) richness and percent EPT abundance) were higher in
streams with storm water ponds protecting 60 to 95 percent of their catchments than in streams with
no storm water controls (Maxted and Scoggins, 2004). This trend was only significant in fully
developed watersheds (having greater than 40 percent impervious cover). In watersheds with less
than 40 percent impervious cover, storm water ponds had no significant impact on EPT richness or
percent EPT abundance. The researchers attributed the lack of effects of storm water

ponds to urban development in the reference watersheds and to the nature of the biological index
used to gauge stream health, which was not tailored to the specific environmental conditions of the
Austin area.

Research has shown that storm water ponds can increase property values. A survey in Columbia,
Maryland, found that 75 percent of homeowners felt that permanent bodies of water such as storm
water ponds added to real estate values. Seventy-three percent were willing to pay more for property
located in a neighborhood with storm water control basins designed to enhance fish or wildlife uses
(Adams et al., 1984; Tourbier and Westmacott, 1992; USEPA, 1995). Residents of a Champaign-
Urbana, lllinois, neighborhood with storm water ponds stated that lots adjacent to a wet pond were
worth an average of 21.9 percent more than comparable non-adjacent lots in the same subdivision.
The same survey revealed that 82 percent would in the future be willing to pay a premium for a lot
adjacent to a wet pond (Emmerling-DiNovo, 1995). In Alexandria, Virginia, condominiums alongside
a 14-acre runoff detention pond sold for $7,500 more than comparable units not adjacent to the pond
(USEPA, 1995).

Regional ponds do not, however, provide protection in contributing drainage systems, including
upstream tributaries. These can experience damage from increased peak flow and flow volume. In
addition, placement of regional ponds in low-lying areas may harm natural wetlands, and the ponds
may create safety and liability issues. Siting ponds or other structural management practices within
natural buffer areas and wetlands degrades their functions and may interrupt surface water and
ground water flow when soils are disturbed for installation.

5.3.4.3 Constructed wetlands

Constructed wetlands (Figure 5.15) are engineered systems designed to treat runoff. They are
typically designed to provide some of the functions of natural wetlands, e.g., wildlife habitat, in
addition to controlling runoff volumes and pollutant loadings. There are many variations of
constructed wetlands, such as shallow wetlands, extended detention wetlands, pond/wetland
systems, and small isolated “pocket” wetlands. Constructed wetlands may contain some or all of the
following elements: shallow vegetated areas, permanent pools, sediment forebays, transition areas,
and weirs. Designs are intended to slow flow through the wetlands and provide maximum contact
with wetland vegetation.

It should be noted, however, that constructed wetlands rarely replicate the functions of natural
wetlands and should not be used for compensatory mitigation of natural wetlands and buffers.
Furthermore, constructed wetlands should be designed to receive periodic maintenance to ensure
the wetland continues to function as designed.

Constructed wetlands are feasible at most sites and drainage areas where there is enough rainfall
and/or snowmelt to maintain a permanent pool. In areas with highly permeable soils, other
impermeable barriers, such as synthetic liners or clay, sometimes can be used to maintain enough
water or moisture to support the wetland. Constructed wetlands should be located contiguous to
existing wetlands wherever possible, unless there is concern about contaminants that may pose a
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threat to wildlife. Although it is technically feasible to construct a wetland on a small site (less than 1
acre), alternative control strategies should be considered when land constraints are present.
Constructed wetland systems can take several forms, including wet ponds with a wetland fringe,
swale/ditch wetland depressions, and large-scale constructed wetlands used as mitigation wetlands
or treatment wetlands. The choice of wetland designs depends on watershed characteristics, spatial
and geomorphic constraints, runoff treatment requirements, and community and environmental
factors. These considerations are outlined in Table 5.5.

In the San Diego Creek Watershed in southern California, constructed wetlands are being used as a
regional runoff control technique. This approach, called the Natural Treatment System (NTS) Plan, is
part of a watershed-wide management effort to meet total maximum daily load (TMDL) requirements
for the San Diego Creek, which is impaired by sediment, nutrients, pathogens, heavy metals, and
pesticides. The results of water quality modeling that accounted for the combined effects of the 44
planned facilities indicated that the TMDL for total nitrogen in base flows would be achieved, total
phosphorus targets would be met in all but the wettest years and the fecal coliform target would be
met in the dry season. While the NTS Plan is not meant to meet the TMDL for sediment, it will
capture 1,900 tons annually, and the wetlands are estimated to remove 18 percent of the total zinc
and 11 percent of the total copper and lead in runoff (Strecker et al., 2003).

Wetlands and other runoff control systems should not be sited in areas where they disrupt or
significantly alter the predevelopment hydrology unless restoration objectives apply. When designing
the wetland, a variety of physical characteristics should be used to promote multiple wildlife and
habitat functions. For example, an irregular shape increases the perimeter of the system and
provides a greater variety of microhabitats along the shoreline. Also, an irregular shoreline can
extend the perimeter of a constructed wetland by 10 to 20 percent with no increase in land
requirements. Shallow-water wetlands do not contain a large volume of water per surface area as
would a typical wet pond. In general, the wetland should have a shallow slope with a permanent pool
in the middle. To enable growth of emergent vegetation, static water depths should not exceed 2 to 3
feet. Depths greater than 2 to 3 feet are conducive to the growth of submerged aquatic vegetation.
The use of deeper water (>3 feet) in an area that is easily accessible for small children should be
discouraged. No area of the pond should have a depth greater than four feet.

In general, 50 percent of the pond should have depths less than one foot, 30 percent should be 1 foot
to 2 feet deep, and 20 percent should be 2 to 4 feet deep. Greater depths are allowable for the inflow
forebay and around the outlet structure.

The Maryland Department of the Environment (2000) requires that the first inch of runoff from the site
must be controlled and released over a 24-hour period to provide water quality treatment, while peak
discharge control of the two- and 10-year storms must be provided for water quantity control. Local
requirements should be used when designing the treatment capacity of a constructed wetland. Other
factors such as steep slopes may necessitate deeper ponds to obtain adequate runoff control.
Individual soil analyses should be done during the site design phase to determine if a clay or plastic
liner is needed to maintain a wetland environment. Wetland vegetation cannot usually survive unless
a base flow is available to provide a permanent pool to keep plants wet. Rapid infiltration will remove
this needed pool. If a liner is needed, it should have at least 1 foot of clean fill material placed on top
of it for wetland plant growth (the fill material will also reduce the potential for puncture).

An island placed in the wetland can extend the length of the flow path that runoff must travel to
traverse the pond. This increased flow path enhances the pollution removal function of the
constructed wetland. The highest elevation of the island should be above that reachable by storage
of the first inch of runoff. Islands in wetlands may attract geese, which can be undesirable in some
urban settings, but there are ways to minimize habitat for geese in a constructed wetland. Because
most runoff management ponds are fairly small compared with a natural marsh system, they do not
provide the long glide path preferred by geese for landing and takeoff. Planting woody vegetation or
allowing areas around the pond to grow without mowing also tends to discourage goose residency.
The following are typical elements of a constructed wetland:

(1) Sediment forebays. It is important that sediment forebays be placed at all locations where runoff
enters the wetland. A forebay is designed for vehicle access to facilitate sediment removal while
preventing disturbance of substrate that could disrupt wetland functions. The forebay should
constitute approximately 10 percent of the total basin volume and should have a maximum depth of 4
feet. Where there are multiple inlets to the constructed wetland, the total volume of all the forebays
should be 10 percent of the basin volume, with individual inlet forebays sized with respect to the
percentage of contributing flow they receive. The use of stone riprap in the forebay will reduce the
velocity of flow into the wetland portion of the basin and minimize resuspension of deposited
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sediments. An access to the forebay should be provided for cleanout equipment. An area adjacent to
the constructed wetland should be set aside for disposal of the sediments that become trapped and
are removed during periodic maintenance.

The cleanout frequency of sediment forebays depends on the sediment load entering the constructed
wetland. Each forebay should be inspected annually to ensure cleanout is being conducted as
needed. Once the forebay has been filled to approximately 50 percent of its total volume (every 10 to
15 years), sediment should be removed, placed in an appropriate upland location, and stabilized.
Costs for sediment forebay maintenance, including periodic inspection and cleaning, should be
budgeted as a long-term operating expense if this practice is selected.

(2) Diversion weir. Diversion weirs may be needed for designs where the entire runoff volume is not
directed to the constructed wetland. This diverted fraction of the runoff is often routed to collection
systems or inlets. The amount of rainfall that may be diverted will vary according to local
requirements and design objectives.

(3) Outlet. As is the case with all ponds having a normal pool of water, algae can clog outlets with
small orifices that are needed for extended detention. A below-surface withdrawal structure may
reduce or eliminate this problem.

(4) Transition zone. The maximum slope of the transition zone on wetland side slopes should be no
greater than 10:1 (horizontal:vertical) and should extend at least 20 feet from the design pool of the
constructed wetland. This area will be temporarily flooded whenever runoff is temporarily detained.
Planting trees in the transition zone enhances nutrient uptake; the shading reduces temperature
increases common in open water areas; and the trees provide habitat for wildlife. The transition zone
should be mowed no more than once a year in late fall. Optimally, to promote the growth of woody
vegetation, the transition area should not be mowed at all unless the pond is an embankment pond,
in which case it should be mowed annually to prevent woody vegetation on the embankment.

(5) Vegetation. Placement of organic soils on the bottom of the pond will provide faster growth of
planted or volunteer vegetation. Constructed wetlands should initially be planted with emergent
plants and woody shrubs, and the wetlands should be allowed to succeed to a system dominated by
woody shrubs and trees. The emergent wetland plants that are chosen should have tops that rise
above the normal pool level.

It is important to consult local ecologists/plant specialists to choose suitable wetland species and to
design a landscaping plan with appropriate vegetation density and spacing. Local specialists can also
provide information regarding the optimal time to plant vegetation and help to design a maintenance
schedule based on vegetation requirements. Native species should be used where feasible because
they are well-adapted to local conditions. The USDA has a database (see
http://www.plants.usda.gov/) of invasive and noxious species, which should be avoided.

The following specifications are provided as an example and apply to the Mid-Atlantic region (MDE,
2000):

— At least two aggressive species should be planted in the constructed wetland; their purpose is to
rapidly spread to other unplanted areas of the wetland. In addition, at least three secondary species
should be planted to increase the diversity, wildlife values, and appearance of the wetland. Ideally,
plantings should include a mix of perennial and annual species.

— Plants should cover approximately 30 percent of shallow areas, with particular attention paid to
areas adjacent to the shoreline. Plants should be spaced 2 to 3 feet apart, and the same species of
plants should be planted in a single area to avoid interspecies competition.

— Species that are not recommended for any use in a constructed wetland are Phragmites australis
(common reed), Lythrum salicaria (purple loosestrife), and Phalaris arundinacea (reed canary grass).
Periodic inspections are important to ensure that exotic or other pest species do not dominate the
plant community. In certain situations where there is an initial invasion of an aggressive, undesirable
species, selective removal of the plants might be warranted, especially if the plant community that
was introduced has not had time to adequately establish itself.

— Depending on site conditions, planting Typha latifolia (cattail) may or may not be recommended.
Despite the fact that it is considered an exotic species, cattail will eventually dominate the wetland
community. Additionally, cattail is an excellent plant for water treatment from a filtration and
sedimentation standpoint.

— Planting will be more successful if the water level can be drawn down immediately prior to
planting. This drawdown will leave the soils saturated, a condition necessary for the plants, and will
improve visibility, especially when a number of people are involved in planting. The potential for
damaging previously planted vegetation is reduced if the plants are clearly visible. Upon completion
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of planting, the outlet structure drain valve should be closed so either storm or base flow can
reestablish the normal pool elevation.

— Harvesting wetland plants is only appropriate in areas such as the southern United States where
plant growth is the most important mechanism for nutrient uptake. Harvesting is not needed where
microbial activity is the dominant pollutant removal mechanism.

Like wet ponds, wetlands can increase adjacent property values. One study in Boulder, Colorado,
found that lots located alongside a constructed wetland sold for up to a 30 percent premium over lots
with no water view (USEPA, 1995). In Wichita, Kansas, a developer enhanced existing wetlands
rather than filling them, and the waterfront lots sell for a premium of up to 150 percent of comparable
lots (USEPA, 1995).
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Schematic of a wet pond (MDE, 2000).
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Schematic of a shallow wetland (MDE, 2000).

SO i iy,
FRrOU S

bl 07 =

Schematic of a vegetated filter strip (Claytor and Schueler, 1996).
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5.2.3.4 Evaporation practices

Runoff detention and retention facilities and other practices that temporarily store runoff can also
evaporate it. Evaporation from runoff detention and retention areas such as rooftops, streets, basins,
and ponds can be an important mechanism for runoff management in warm, dry climates.
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5.3.5 Other Practices

Other practices used to control urban runoff have not been studied as extensively as those above but
have been used with varying degrees of success. They include:
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In some cases, these practices are used for pretreatment or are part of an overall runoff
management system, which is sometimes referred to as a “treatment train.” For example, water
quality inlets, catch basin inserts, and vegetated filter strips installed upslope of a wet pond or
filtration practice will help remove a portion of the pollutants present in runoff before it enters the
pond or filtration practice. These other practices in the treatment train improve runoff quality and can
help extend the longevity of the filtration practice and wet pond.

Vegetated filter strips

Vegetated filter strips (VFSs) (Figure 5.16) are areas of land with vegetative cover that are designed
to accept runoff as overland sheet flow from upstream development. Dense vegetative cover
facilitates sediment attenuation and pollutant removal. Unlike grassed swales, vegetated filter strips
are effective only for overland sheet flow and provide little treatment for concentrated flows. Grading
and level spreaders can be used to create a uniformly sloping area that distributes the runoff evenly
across the filter strip (Dillaha et al., 1989). Vegetated filter

strips are often used as pretreatment for other structural practices, such as infiltration basins and
infiltration trenches.

Typically, VFSs are used to treat very small drainage areas. The limiting design factor, however, is
not the drainage area the practice treats but the length of flow leading to it. As runoff flows over the
ground surface, it changes from sheet flow to concentrated flow. Rather than moving uniformly over
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the surface, the concentrated flow forms rivulets that are slightly deeper and cover less area than the
sheet flow. When flow concentrates, it moves too rapidly to be effectively treated by a grassed filter
strip.
VFSs should be designed on slopes between 2 and 6 percent. Steeper slopes encourage the
formation of concentrated flow. Except in the case of very sandy or gravelly soil, runoff ponds on the
surface on slopes flatter than 2 percent, creating potential mosquito-breeding habitat.
Filter strips should not be used on soils with high clay content because they require infiltration for
proper treatment. Very poor soils that cannot sustain a grass cover crop are also a limiting factor.
Filter strips should be separated from the ground water by 2 to 4 feet to prevent contamination and to
ensure that they do not remain wet between storms.
The design of VFSs is straightforward because they are not much more than a grassed slope.
However, the following design features are critical to ensure that the filter strip provides some
minimum amount of water quality treatment:
++» A pea gravel diaphragm or stone drop should be used at the top of the slope. The pea gravel
diaphragm (a small trench running along the top of the filter strip) serves two purposes. First, it
acts as a pretreatment device, settling out sediment particles before they reach the practice.
Second, it acts as a level spreader, maintaining sheet flow as runoff flows over the filter strip.
¢ The filter strip should be designed with a pervious berm of sand and gravel at the toe of the slope.
This feature provides an area for shallow ponding at the bottom of the filter strip. Runoff ponds
behind the berm and gradually flows through outlet pipes in the berm. The volume ponded behind
the berm should be equal to the water quality volume. The water quality volume is the amount of
runoff that will be treated for pollutant removal in the practice. Typical water quality volumes are
the runoff from a 1-inch storm or 2-inch of runoff over the entire drainage area to the practice.
The filter strip should have a length of at least 25 feet to provide water quality treatment.
Vegetation must be able to withstand relatively high velocity flows and both wet and dry periods.
The slope should have a flat top and toe to encourage sheet flow and prevent erosion.
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Structural best management practices (BMPs) are often used to mitigate the impact of storm water
runoff on receiving waters. Vegetative filter strips (VFS) are an example of a structural BMP that has
been used to treat storm water and highway runoff. Physical factors affecting the performance of VFS
include pollutant characteristics, vegetation composition and density, soil properties, and the physical
dimensions of the filter strip. In this study, field-suspended sediment data were collected from an
experimental VFS treating highway runoff in eastern North Carolina. Field data were used to test the
design concepts of the VFS treatment train and to validate a simulation model for evaluating the
impact of these physical factors on sediment removal as a function of filter strip length. It was
concluded that the experimental filter strip was effective in removing more than 85% of the incoming
total suspended sediment (TSS). Simulation results support field observations that a 10-m or longer
filter strip can retain most of the medium and large particles (> 8 y m) transported in runoff.
Simulations also indicate infiltration loss is largely responsible for the retention of small-size sediment
particles (< 8 y m). Saturated hydraulic conductivity and initial water contents have little effects on
TSS removal. The condition of vegetative coverage, in particular vegetation density, is another factor
affecting the performance of filter strip(12).
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The impact of vegetated filter strips (VFS) on sediment removal from runoff has been studied
extensively in recent years. Vegetation is believed to increase water infiltration and decrease water
turbulence thus enhancing sediment deposition within filter media. In the study reported here, field
experiments have been conducted to examine the efficiency of vegetated filter strips for sediment
removal from cropland runoff. Twenty filters with varying length, slope and vegetated cover were
used under simulated runoff conditions with an average sediment concentration of 2700 mg/L. The
filters were 2, 5, 10 and 15 m long with a slope of 2-3 and 5% and three types of vegetation. Three
other strips with bare soil were used as a control. The experimental results showed that the average
sediment trapping efficiency of all filters was 84% and ranging from 68% in a 2-m filter to as high as
98% in a 15-m long filter compared with only 25% for the control. The length of filter has been found
to be the predominant factor affecting sediment deposition in VFS up to 10 m. Increasing filter length
to 15 m did not improve sediment trapping efficiency under the present experimental conditions. The
rate of incoming flow and vegetation cover percentage has a secondary effect on sediment
deposition in VFS. Copyright © 2004 John Wiley & Sons, Ltd.
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Vegetation is often employed as part of a BMP system to slow runoff and help stormwater infiltrate
the soil and settle particulates before entering another treatment device. Two frequently used
vegetative measures, filter strips and grassed swales, are described below.

Grassed swales are shallow earthen channels covered with a dense growth of a hardy grass. In a
residential setting, swales look like an extension of a front lawn, and can be used as alternatives to
curb and gutter stormwater systems. This method is again usually used to provide pre-treatment
before runoff is discharged to treatment systems, providing initial water quality improvements. Swales
provide some reduction in stormwater pollution by filtering sediment and other matter. They also slow
runoff and reduce peak flows.
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Advantages and disadvantages of management practices (MDE, 2000).

Practice | Advantages | Disadvantages | Comparative Cost
Runoff control ponds
Wet pond - Can provide peak flow control — Not economical for drainage area Moderate to high
— Can serve large developments; less than 10 acres compared to
most cost-effective for larger, — Potential safety hazards if not conventional
more intensively developed sites properly maintained runoff detention
— Enhances aesthetics and provides — If not adequately maintained, can
recreational benefits be an eyesore, breed mosquitoes,
— Little ground water discharge and create undesirable odors
— Permanent pool in wet ponds — Requires considerable space,
helps to prevent scour and resuspension which limits use in densely
of sediments urbanized areas with expensive
— Provides moderate to high land and high property values
removal of both particulate and — Not suitable for hydrologic soil
soluble urban runoff pollutants groups “A” and “B” (USDANRCS
classification) unless a
liner is used

— With possible thermal discharge
and oxygen depletion, may
severely impact downstream
aquatic life

— Hydrologic damage to stream
channels and aquatic habitat is
possible due to flow volume.

Infiltration practices

Infiltration basin | Provides ground water recharge — -Possible risk of contaminating Construction
— Can serve large developments ground water cost moderate
— High removal capability for — Only feasible where soil is but rehabilitation
particulate pollutants and permeable and there is sufficient cost high
moderate removal for soluble depth to bedrock and water table
pollutants — Fairly high failure rate
— When basin works, it can replicate — If not adequately maintained, can
predevelopment hydrology more be an eyesore, breed mosquitoes,
closely than other BMP options and create undesirable odors
— Basins provide more habitat value — Regular maintenance activities
than other infiltration systems cannot prevent rapid clogging of
infiltration basin
Infiltration Provides ground water recharge — Possible risk of contaminating Cost-effective
trench — Can serve small drainage areas ground water on smaller
— Can fit into medians, perimeters, — Only feasible where soil is sites
and other unused areas of a permeable and there is sufficient — Rehabilitation
development site depth to bedrock and water table costs can be
— Helps replicate predevelopment — Since not as visible as other considerable
hydrology, increases dry weather BMPs, less likely to be
baseflow, and reduces bankfull maintained by residents
flooding frequency — Requires significant maintenance
Concrete Can provide peak flow control — Requires regular maintenance Information not
grid — Provides ground water recharge — Not suitable for areas with high available
pavement — Provides water quality control traffic volume
without additional consumption of — Possible risk of contaminating
land ground water

— Only feasible where soil is
permeable, there is sufficient
depth to bedrock and water table,
and there are gentle slopes

Filtering practices

Filtration Ability to accommodate mediumsize — Requires pretreatment of runoff Information not
basin development (3—80 acres) through sedimentation to prevent available
— Flexibility to provide or not filter media from premature
provide ground water recharge clogging
— Can provide peak volume control
Bioretentiom — Provides ground water recharge
Open channel practices
Grassed swale | — Requires minimal land area | — Low pollutant removal rates | Low compared
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Practice Advantages Disadvantages Comparative Cost
— Can be used as part of the runoff — Leaching from culverts and to curb and
conveyance system to provide fertilized lawns may actually gutter
pretreatment increase the presence of trace
— Can provide sufficient runoff metals and nutrients
control to replace curb and gutter
in single-family residential
subdivisions and on highway
medians
— Economical

Structural management practices that do not consistently remove 80% TSS
— Low maintenance requirements — Often concentrates water, which Low

Vegetated filter
strips

— Can be used as part of the runoff
conveyance system to provide
pretreatment

— Can effectively reduce particulate
pollutant levels in areas where
runoff velocity is low to moderate

— Provides excellent urban wildlife
habitat

— Economical

significantly reduces effectiveness
— Ability to remove soluble
pollutants highly variable

— Limited feasibility in highly
urbanized areas where runoff
velocities are high and flow is
concentrated

— Requires periodic repair,
regrading, and sediment removal
to prevent channelization

Water — Provide high removal efficiencies — Not feasible for drainage areas Information not
quality inlet of particulates greater than 5 acres available
Catch basins — Require minimal land area — Only feasible for areas that are
with sand — Flexibility to retrofit existing stabilized and highly impervious
filter small drainage areas — Not effective as water quality

— Higher removal of nutrient as control for intense storms

compared to catch basins and

oil/grit separator
Water — Captures coarse-grained — Captures coarse-grained High, compared
quality inlet sediments and some hydrocarbons sediments and some hydrocarbons to trenches and
Oil/grit — Requires minimal land area — Requires minimal land area sand filters
separator — Flexibility to retrofit existing — Flexibility to retrofit existing

small drainage areas and small drainage areas and

applicable to most urban areas applicable to most urban areas

— Shows some capacity to trap — Shows some capacity to trap

trash, debris, and other floatables trash, debris, and other floatables

— Can be adapted to all regions of — Can be adapted to all regions of

the country the country
Extended — Can provide peak flow control — Removal rates for soluble Lowest cost
detention — Possible to provide good pollutants are quite low alternative in
dry pond particulate removal — Not economical for drainage area size range
with — Can serve large development less than 10 acres
micropool — Requires less capital cost and land — If not adequately maintained, can

area when compared to wet pond
— Does not generally release water
or anoxic water downstream

— Provides excellent protection for
downstream channel erosion

— Can create valuable wetland and
meadow habitat when properly
landscaped

be an eyesore, breed mosquitoes,
and create undesirable odors
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Regional, site-specific, and maintenance considerations for management practices (USEPA, 1993;
Caraco and Claytor, 1997; Schueler, in press)

Management Practice and Specifications

Cold Climate Restrictions
(Caraco and Claytor, 1997)

Arid and Semi-Arid Regional
Restrictions (Schueler, in press)

Size of drainage area: Moderate to large
Site requirements: Deep, permeable soils
Maintenance burdens: High

Longevity: Low

— Avoid areas with permafrost

— Monitor ground water for chlorides
— Do not infiltrate road/parking lot
snowmelt if chlorides are a concern
— Increase percolation requirements
— Use 20 foot minimum setback
between road subgrade and practice

— No recharge in hotspot
areas

— Do not treat pervious
areas

— Use multiple

pretreatment

— Saoil limitations exist in arid
areas

Infiltration trenches

— Avoid areas with permafrost

— No recharge in hotspot

Size of drainage area: Moderate — Monitor ground water for chlorides | areas
Site requirements: Deep, permeable soils — Do not infiltrate road/parking lot — Do not treat pervious
Maintenance burdens: High snowmelt if chlorides are a concern areas
Longevity: Low — Increase percolation requirements | — Use multiple
— Use 20-foot minimum setback pretreatment
between — Soil limitations exist
road subgrade and practice in arid areas
Vegetated filter strips — Small setback may be required — Use drought-tolerant
Size of drainage area: Small between vegetation

Site requirements: Low-density areas with
low slopes

Maintenance burdens: Low

Longevity: Low if poorly maintained

filter strips and roads when frost
heave

is a concern

— Avoid areas with permafrost
— Use cold- and salt-tolerant
vegetation

— Plowed snow can be stored in-
practice

Grassed swales

Size of drainage area: Small

Site requirements: Low-density areas with
<15% slope

Maintenance burdens: Low

Longevity: High if maintained

— Avoid areas with permafrost

— Use cold- and salt-tolerant
vegetation

— Plowed snow can be stored in the
practice

— Increase underdrain pipe diameter
and

size of gravel bed

— Provide ice-free culverts

— Ensure soil bed is highly
permeable

— Not recommended
for pollutant removal
in arid areas

— Of limited use in
semi-arid areas

— Ensure adequate
erosion protection of
channels

Porous pavement

Size of drainage area: Small

Site requirements: Deep permeable soils,
low slopes, and restricted traffic
Maintenance burdens: Moderate to high
Longevity: Low

— Only use on non-sanded surfaces
— Pavement may be damaged by
snow

plows

— Maintenance is essential

Filtration basins and sand filters

Size of drainage area: Widely applicable
Site requirements: Widely applicable
Maintenance burdens: Moderate
Longevity: Low to moderate

— Reduced treatment effectiveness
during

cold season

— Underground filters only effective if
placed below the frost line

— Peat/compost media ineffective
during

winter and may become impervious if
frozen

— Preferred in both arid
and semi-arid areas.
Arid area filters

require greater
pretreatment

Bioretention

— Reduced treatment effectiveness
during

cold season

— Pretreatment should be used to
prevent

“choking” of vegetation

Water quality inlets

— Few restrictions
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Management Practice and Specifications

Cold Climate Restrictions
(Caraco and Claytor, 1997)

Arid and Semi-Arid Regional
Restrictions (Schueler, in press)

Size of drainage area: Small

Site requirements: Impervious catchments
Maintenance burdens: Cleaned twice a
year

Longevity: High

Extended detention dry ponds

Size of drainage area: Moderate to large
Site requirements: Deep soils
Maintenance burdens: Dry ponds have
relatively high burdens

Longevity: High

— Protect inlet/outlet pipes

— Use large-diameter (> 8 in) gravel
in underdrain of outfall protection

— Consider seasonal operation

— Provide ice storage volume

— Cold-tolerant vegetation

— Preferred in arid
climates and
acceptable in semiarid
climates

Wet ponds

Size of drainage area: Moderate to large
Site requirements: Deep soils
Maintenance burdens: Low

Longevity: High

— Protect inlet/outlet pipes

— Use large-diameter (> 8 in) gravel
in

underdrain of outfall protection

— Consider seasonal operation

— Provide ice storage volume

— Cold-tolerant vegetation

— Not recommended in
arid areas and of
limited use in semiarid
areas

Wetlands

Size of drainage area: Moderate to large
Site requirements: Poorly drained soils,
space may be limiting

Maintenance burdens: Annual harvesting
of vegetation

Longevity: High

— Protect inlet/outlet pipes

— Use large-diameter (> 8 in) gravel
in

underdrain of outfall protection

— Consider seasonal operation

— Provide ice storage volume

— Cold-tolerant vegetation

— Not recommended in
arid areas and of
limited use in semiarid
areas
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Effectiveness of management practices for runoff control (adapted from Caraco and Winer, 2000).

Runoff Treatment or Control Median Pollutant Removal (Percent)
Practice Category or Type

No. of TSS TP OoP TN NOx Cu Zn

Istudies
Quality Control Pond 3 3 19 N/A 5 9 10 5
Dry Extended Detention Pond 6 61 20 N/A 31 -2 29 29
Dry Ponds 9 47 19 N/A 25 3.5 26 26
Wet Extended Detention Pond 14 80 55 69 35 63 44 69
Multiple-Pond System 1 91 76 N/A N/A 87 N/A N/A
Wet Pond 28 79 49 39 32 36 58 65
Wet Ponds 43 80 51 65 33 43 57 66
Shallow Marsh 20 83 43 66 26 73 33 42
Extended Detention Wetland 4 69 39 59 56 35 N/A -74
Pond/Wetland System 10 71 56 37 19 40 58 56
Submerged Gravel Wetland 2 83 64 14 19 81 21 55
Wetlands 36 76 49 48 30 67 40 44
Organic Filter 7 88 61 30 41 -15 66 89
Perimeter Sand Filter 3 79 41 68 47 -53 25 69
Surface Sand Filter 7 87 59 N/A 31.5 -13 49 80
Vertical Sand Filter 2 58 45 21 15 -87 32 56
Bioretention 1 N/A 65 N/A 49 16 97 95
Filtering Practices® 18 86 59 57 38 -14 49 88
Infiltration Trench 3 100 42 100 42 82 N/A N/A
Porous Pavement 3 95 65 10 83 N/A N/A 99
Ditches® 9 31 -16 N/A -9 24 14 0
Grass Channel 3 68 29 32 N/A -25 42 45
Dry Swale 4 93 83 70 92 90 70 86
Wet Swale 2 74 28 -31 40 31 11 33
Open Channel Practices 9 81 34 1.0 84 31 51 71
Qil-Grit Separator 1 -8 -41 40 N/A 47 -11 17

Shaded rows show data for groups of practices (i.e., dry ponds include quality control ponds and dry

extended detention ponds).
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Numbers in italics are based on fewer than five data points.
2 Excludes vertical sand filters

® Refers to open channel practices not designed for water quality.
TSS=total suspended solids, TP=total phosphorus, OP=ortho-phosphorus, TN=total nitrogen,
NOx=nitrate and nitrite nitrogen, Cu=copper,

Zn=zinc.

Costs of selected management practices (Claytor and Schueler

1997 - n'an21 nznn 7w 0" 'nn N2

1996; Brown and Schueler, 1997).

Management Practice Construction Costs® Useful Life (years) | Total Annual Costs
Infiltration basin®
Average $0.55/ft3 storage 25¢ -
Report range $0.22-$1.31/ft3 - $0.03-$0.05/ft3
Probable range $0.44-$0.76/ft3 - -
Infiltration trench®
Average $4.36/ft3 storage 10c -
Report range $0.98-$10.04/t3 - $0.03-$0.10/ft3
Probable range $2.73-$8.18/ft3 - -
Infiltration practices®
Average $2.99/ft3 storage - -
Report range $2.13-4.27/ft3 storage - —
Vegetated swales®
Established from seed
Average $7.09/linear ft 50e $1.09/linear ft
Report range $4.91-$9.27/linear ft - -
Established from sod
Average $21.82/linear ft 50e $2.18/linear ft
Report range $8.73-$54.56/linear ft - -
Porous pavement®
Average $1.64/ft2 10f $0.16/ft2
Report range $1.09-$2.18/ft2 - -
Concrete grid pavement®
Average $1.09/ft2 20 $0.05/ft2
Report range $1.09-$2.18/ft2 - -
Filtration basins®
Average (probable) $5.46/ft3 storage 25g -
Report range $1.09-12.00/ft3 - $0.11-$0.87/ft3
Probable range $2.18-9.82/ft3 - -
Bioretention practices®
Average $6.83/ft3 storage - -
Filtration practices®
Average $2.63/ft3 storage - -
Range $2.13-6.40/ft3 storage - -
Water quality inlet>"
Average $2,182 each 50 $164 each
Report range $1,200-3,273 each - -
Probable range - - -
Water quality inlet with
sand filtero,h $10,900/drainage acre 50 $764/drainage acre
Average (probable)
Oil/grit separator®"
Average $19,640/drainage acre 50 $1,091/drainage acre
Report range $16,370-$21,820/drainage - -
acre
Stabilization with ground cover®"
From existing vegetation
Average $0 50 Natural: $109/acre
Report range - - Managed: $873/acre
From seed
Average $436/acre 50 Natural: $131/acre
Report range $218-$1,091/acre - Managed: $900/acre
From seed and mulch
Average $1,637/acre 50 Natural: $218/acre
Report range $872-$3,819/acre - Managed: $982/acre
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Management Practice Construction Costs® Useful Life (years) | Total Annual Costs
From sod

Average $12,330/acre 50 Natural: $764/acre
Report range $4,910-$52,375/acre - Managed: $1,528/acre
Ext. Detention Dry Pond""

Average $0.55/ft3 storage 50 -

Report range $0.05-$3.49/ft3 - $0.008-$0.33/t3
Probable range $0.10-$5.46/ft3 - -

Wet Pond and Extended Detention

Wet Pond® $0.55/ft3 storage 50 $0.009-%0.08/ft3
Storage vol. < 1 million ft3 $0.05-$1.09/t3 - -

Average $0.55-$1.09/ft3 - —

Report range $0.27/ft3 storage 50 -

Probable range $0.05-$0.55/ft3 - $0.009-$0.08/ft3
Storage vol. > 1 million ft3 $0.11-$0.55/t3 - -

Average (probable)

Report range (probable)

Probable range

? Costs updated using the Bureau of Labor Statistics Inflation Calculator.

b Claytor and Schueler, 1996.

¢ References indicate the useful life for infiltration basins and infiltration trenches at 25-50 and 10-15
years, respectively. Because of the high failure rate, infiltration basins are assumed to have a useful
life span of 25 years and infiltration trenches are assumed to have a useful life span of 10 years.

9Brown and Schueler, 1997.

¢ Useful life is assumed to equal the life of the project, assumed to be 50 years.
fNo information was available for porous pavement. It is assumed to be similar to infiltration

trenches.

9 No information was available for filtration basins. It was assumed to be similar to infiltration basins.
" These practices do not meet the 80 percent TSS removal, thus it is recommended that they be

used with other management practices in a treatment train.
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STRUCTURAL CONTROL MEASURES EVALUATION

The selection of a structural control measure may be based on considerations other than pollution
removal efficiency. Vegetative surface controls can be used in a variety of settings, have relatively
lower construction costs and have less rigorous maintenance requirements. When a site is not
suitable for vegetative controls, the next structural control measure to be considered would be wet
ponds. The utilization of this measure is dependent upon land area availability for a pond and the soil
characteristics. Infiltration facilities have a good treatment potential but are constrained by site,
construction and maintenance requirements. The expected performance of various structural control
measures is presented in Table 4. Operation levels and pollutant removal percentages are based on
field studies, laboratory analysis, computer modeling and other theoretical considerations.
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Table 4 - Comparative Pollutant Removal of Control Structure Designs**
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Control Measure Pollutant removal **
Total Total Total Nitrogen Oxygen O; Metals | Bacteria | Overall
suspended [Phosphorous Demand Capability
solids
Extended
Detention Pond
Design 1 B D D C b Moderate
Design 2 A C D C B e Moderate
Design 3 A B D C B el High
Wet Pond
Design 4 B C D D D i Moderate
Design 5 B C D D B i Moderate
Design 6 A B C C B o High
Infiltration Trench
Design 7 B C C B B B Moderate
Design 8 A C C B B High
Design 9 A B B A A A High
Infiltration Basin
Design 7 B C C B B B Moderate
Design 8 A C C B A B High
Design 9 A B B A A A High
Vegetated Filter
Strip
Design 10 D E E E D e Low
Design 11 A C C B A e Moderate
Grassed Swale
Design 12 E E E E E e Low
Design 13 D D D D E e Low
Sand Filter
Design 14 B D D B Cc B Moderate
Grassed Swale
Design 15 A B Cc A B A High

** Pollutant Removal Key -

A) 60 to 80 percent removal

B) 40 to 60 percent removal

C) 20 to 40 percent removal

D) 0 to 20 percent removal

E) 0 to 20 percent removal

*** - Insufficient Knowledge

Design Key

Extended Detention Pond Design

1: First flush runoff volume (i.e., 0.5 inches runoff per impervious acre) detained for 6-12 hours.
2: Runoff volume produced by 1-inch rainfall detained 24 hours.

3: Same as Design 2, but with shallow marsh in bottom stage.

Wet Pond Design

4: Permanent pool equal to 0.5 inch storage per impervious acre.

5: Permanent pool equal to 2.5 x mean storm runoff.

6: Permanent pool equal to 4.0 x mean storm runoff; approximately 2 weeks retention.
Infiltration Trench and Infiltration Basin Design

7: Facility percolates first flush into underlying subsoil; 0.5 inches runoff per impervious acre.
8: Facility percolates 1.0 inches runoff into underlying subsoil per impervious acre.

9: Facility percolates all runoff into underlying subsoil up to the 2 year design storm.
Vegetated Filter Strip Design

10: 20 foot wide turf strip.

11: 100 foot wide forested strip with level spreader.

Grassed Swale Design

12: High slope with no check dams.

13: Low gradient swales with check dams.

Sand Filter Design

14: 0.5 inches of runoff storage per watershed acre with pretreatment detention.
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Peat-Sand Filter Design
15: 0.5 inches of storage and percolation into underlying subsoil per impervious acre.
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CONCLUSIONS
In order to effectively treat highway runoff, BMPs need to be incorporated early in the highway
planning and design process. Such design factors, as the type of proposed highway facility, local
watershed conditions, soil characteristics, surrounding land use, storm frequency, and receiving
stream characteristics are all critically important design factors that need to be incorporated in the
overall transportation planning process. Management practices to control runoff need to be practical,
suitable for the site and costeffective.
If proactive highway planning and design is initiated by the responsible transportation agency, the
deleterious effects of highway runoff can be significantly reduced, if not totally eliminated. Therefore,
water quality considerations should play a role in long range transportation planning and land use
planning activities.

D'NATAN 'AI0 NTAN
Excess fertilizers, herbicides and insecticides from agricultural and residential areas.
+ Oil, grease and toxic chemicals from urban runoff and energy production.
» Sediment from improperly managed construction sites, crop and forest lands and eroding stream
banks.
« Salt from irrigation practices and acid drainage from abandoned mines
 Bacteria and nutrients from livestock, pet wastes and faulty septic systems.
» Atmospheric deposition of airborne particulates.
* Household cleaners, used engine oil and fertilizers and pesticides resulting from improper
household management.
* Chemicals, debris, fertilizers, automotive oils and
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Managing Structural Controls to Reduce Mosquito-Breeding Habitat

This is a public health concern because mosquitoes are known vectors for disease-causing
arboviruses such as malaria, yellow fever, dengue fever, St. Louis encephalitis, and West Nile virus,
to name a few. The relationship between storm water management and mosquito breeding exists
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because the presence of standing and sometimes stagnant water facilitates the two aquatic stages of
a mosquito’s life cycle—the egg and larval stages.

Biological control can be achieved using various predators such as dragonfly nymphs and predacious
mosquitoes (Rose, 2001). Mosquito fish are the most commonly used agents for biological control
because they are easily reared, although they also feed on non-target species.

Other types of organisms that might be used for mosquito control include several fish types other
than Gambusia, as well as fungi, protozoans, nematodes, and predacious copepods.

There are steps that a storm water manager can take to reduce the likelihood that mosquitoes will
breed in storm water management facilities. From a design standpoint, most management practices
other than wet retention ponds are intended to drain within 72 hours. This is a safe drainage time
because mosquitoes need at least that long for their aquatic life stages. Additionally, Metzger et al.
(2002) found that several design features of storm water management practices contributed to vector
production, including the use of sumps, catch basins, or spreader troughs that did not drain
completely; the use of loose riprap that could hold small amounts of water; pumps or motors
designed to “automatically” drain water from structures; and effluent pipes with discharge orifices
prone to clogging because of their small diameter.

44



NIA [NX - 78w 'wd] 0NN nix'mal niyxa .5
xian 5.1

7751 021y2 DT DINNA NWYI NN NI 1'D DMPYN N0 N N 10 DNIERN 1702 XY yTnn
.D"NIEAN N9MAINTIYTI DMPRY NINIY NIXNINA IWYIY DIIWD DNPNNN 7¢ NNXRNNN NIX [IN271 0192 78wl

T DTV [ITIN 210NN NI'0IVORK 719'0 NIDIYA 7Y [11DN2 NI DM'VIINITA DNON [N DN D'A'Y7PRN D'RINN
MY NIXK? DNTONN NIMIYN DYZWNN NN AR 7Y MNTA 17707 1U9IRD 11N D' NITR INYNIN 78w
[19¥21 N'2YNN NON'RA NI NIDIR NIDIZN 7V DAIT D'YRPYUN TS NNI? NRTID'WTIN 4 — 3 7w n'on' nxy
2Y'? 'Awa NOOoINI 2"NX

NIDIYNY D'RNNN QT N'ON' DN 1IN DU'AWN AT DAY "7219'01 DR 7w NdIWN 2NN *2'01007RN 719'0N
J1'oN' M1 N AI71RN oImn YN [N T |11'0

™M 20 19X DDA " NYYIM -NIYt YW DN 7Y NIvXinn NIYpYnn DX 0027 ¥' 0T 2101 NTIaya D 1N
oWy '7'wi 1110 "N 0D'MNTA NZNNNA YPYUNYT 'RTIW MIM9-X NNINA NIXTI DIPNNN NN Y77 qon

7¥ NNYOXN NN UTNA [IN27 [N ,NT 210N D'ORND YIX'A NNA0N1 LD 7V N .01 TN 7¢ 0N 'ARYN NNavn
.0'YUDY NN'Y INNY D'YAI'N DX NITR NN

NN'0aN WK MY 25 Atn Nntpn ,MPNN DX 7Un? Ni7700 NIFM2ao NN 270 X' DR IT NN
.0'7M1N 7R MWL DN'OW oM 7Y a1 Yon |17 25- > T T 7Y yaRn 0'7nn o nidwnn

Dpnn 7y 771 y1n 5.2
(Filtration) ‘o

7901 D'M"PNN 12 V¥R T (1'0 T 7Y 0minm Nznan 7y 0'ooian DY 0MjNNA 0'Y'9INN DENnn
TV NIM7'9p  NIMYNN L,NpaT 07700 0t 2 "npm” 0nan

DMNIND DX "NTI70" NFANKIX IX DMK DA NDWN NINNSNNY NISX7 W' NDYNNA 0'M NNMT W DTNl
.n'oninn

D'’ 2-3 — D NPYNIN NIA'0101'N DWA NIDION 101N ,NXNNT7 WA MMPK TR 78IW DN DYPYNnn Y0wn
.0'ypwn X77 Niyiaw 1von onINN7I

017777 N712'N DT N'YWY NYZRNIVPA NINNSNINY 110 AT 719 NIPO0N [1'R N'ON' NINYPN NIV NISIPNN
.D'9'0YNNN D'MNTN

2V nyownn N710' N2 NN NINSY7 IXL['0I7NYT LYND 'A171'2N NIN'SN NX JIXVN 'ON'N WAI'DN NOIZN ,NINT NNIvY?
2N NIV QNN 0'9'0YWNA D'ANTAN TIDN

.0'MNTA NPNINA "'V DIIAD N'ON' NNIAA [12'0 NN AN DN DIPNNA TPNNN? W IT Anan IKY?

70T DDOYN NNITA OV D'MNTN DPZNINY 12NoN ,N'WN-NN N7 N0'Y ,D'PINN DRAXK 1NN 11'0N
NOYNI D'WIIY ,N'NNYX 7W NIN'D 12 W' IWKD NIIAY 1900 1NR7 ngniinnn 70%-27 yan'? n'710' yxnn
JINNIX IR DMK N2 N7 0Mnm Dznin

NN [11DN7 QIXYYT W' 271 DANTA NPNIN TINKEIRYTN 0NIY 2 YWpn DX 072NN Ry yT'n DI v
"2 DN NPNIN NIWOKRNN 7ITA 0119 NLW N7V

2v ox'n ( Reed beds) nnp 'Tan? nixonkn nvinix"naxa 2TVA -1 " EPA - "y 1D onjpnn
.01"7 n"0 3-5 - > 7w "IN D'ONIY

.0nynnn 9"y 80% - 60% — > 7w 0'D>Ya DN 7w N1rao AN 7907 n'y N 1'N 0T oniy

"yd NN 7y n"n 25 — > 7w nmir owa noiol "2IKNTN oniy n"o 4 — > Y IMVP7 0'wATIN (11'0N 'Nuwn
A" 7,500 — > 7w 11'o now DwNIT

.T2721"n 1,100 — 57 y'ar 11'07 wnTin nuown ,0m! 6-7 — > 7w NINAT NI DM'pPNNI AT

S"Undn nmMon" Ny NMaona Nnzn'? Nnanan L7 300 — 5> 7w N9I1a NI N> WATTN AT NNzna

n'NNnxn nyswn

V7 DTTNNT WATNW D9IZNYT DIARTI 'MAIY 002 7V 11N M NIMND 720 DR V1777 NITYIM 19X NIdMA

.OTA IX 0719 y¥N |12 707NN y¥n ¢ N2OW v nd™an N'MNNa

NN nimdn 30% v N1y N1'RENIM DYIY DD DMAT NENNNY 2'NNRYD 'WIIY DNINNY IXNN D{7NN
.0"M1I7M1 0"7T'o [1'0 7NN N'Y'D

D'1INNN DIPNAN 7Y '9IX7 DXNN NI'NYT N2MN DNN'NAY 1N D X D'NAY AI0 10119 X7 DT 7NN NNAoNa
.D'"Y20 O'RIND LY WA N 2100 21T N

Environmental protecting Agency !
Tennessee Valley Authorities 2

45



D' INYI D'INY

21N N'ON' A 121N A ,0NIY DAI0N DM'ONY'0 DAY TIDNY 'O W
.( Grease trap) [nwn NT2%7 DTNIM DIPNNYT NIXAN 'R D7IX XWIN DR DDA DIIWA DNDPNNa

NIT'RNAI NISTINN

SN nioTann"n 80%-27 yaant 710t n'nny 0y 07N 01ANA D' 7Y NIDSTINNN WY 71171 0'iIo1on '9Y
.(a-x 18 01191 nXO)

M7 n" 1750 n'nn N2 NIDSTINN LIT NTIAY IX?

.01 n"n 5.5 -5 n'nn nIdvTINNN DMWY win ,n"n 3-8 2 Nyl nmin 9N NISTINNN NINdIINRN

D7NNA [1DN% TI0' NNTan 5.3
"wnd nT'A™ DTN

anNa L, 22 (two lanes) n'™7170n 2 7ya XN wrdN T NTIAY nontnn 'R "wd NN 7w 00N 0Ima
2w ax'nn 12 'n 3.0 Yw 0w 091 ,wndn W mMnon 1T¥a 'n 2 v 0w 109 Tivi 0'7o0oxR 'n 7.0 7w 7Y
20N 12 e widn 7w TN Nwn 2NN 2"noal (6 wad nnaiT) whaon

. 6 wrad1 1D T N7VUN IX |12 NX'NN D' DA 012102 0'YRON 2

.3.0% — 7 0.5% "2 N wadn 7w DNikn ( gradient) vio'win

.2% i (cross fall or superelevation) 'm'xn yviorwn

120 DT 11N 7W NIXNAITA 19011 TNRNA NXRTI NINIPYA NI 097172 D'YA0 0WIS'WN D7YNNYT W' ayn IXY?
.nar

N9 T¥2 0N 2 — 1 121X'NN ¥ 0n 3 afr panni 3% 7w N 790X K77 DU7IUN YW VIDtwn

AR 7aipnd i 090K 19 7Y N1ann

2n 1,200 a'nr or7iwn 7715 wadn now 0 qon 1000 A "whaon Nt IR

TN QT MY 727 10 TR0 N7YN7 DATH DWANTE NI ¥ 130 WO 119 7V 1210 ' DYDY [RTY 0NN IR
2n 12,000 n'n' 121 0 AIWN IYY WD DTN NVY

PN 'O 70 WD W TI2IMN NITRN NIX 1DINA 7710 wdn DINn

D'ypwn? nNTan

NI NN XN N"R/AIN NIMd D WM 12IWK R 7Y 1IN0 TR DY IT NTIAY D00dNN 1'7Y NVWN KN
11'T2 'K ."2IYNN 071¥2 D'YXINNN D'oNIyNn N1 2.5 -3 '9 XIN 0'WdN 7Y onivn RYIY YIT IRwn
.DMATN NNNN DX NND7 N7 'K )27 'K L,NT 1NN W) DTN on'nl n"p/ao7n nimd 7y it vTn
12N DVNIDN TIDM N2 DDOYN NV N'YYN 072170 DNIVNI9] NYANWN DIZNAN "7TIa 21wn IxX?
.(8.3 n901 Da Nx1 (19 )) D'wdN M '9'VYNN NN DA

.6 'on w1 NOtal wnw N N 17 0N (85 190N wrad) NOX — DY WA (19X] 721 T TR

.Mwa n"n 550 X'n T NLYW XN NYXIMND DYRYAN NIND

NN'WN 7¥ 0MIONS 7Y 002NN O'YdNN *7'VN 1A1N ' NIND [TAIX? 0'01) YNWNY N'i'n 0'Ypwnn Nind
11996 — 1995 1"wn nuy7 on'nnn A7NTHN

46



|'Ixnd 190n"% 2yn D'Yj7Un NINd AT DN DYAN ' 190N N'7a0

]AT na waInn |'Y Dwan Nind Dignn oY
1 1 n"n 50 ( annual) may
6 4 n"n 25

15 20 n"n 10
49 49 n"n1.0
63 63 n"n 0.1
0 0 n"n 50 72N2n-12NVO0
1 0 n"n 25
4 3 n"n 10
8 9 n"n1.0
9 10 n"n 0.1
1 1 n"n 50 AN - NANXT
3 2 n"n 25
8 11 n"n 10
26 26 n"n 1.0
35 34 n"n 0.1
0 0 n"n 50 INn - Yn
2 2 n"n 25
4 6 n"n 10
15 14 n"n1.0
19 19 n"n 0.1

NN 7207 DXNNA XD D'YRPYND NRITN 'XIRD YXINNT NYjpnna N'NIY 21 N'V0'VVO NINANOoNA

D'Vj7yn n710

190'VLO % n'ypwn
50% o'y n"a 5Ty
30% o7 n"n 10 TV
12% DI'7 N"n 25 1V
5% nI"7 n"n 50 TV
3% ni'?7 n"n 50-n e
100% "nho

.TI'IN NDWNA NN NYIY NINd 0'ANIN 0I'7 n"n 5 — n NiNg 7w DYYpwNY X'D N'0'0a nNan
T17'30 NdYNY YN NMMIYN D'YRZYNN NINdN 'XNOY NIOYY Y'Y [KON



1"n 12,000 7w nvwa n"'71IW1 WO '7'ya 120 W N ap'o!o n'av

nyxinn 7'y 121 NniNn D'ypwn
N7 )W DI n"nS5Ty
nI'7 7"n 120 nI'7 n"n 10 1V
oi*? 7"'n 300 o'’ n"n 25 1y
nI'7 7"n 600 nI'7 n"n 50 TV
NIYN NXN nI'7 n"n 50-n "t
NNyN

[N DY NIYIT' .NIWA DYON NINS NYXINAN NNIMN'A0I NdIN1 NINDWA X 01'7 n"n 50 2yn 7w owpwn nind.1
NI7D' [I'R NIR NIATN NIMD ANe gR1 o7 n'n 120 Ty nyany 0'ypwn Nimd 0y NI NIRTN 0WA DNNYO I'N

. [11ONN NN wnwh

N9 NN K7 NOU7NIMN DNIND TWR DA™MD 72InM 7W TR DNIAA NN AN T 0'YPwn Ninda .2
.N71V 11'R DN IRYN DINT? (12'0N 271 DYWRYNN NINdY

SMIn-niut e ndawna 7370 1R n'7RO 0avn? 1on .3

X1 .01 10-7 1 X'D N'0O'VLON NNINAOY NINDD DI'7 N"n 50 YN YW D'YPWN NIMD YTAN IT NTIAY IX? 4
.M 50-"71 %yn ¥ n'vo'vvo NINa0a YTam o7 n"n 100 7yn DwpwNn NINd

'V 1210 ' NMMd 1wnY 0'0 NN IT NiNd .1"n 25 X0 Dypwnn NiMdw win "apn” o'vpwn ol .5
.01pnnn 7Tl

"y¥n" naTan

"WYY 0'0101 ,N'AI7IMI N'T'D ,0MN |11'0 'T* 7V o'mintn p'mn'7 ITPONY M71272 NIN 12'D 1T 0TIV y¥nn
.N'NNXN

.(00712) n"n 40 11 (wTY) n"n 12 2w nINwn 77122 0'NI7IT ]ARN NAXNA YXN YXN V¥

6 7w n91 "auvn 77 min 7pwna 20% — n N X7 77100 0rY0oI9NIR 170N 1YY AIXK 1IN (00ISNIFZ YN
n'"n

AN X7 7700 ,n"o 10 7y N7y 1'Rw 97122 091w 0y 7w 0N 7101 9w xin ((Pulverized bark) nta yxn
1" 6 7w n91 uyn 77T min 7pwna 20% —n

D'na™ NaTan

,(TP) "5 |n7 ,( TSS) n'onn o'y 775 07710 0'wD '9'0WNI DIZNNN 'S 7V INXNIY D'M7'Y D'NANTAN
.(Zn) yax ,( Cu) nwin ,( NOx) njsan ,( TN) 773 ji;an

P71 (1,2 nnyn 5.2 9'yo NX1) D'MI09A D'7217nN DNVAI9N 'D 7V NN D'Y7MIMN D'OTINN DIPNNN
nnim n'nn ,(Median pollutant removal) o'nnm 7w nyximn ngnan T 7Y 0'9'0WN1 719'07 N'I9X¥N DNI7'Y!
.(Ref 10) 4.3 q'voa ny'oinn n7107

D"72INNT'A-D"0Tn Dpnn 5.4
21y 721 ' 73y |pnn 5.4.1

[N 97X TIP'IN N7YNNn D'9'0YWNN ' NINMT MNZA7 Wnw'l TI7'IN N7YN KX¥IN2 OpIA' Y2'vn 1210 M D73y [pnn
JINITRD NNMTH NN 7R IR 719'00

[2 W'D IX IWUKD ,0''0N DPAY PN .17 M0 IX 121N M 7 piann X¥iN1a 795 012 A [pnnn Digm
9011 RXIN [N, TNIMA YR 1N 0NN IRXIN

NNY T Y 719'00 NIDAYN 7R DYYNT7E N7YNNN 0N NNAT NN DR DY KIN DT [N 7Y 1T'PoN

N0 T 7Y 719'0N [PNN NN'MO DR YIINYT 1D 7IN1 AR Ypw71 ,NnMTn NRANIX

,(stilling pond) nupwn no>Ma ,( weir) wan ,0mn N7AR 19Wn 7 0770 12 12021 (102N 1N DY [PRRN

. (conveying channel) 719'0n 1NN NITA7 'Y IR D7VNI (apron) 1I'o

48



JINIT'EN1'NAIL VIR'WN D2 0RARDT7INN Y MY (1792 TN [PNnn DRIthn

.N'I9XN 721N ' NP'D0 'S VI TRIINN YRAIdN NUY 1IN 'S 7V NUWA 1YAR' [7NNN NITN
.OXNN] [7NNN [N ,NAIXN Y URAD7 D'DO9WIN D'NANTA 7¢ DMAI7NT'N IN DMAIZIPX D120 W' DN DN

(Runoff water inlet) "7'va 22120 ' n7ap% "2IkdTa-'0MA [pNn

|Pnn?

| I><\

an'o
n>M
noupwn
D'V DN
D" RXIN ANTYY nVwa N1'oN
Y npmy 720 0y 'm 1.50 Ty D2, 'm 2 701Na 1van 091 T Y 0'nN N"'oNn
A2 0y ning'? 'n 1.2 pniy ,n"o 50 anna [l W'7an
.n"0 60 iy ,'a X 2.0 1.20 7w *m1m nowa [[Eaablakt
oy 'n 1.20 anni apmy nxp g oy m 3.0 Tv uxa ((apron) "o N2'aN XN
.DITN NLPWN? NIV
L19'00 [pnn X NXIN N7yn
Ny |TIx
5,000 79V NITAY .1
w 20,000 [I'TI oA NITIAY .2
w 10,000 N¥In n7yn .3
(yxm oY M2 —n"va) @ 17,500 45% n"yni n"¥a nrromn nionyn .4
v 52,500 >"no

n/w 52.50 :wd (X"N) X 0N NI IR

49



nixX'Mmn - 0'Yd ¥ 721 ' 71907 nnpnn 5.5

(Extended detention pond and wetland) pin' jax oy n'awn nd>mMa 5.5.1

nn"aT 0'YAn

rimia “I-..m—>

Y'ad

NN Nd>Ma %

v

7' AN

2INT'N NO0D 7NN

TIj7'2N N7YNN RXIN

QoXnN 'NNn NI

NNITX TI'1 NdwNY /

(Retention Pond) a'hwa no>mMa

2NA7 71D'W 12T, PN AR TR NI TIRATI 0Ny Y7 T3 0'n NNt DX NoI7 XN DYNNn N> Naon
10 — 7 19 n7'00'VLOA DWA NWO 7w 7'V 7217 D'RNNN N9 N'NN N2NAN .719'0N NID'RA N2 ANNSN
.0

.DIV'R MY NOIXN NN MI9N NTXNA ND™2AN .19V NITZI0 7w 17'1 NY'9N NU'YA NIAN N'NYN NDNA
JNIN'Z OWA NOI0 17NN2 N2NAY7 02T yianY 1> 0NN NY'22% NN9 N ndNan 7w [1'vn np7na

D'YPYNN 11IN1 DX NNX AT PTY? W' :nnwn) .o ' 300-> 7w nimda 7'y 121 Np'o07 N11dINN ndNan
.(017"9N |PNN NNPN7 D'YA TWUKRD

7w N'DMAIN'AT 775 1N T2 NN'RNN WK WRDN 7V TI7YN DDV RXIN T'7 775 0T N imton ndyn nipn
IX 701N ,"TRIN TN D' INATA W N'Yaun NDWNY D'NVYNN 72 DX T2 WRI0N [1NNY XD NN ITRD
.0'n 7X TIzn Nun

nJ"an Nilan

n>Man n'nnna .0.5% v yvio'wa nTirn nennni 1:3 7w 0'wi19'wa Niv710 Ny I7mi nond YA NdNAN
naT iwn PVC — n 2wy nfan Dio'Rn Ny .oiotRn Ny pr nyan? n"o 10 7w 2in n1dw aan
W NN IR "X npooxa n"n 1.0 Y ava (HDPE) 7'nx*719 nyar Ix "0079121n" nvinn niyn
TN 71 71N 9w n"o 5 — 2 19NN nvNn

A5 axnyviow (1:3 Mo viow L'm 2 At fmnmin 07700 ann

19TIV DTN IR NMYOXRNN [7'NIRYTI9 DY IR (1021 1120 DN DYHY27 220N DN NdN2an Y ifvn npna
DTN IR YORT 272 X797 1'Yya0n 1170 Ndvn X 0nn

N> KXIN

50



7w N9y Dy n"n 160 — 75 7w 1012 INN YI'YN 207N YN0 Innn 7vn n'"o 10 A ndMan Kxin
NN DX 727 T AR QD' 0N (12'0 X' WLTN Ny 1Nun D 2yn n'o 40 7w naiya waT AN
2n /12200 Yw 70070182 Ny A'7ui n"0 5 7w 7In N2OWA TONN QYN .AWNTA AN

NIo'll Nn'nYn N> - 01DV D1IN)

?"n 300 N2"2N N9
'mn X40 20 n>Man 'mm
'n1.4 0'nn iy
'n2.0 1275 Nd>Ma jmiy
MIN'V NITA
— N 4

nrwy [TIx
m 15,000 nan nn .1
m 20,000 19y NITAY .2
m 30,000 TI9"MI DIV'X .3
m 10,000 on'n nw'a 4
m 15,000 1M712712 Y¥n NO'VYI RXIN 1Y L5
m 20,000 NIYALITA .6
o 49,500 45% n"yni n"¥a niromn nionyn .7

w 159,500 angn ni?y >"ho

'/ 159.50 :wrd IR YVNn? NIV [TRIX
(Surface / vertical Flow Wetland) n'7'y nn"ra pine |ax

21N |aRn YN X0 y¥nn nin .1"o 40 — > 7w yxn pnivi n"o 100 — > 7w 7niva 2T QDA NN 70 AR
7w Mpna wnw? 215 yxnin 7un ji'vn 7900 .0.5% — > xin nrnnnn vio'w .n"n 20 — 12 7w T2 nromit
MNN 'Y W PN [ARD 79 RX¥IN .0 3 XN 7N AR D'YN AT .0'MNN 270 DIRY NIINZ DWA NDI0

D'x¥N1N 0'nTAa 790n [pnnn .(Vertical flow) noax ix (Surface flow) n'27y nnMt 7w a1on Xin 70t [akn
AA1710 12'01 'T'9 12'0 NIMPY NIV'Y MY T 7Y "'y 1210 'a

DWAN NISIO AW WAI'N NIDIZN A7V 7221 KNI DINK DNTIAIRNZMI NIMOVPZA T 72V nwyl 217N [1'on
.Y'i72 NDINRN WD N9IPNI Q1IN

T2y MavoINn 11'on NIx .n"n 20 — 12 7Taa y¥n n7¢ napna — 201 y¥n 0T 0N DDA TN 11'0d

1D N7y 0PN NITYn VIR ,Y¥NT NpaTn i0'Y70n 150N

D'NN KX

'Y DN AT Y YNNI AR DAMIT (D7 ¥ DRINAY 11NN 11X KD PN [ARNN DN RXIN
{7707 119'0N T'PON JARN N2 YXNN 07910 NAIAQ DIX II'Y 7Y YOR 201N 1'7W,07 YINNn 78 077100 0T RXI'Y
1D 102 19*x¥ oy PVC 11a'¥n 1wy (19100 .'yaon TN 78 NNV NNIX2 YN [1'0 DX NAYW D'AN '9TIY DX
.DIYN NIK? NIT'NY N'LanY?

21N 22100 1R [19'0NY DIN'N NINNT? U220 [N i aRn v i'vn 7702

51



n'7910nn oM p1'7'o

NIN7 270" IT NN .NNITRN TN NDWNYT DYYINNI D' [ARNA N'Y0020 DRYIE 719'00 NIX N2YY D'Rn
NN2ANNNNY )2 DIPNAN DX [1DN7 X' DT NN N9'RYN .TI71 N7YN 21 NNTON INX IX VA0 " TRI YNY

D'Mmn DT

MINN 'Y

—>

1<

TRy 'T09n X72 NN NN IT NOwnY

71N JAXI NIO' MDA

70 AN
nwa nun

)

VT

219'0 DTP VI'Y MDA

52

<

e o
B R R

I7'L‘J0|7L‘JIN') T5 ny!

M, AREAAN
LW a% _>
LA ] LW ]
L | [ | L [ |
DM RXIN
n'"7910nN
'Y¥N NN 71712
D''120 DN - 71N AR
"n 45 NIO' NX NI Nj?'90
nI/A"'n/n"o 4 IRTT' only
1"n 1,150 YT 019 NLY
n"o 40 yxn pniy
n"o 30 yxnn 7yn 71 iy
n"n 20 UNATAN 77712 .01719 210N YXN v¥n

[7'NR™MI9 DIV DY

n"n PVC @ 160 NXXINI 0D NMX
Ny [TIx

m 30,000 ni7710 17 n'on N9y NITAY L1

m 80,000 TI9MI DIV'X .2

m 85,000 yxn vyn .3

m 15,000 nay .4

m 3,000 anny .5

m 20,000 7721 DN N2 NN .6

m 104,850 45% n"vnl n"¥a nrromn nionvn .7

w 337,850 >"no

.'n/ry 337.850 :wd YIX 0N NI | TRIX
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(Upgraded natural wetlands & shllow marshes) niaamiwn niryao nipma 5.5.5
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Asphalt — v'790x
Basin - |ax
Best Management Practices (BMP) —aum 719'07 najpnn
Bioretention — n>"1a ndNx nw T Y DNt 7w a1 pi7o
Bitumen - v790x
Compost filter socks — voionip 7w |11'0 "71INY
Concrete - 102
Conveyance — 1>1 ,n7a1n ,NNavn
Diversion — 11 12'¥ ,n7yn 7% 7nan o' n1avn'
The taking of water from a stream or other body of water into a canal, pipe, or
other conduit
Dry basin — war ax
Erosion - qno
Estuary — o' w7 qow
Exfitration - nnTxN M7 0'02n MIn 0T oM |11'0
When water is allowed movement through the base material and into the soil
underneath
Filter strips — |11'0 '09
Forebay - [7nnn 197 0'ypwnin NT'D%7 0'Mn N0 NNO9A qIOR ITX. -
An extra storage area provided Near an inlet of a BMP to trap incoming sediments before
they accumulate in a pond BMP.
Grassed swale — XUT IX N'NnY DY NYAR DM
Highway — 'nn v
Measure - |7nn ,'vx¥nx
Mulch — ota ,n22a ,wp?
Pollution, water pollution 0'M DIN'T -
Polycyclic aromatic hydrocarbons (PAHS) — 091 PIn'® XN — 0*9j'x719 D"ONINK DAIAPZNTN
Roads - n'wrd, oo T
Runoff — 7'y 721 ,qrown
Pavement — nyvom ,n>1n
Sediment - ypwn
Stormwater — on1 27w IX DWA ,NNRIDLY M
Structural control measures — o'mn DT 7V NYpPAY DU72IKNT'D DNDAN
Sustainable Drainage Systems (SUDS) - xn'j7 -niN2a 11721 Nidwn
An alternative, sustainable approach to managing surface water runoff, which
strike a balance between the management of surface water and the need to
conserve natural resources and ecology.
Swale - "'y 1210 'n DNAN1 N2 A7YN IR DN
An artificial depression excavated to carry water across a region during times
of rainfall
Total Suspended Solids - (TSS) — n'osnamn o'z¥mn 22 70
Vegetative Filter Strips (VFS) — n"nnx |11'0 '09
Weir — whan ;100
Wetland , Constructed wetland— 710 ax
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NIY 1IN'0 NINNA D'ANTA D'ZNNIN 12 WK 21711
Wildlife habitats — n'nnxi,0"n "7v2 Yw Nn'yav n"'n N2'o
1 foot = 0.3048 meters
purification - 21n'o
treatment, management — 719'0
pollutants - o'nnm
installation, device, facility — |pnn
neutralization — 7nvn
cleaning — 11
dissolution, decomposition — pin'o
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