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Stormwater BMPs Introduction

. INTRODUCTION

The South Florida Water Management District (District) has prepared this
document to in¢rease public awareness about the management of urban stormwater runoff
and how best management practices (BMPs) can be used to improve water quality. The
document provides a general overview of stormwater runoff, the sources affecting water
quality, and what can be done to_improve the quality of stormwater discharges. This
document serves as an important educational tool designed to describe the various

‘opportunities for improving water quality in urban areas of South Florida.

. OVERVIEW: STORMWATER MANAGEMENT IN
URBAN AREAS o

Background

Rapid urbanization impacts natural flowways and affects water quality and
quantity. As an area develops, undisturbed pervious surfaces become impervious due to
the construction of parking lots, buildings, homes, streets, and other structures. This
increase in impervious surfaces results in increased stormwater runoff, which is the water
that flows over the land during and immediately after storm events. The increase in
stormwater runoff disrupts the natural balance of physical, chemical, and biological .
processes. It causes pollution in natural systems and results in soil erosion that creates
damage downstream. It reduces the infiltration of water into the ground. In addition, the
increase in runoff discharging through existing drainage systems may cause flooding.

In the past, conveying water off-site in the shortest time possible was a standard
measure for flood protection. Today, more emphasis is being placed on the environmental
impacts and effects of drainage systems and urbanization in general. Communities have
implemented management practices for the development and redevelopment of projects to
ensure that peak stormwater discharge rates, volumes, and pollution loads leaving a site
are minimized without compromising flood protection. This can be achieved through
stormwater management plans that provide for surface water drainage, flood protection,
erosion and sediment control, aesthetic enhancement, recreational opportunities, reuse of
water resources, and the reduction of pollutants through BMPs.

Nonpoint Source Pollution

Much of the pollution in waterways is caused by “nonpoint source” pollution as
opposed to “point source” pollution. Point source pollution, such as discharges from
factories or other industrial facilities that discharge wastewater, is typically thought of as
causing surface water pollution. Due to more stringent regulation of these point sources of
pollution, their contribution to water pollution has greatly diminished. Now, nonpoint
sources of pollution can sometimes contribute more pollution in comparison to point
source pollution.
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Nonpoint source pollution is described as stormwater pollution that results from
the accumulation of contaminants from land surface, erosion of soils, debris, increased
volumes of stormwater runoff, atmospheric deposition, suspended sediments, dissolved
contaminants, and other anthropomorphic contaminants. It is sometimes difficult to
differentiate between a nonpoint source and a collection of many smaller point sources.

Stormwater Best Management Practices- —~ - ==~ - -

A stormwater BMP is a method or combination of methods found to be the most
effective and feasible means of preventing or reducing the amount of pollution generated
by nonpoint sources to a level compatible with water quality goals. Problem assessment,
including technological, economic, and institutional considerations; examination of
alternative practices; and appropriate public participation, are all considered before
implementing BMP solutions. The following three principles apply in the improvement of
water quality through BMPs: ‘

= Prevention......Avoiding the generation of pollutants
* Reduction......Reducing or redirecting pollutants
* Treatment......Capturing and treating pollutants

Methods for controlling pollutants in stormwater runoff can be categorized as
nonstructural or structural practices. The two methods are often used together to control
runoff in new developments, existing developments, and construction sites.

Nonstr_uctural BMPs

Nonstructural BMPs are practices that improve water quality by reducing the
accumulation and generation of potential pollutants at or near their source. They do not
require construction of a facility, but instead provide for the development of pollution
control programs that include prevention, education, and regulation. These can be
classified as follows:

« Planning and regulatory tools

* Conservation, recycling and source controls
»  Maintenance and operational procedures
* Educational and outreach programs

Structural BMPs
Structural BMPs involve building an engineered “facility” for controlling quantity
and quality of urban runoff. These structures treat runoff at either the point of generation
or the point of discharge to either the storm sewer system or receiving waters. Most
require some level of routine maintenance. Structural BMPs. can be categorized as
retention systems, detention systems, or other systems.
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Although the basic principles of managing stormwater remain the same, they
should be uniquely adapted to the special requirements of each project. It should be
understood that no one BMP can be the “cure all” for a particular project, but if several are
used together in a linked fashion like cars in a train (a “BMP treatment train”), adverse
effects of urban stormwater runoff can be reduced or alleviated.

A careful assessment of stormwater management conditions should be made
before choosing & System of comprehensive BMPs. First, potentiat pollutant sources and-
“high risk areas of pollufion must be identified. Then, the magnitude of the problem must
be evaluated by monitoring and analyzing runoff to determine the amount and type of
pollutants in terms of concentration or load. Understanding the source, amount, and
characteristics of pollutants in stormwater runoff is essential in applying a screening
process for selecting appropriate BMPs. Additional stormwater management resources
can be found at the District's web site: http://www.sfwmd.gov.

[Il. SOURCES OF POLLUTANTS IN URBAN
~ STORMWATER RUNOFF -

Common pollutants found in stormwater runoff come from the following major
sources: ‘

« Construction Activities: Although relatively short-term, soil erosion
from exposed land during construction activities is a major source of
suspended solids in stormwater runoff. While most of the pollution
consists of turbidity from earthwork operations, hydrocarbons from
extensive use of large machinery and vehicles are also a major concern.
Due to the proliferation of construction activities at any given time, the
implementation of short-term pollution prevention measures and BMPs
is critical. ’ ‘ -

» Agricultural Activities: These opefétioﬁs, which inclide farming and
nursery activities, as well as equestrian comimunities, are a major
source of pollutants in the form of fertilizer, animal waste, and soil
erosion from exposed areas. ’

« Street Pavement: As roads degrade, surface components become
common constituents of urban runoff. The largest is the aggregate
material itself. Also, smaller quantities of contaminants originate from
the asphalt binder, fillers, and substances applied to the surface by daily
traffic.

«  Motor Vehicles: Vehicle use creates pollutants such as fuel, Iubricants,
tire particles, brake linings, dust, exhaust emissions, asbestos, and
heavy metals that collect on roads and in parking lots. Other
constituents, such as organics, nutrients, and suspended solids, can
adhere to vehicle surfaces and then be washed onto roads by rain and
splashing.
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* Atmospheric Deposition: Atmospheric contaminants such as dust and
particles from industrial processes, and dust emissions from planes,
cars, and exposed land fall on the ground and become mobile in runoff
during a storm event.

* Vegetation: Organic matter such as leaves, grass, and other plant
materials fall or are placed in areas where they can be carried away by
stormwater runoff. They can become aTarge contributor 61 ¢ orgamc and
nutrient pollutants.

* Land Surface: The type of land cover and amount of vehicular and
pedestrian traffic in a particular area have a direct impact on the amount
and type of runoff generated.

- Litter: Various kinds of litter, such as food containers, packaging
materials, and landscape vegetation, can float in runoff and prevent
structural controls from operating properly. In addition, animal
droppings have been shown to be a contnbutor of nutrient and bacterial
contamination.

= Chemicals: Chemicals, such as fertilizers, insecticides, and herbicides
used on agricultural fields, roadside areas, and yards, contaminate
surface and ground waters.

* Wastewater: Contamination from wastewater may occur if septic
tanks or sanitary sewer systems overflow during local flooding.
Improper connections between sanitary sewers and stormwater
drainage systems may result in discharge of laundry or sanitary waste
to drainage canals. :

I[V. CONSTITUENTS OF POLLUTANTS IN URBAN
STORMWATER RUNOFF

This section describes common pollutants found in urban stormwater runoff. Each
pollutant has a specific adverse impact on the health of our waterways and environment. A
summary of pollutants, sources, and their impacts is provided at the end of this section in
Table 1.

Sediments

Sediments are solid materials originating mostly from disintegrating rock, eroding
soil, and/or accumulated organic material deposited on the land surface. Suspended
sediments contribute the largest mass of pollutants to surface waters and cause both short-
and long-term impacts. Sediments clog waterways, smother bottom living aquatic
organisms, and increase turbidity. These conditions are monitored by measuring settleable
solids, total suspended solids, and turbidity.
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Immediate adverse impacts include increased turbidity, reduced light penetration
with decreased submerged aquatic vegetation (Chesapeake Bay Local Government
" Advisory Committee, 1988), and reduced prey capture for sight-feeding predators. Also,
fish and aquatic invertebrate respiration is impaired, and reduced repraduction results in a
decline of commercial and recreational fishing resources. Heavy sediment deposition in
low-velocity surface water may result in smothered benthic communities/réef systems
(Buck, 1991), increased sedimentation of waterways, cha.nges in the composmon of
bottom substrate; -and-degradatrorrof aesthetic-value. --——- - -
Chronic effects may occur where sediments rich in organic matter or clay are
present. These enriched depositional sediments may present a continued risk to aquatic
and benthic life, especially where the sediments are disturbed and resuspended.

Nutrients

Nitrogen and phosphorous are the principal nutrients of concern in urban
stormwater. In excess, they increase primary biological productivity and may cause
unwanted and uncontrolled growth of algae and undesirable aquatic weeds. Surface algal
scum, water discoloration, and the release of toxins from sediment may also occur. The -
major sources of nutrients in stormwater are urban landscape runoff (fertilizers,
detergents, and plant debris), atmospheric deposition, and improperly functioning septw
-tanks (Terrene Institute and USEPA, 1996).

Heavy Metals

Heavy metals originate from the operation of motor vehicles, direct fallout,
mdustry, and degradation of highway materials. The most abundant heavy metals typically
found in urban runoff are lead, cadmium, chromium, copper, mercury, and zinc. Lead,
zinc, and copper account for approximately 90 percent of dissolved heavy metals (Harper,
1985). Except for copper and cadmium, the majority of metals are present in particulate
- form. These substances disrupt the reproduction of fish and shellfish. In addition, heavy
metals accumulate in fish tissue, posing a threat to humans. Another human and
environmental threat is the potential for ground water contamination.

Oxygen Demanding Substances

Numerous organic materials are decomposed by microorganisms, thereby creating
a need for oxygen. Oxygen consumption during this process results in an oxygen deficit
that can kill fish and other aquatic life forms. Data have shown that urban runoff with high
concentrations of decaying organic matter can severely depress dissolved oxygen levels
after storm events (USEPA, 1983). Proper levels of dissolved oxygen are critical to
maintaining water quality and aquatic life. Oxygen demanding substances found in urban
stormwater can be measured through biochemical oxygen demand, chemical oxygen
demand, and total organic carbon.
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Petroleum Hydrocarbons

Petroleum hydrocarbons are derived from oil products. They include oil and
grease, the compounds benzene, toluene, ethyl benzene, and xylene, and a variety of
polynuclear aromatic hydrocarbons. Some petroleum hydrocarbons are known to be toxic
to aquatic life at low concehtrations. Hydrocarbons have a high affinity for sediment, and
they collect in bottom sediments where they may-persist for long periods -of time and
result in adverse impacts ou betithic commitmities:The source-of most -such pollutants-
found in urban runoff is parking lots and roadways, leaking storage tanks, vehicle
emissions, and improper disposal of waste oil.

Pathogens

Urban runoff typically contains elevated levels of pathogenic organisms such as
coliform bacteria and viruses. Pathogens contaminate surface and ground water
preventing swimming in water bodies, drinking from certain water sources, and harvesting
of fish. This problem may be especially prevalent in areas with porous or sandy soils. The
Terrene Institute and the United States Environmental Protection Agency (USEPA) (1996)
reported that the primary sources of pathogens in urban runoff are animal wastes
(including pets and birds), failing septic systems, illicit sewage connections, and boats and
marinas. :

Toxics

Many different toxic compounds (priority pollutants) have been associated with
urban runoff. National urban runoff pollutant studies indicated that at least 10 percent of
urban runoff samples contained toxic pollutants (USEPA, 1983). Synthetic organic
compounds that are toxic include a variety of manufactured compounds covering
pesticides, solvents, and household and industrial chemicals.

In sufficiently high concentrations, detergerts and similar synthetic organmic
surfactants can interfere with the respiration of fish and other aquatic animals. The
presence of detergents indicates there are either improper discharges into the stormwater
collection system or that wastewater is entering through overflowing sanitary sewers or
septic tanks. Detergents also indicate that loads of nutrients in stormwater may be
significant as water conditioning chemicals are generally phosphate-based.

Others

Impacts not related to specific pollutants can also occur. These impacts can be
caused by changes in the temperature or physical properties of the water. Changes in water
temperature affect some important physical properties and characteristics of water, such as
specific conductivity and conductance, salinity, and the solubility of dissolved gases.
Water holds less oxygen as it becomes warmer resulting in less oxygen available for
respiration by aquatic organisms. Higher temperatures also increase the metabolism,
respiration, and oxygen demand of fish and other aquatic life. Water temperature changes

6
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can result from increased flows, the removal of vegetative cover, and increased amounts
of impervious surfaces. Alkalinity, dissolved oxygen, pH, hardness, and conductivity can
also affect the behavior of materials in water. Metals generally become more soluble as pH
drops below neutral and hence become more available to harm organisms (bioavailable).

Depleted dissolved oxygen can also make some metals more soluble.

o Table 1 Pollutants in Stormwater Runoff

Pollutant Source Impact to Water Body

Sediments Eroding rock, soil, or organic material from -1 Clogged waterways, increased turbidity, and
building sites, streets, and lawns reduction of bottom living organisms

Nutrients Nitrogen and phosphorous from landscape runoff, | Unwanted growth of algae and undesirable
atmospheric deposition, and faulty septic tanks aquatic weeds, scum, and water discoloration

Heavy Metals Lead, cadmium, chromium, copper, mercury, and | Disruption of fish reproduction, fish toxicity, and
zinc from vehicles, highway materials, potential for ground water contamination
atmospheric deposition, and industry )

Oxygen Decaying organic matter Death of fish and aquatic life forms

Demanding ’ .

Substances )

Petroleum Oll, grease, and various hydrocarbons from roads, | Texicity to aquatic life and adverse impacts on

Hydrocarbons parking lots, leaking storage tanks, and improper benthic communities

_ {oil dispo;al
Pathogens Coliform bacteria and viruses from animal waste, | Contamination of swimming, fishing areas, or
: septic systems, sewer cross-connections, and drinking water

boats and marinas -

Toxics Pesticides, solvents, and chemicals from Iawr_\s, Interference with respiration of fish and aquatic’
gardens, and commercial and household activities | life forms

Others Changes in the temperature or physical properties | Increased oxygen demand by fish and aquatic

‘ of water life forms and increased availability of toxic
elements that harm organisms

V. METHODS OF QUANTIFYING POLLUTANTS IN .
URBAN STORMWATER RUNOFF

Water pollutants can be quantified in terms of concentration or load. Concentration
provides a method for comparing different storm events and relating one site with another.
Loads are used to make relative comparisons of the same site and predict potential impacts
and pollutant attenuation capabilities of various stormwater management practices.

Concentration

Concentration is the mass of pollutant per unit volume of water sample taken at a
particular point in time. It is a static test to measure pollutant content. The amount of
pollutant transported by runoff has been shown to vary considerably during each storm
event as well as from site to site. A given site may produce different pollutant
concentrations due to variability of rainfall intensity, frequency of the rain events, soil
types, land uses, weather patterns, and intensity of watershed activities (Harper, 1999).
Concentrations are usually expressed as milligrams per liter (mg/l).
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Because of the difficulty in characterizing pollutant concentrations during dynamic
flow conditions, the accepted practice is to determine an event mean coricentration. This
value is found by analyzing a single sample composited from a series of samples taken at
different points in time throughout the runoff event and combined in proportion to the
flow rate at the time of sampling, or by calculating the total pollutant mass discharged
divided by the total discharge volume. Event mean concentration is generally accepted as
the primary estimation of a eharacteristic pollutant concentration for individual storm
events. This provides a methiod fot compating different Storm events and relating ome site
with another. A good deal of research has been conducted showing the Tirk between land
use and water quality. Table 2 shows national data for median event mean concentrations

by land use category.

The interrelationships of rainfall runoff and soil erosion processes are dynamic and
complex. Through research and a sound understanding of hydrologic processes, simple
assumptions can be made to produce reasonable and practical runoff and soil erosion
estimates. Figurel shows typical pollutant concentrations in stormwater runoff
throughout a storm event. Most pollutants are flushed at the beginning of a storm event.
Runoff then accumulates slowly and peaks over time.

Table 2. Median Event Mean Concentrations by Land Use Category?

Open/

Pollutant Units | Residential | Mixed | Commercial NonF:eran
Soluble Phosphorus pg/® 143 56 ‘ 80 26
Total Phosphorus . ng/l . 383 263 201 121
Nitrate-Nitrite ug/l 736 558 572 543
Total Kjeldah! Nitrogen pg/l 1,900 1,288 . 1,179 965
Total Nitrogen _ ug/l 2,636 | 1,846 1,751 1,508
Biochemical Oxygen Demand mg/l 10.0 7.8 y 9.3| -
Chemical Oxygen Demand mg/l 73 65 57| 40
Total Suspended Solids mg/l 101} &7 69 70|
Total Copper pg/t 337 27 29 -
Total Lead ng/l 144 114 104 30
Total Zinc g/ 135| 154 226 195

a. Source: USEPA, 1983
b. pg/t - micrograms per liter
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Figure 1. Pollutant Concentration during a Storm Event

LLoad

Load is the mass of pollutant delivered to a receiving water body during a period
of time. It associates concentrations of a pollutant to a volume of runoff at a given specific
flow duration. Loads are usually expressed on an annual basis as kilograms per year, and
are used to make relative comparisons of the same site.

Evaluating pollutant loads on a mass basis provides further insight of potential
impacts than might be obtained from evaluating concentration data only. Knowledge of
.mass loading rates also provides an understanding of pollutant attenuation capabilities of
various stormwater management practices. Estimating cumulative (usually annual)
pollutant loads for a watershed can be achieved by using the following types of data:

= Published yield values
*  Simple empirical models
* Published regression equations

= Computations from site-specific or modeled flow data and either local
or published concentrations.

» Computer generated, mechanistic models

" Many studies have documented a general order of loading from urban land uses.
This order, from highest to lowest, is as follows, industrial and commercial, freeway,
higher density residential, lower density residential, and open land. However, construction -
phases can produce far higher loads of solids and pollutants in soil, like phosphorous, than
in any finished land use.
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VI. FEASIBILITY SCREENING FOR URBAN BMP
‘ SELECTION

Selecting appropriate BMPs is an intricate process requiring thorough study and
research. Success will ultimately depend on choosing feasible optionsthat specifically
address project conditions and objectives. A comprehensive management program should
include a combination of structural and nonstructural components that are properly
selected, designed, implemerted, inspected, - and regularly maintained: Whether
implementing BMPs to meet regulatory requirements, address water quality issues in a
watershed, or attack acute local pollution problems, the project should be evaluated for the
following factors through a feasibility screening process: o '

* Physical and technical limitations

* Pollutant reduction capabilities

*  Cost considerations

*  Supplemental benefits/side effects

« Public acceptance

Physical and Technical Limitations

Watershed Area. The size of the area generating and/or contributing to
stormwater runoff must be considered. Dry retention, exfiltration, concrete grid pavers,
and filter BMPs generally are more suitable for smaller areas. Pond BMPs typically
require a larger drainage area to assure proper operation. :

AreaRequired for the BMP Option. Many BMPs are land intensive so adequate
area must be available at the site for construction. Underground installations of certain
BMPs can be costly maintenance items.

Pollutant Type and Loading. Most BMPs are effective at removing particulate-
related pollutants. Some BMPs, primarily those with vegetative components, can also
reduce dissolved constituents. Many are susceptible to clogging. Pretreatment "can
increase effectiveness, reduce maintenance, and extend the life-of BMPs.

Soil Type. The permeability of soil has a direct influence on effectiveness,
especially for retention practices. Soils such as silt and clay can influence the settling
capabilities of BMPs.

Slope and Flow Characteristics. Water ponding or flow velocities may cause -
instability or erosion of sediment, which will eliminate some BMP options.

Water Table Elevation. For retention and dry detention systems, effectiveness
and maintenance costs can be related to how close the bottom of the BMP is to the water
table. '

Bedrock or Hardpan. Restrictive soil layers or rock can impede downward
mfiltration of runoff or make excavation for ponds impossible or expensive.

10
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Location. BMPs should not be located close to building foundations, septic tanks,
or drinking wells. Seepage problems or ground water pollution can result from retention
BMPs.

Receiving Waters. Receiving waters such as lagoons and estuaries would
generally benefit from reductions in total volumes of runoff. However, normal timing and
flow volumes into saline habitats must be considered as an appropriate freshwater-
saltwater mix is needed to support these environnrents.

. Figure 2 shows a generalized diagram to assist in determining potential BMP
options to remove pollutants under specified site conditions. Special conditions may
dictate the selection of alternative BMP options. For example, in an area with a high water
table, an extended detenhon basin may not be feasible because basin excavation would be
required.

Pollutant Reduction Capabilities

Interrelated factors generally govern pollutant removal capabilities achieved by
BMPs. These factors include removal mechanisms in operation, type of contaminant to be
removed, ¢haracteristics of the annual runoff volume directed to treatment, and BMP
efficiency factors.

Removal Mechanisms

Removal of pollutants in stormwater can occur through sedimentation, flotation,
filtration, infiltration, adsorption, biological uptake, biological conversion, and
degradation. Most removal processes affect both particulate and dissolved forms of
pollutants. Some removal mechanisms are more effective than others for specific
pollutants.

Type of Contaminant to be Removed
Sediments

_ Settling is the most effective removal method for suspended solids. Settleability of
a pollutant depends directly on particle size and density. Some suspended particles may
not be settleable without the help of a coagulating agent. In describing settling
characteristics of suspended solids, the following factors are of significance:

» Loading

* Percent settleable

» Particle size distribution

» Particle settling velocities

» Density of settleable pollutant
»  pH of the water

* Heavy metal content of the water

11
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Figure 2. BMP Options for Specified Site Conditions
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Based on a distribution of particle settling velocities from an urban runoff study
conducted by the USEPA in 1986, approximately 20 percent of solids exhibit settling
velocities less than 10~ centimeters per second (cm/s), corresponding roughly to particle
sizes less than 10 microns. Under ideal conditions, a particle settling at a 1073 cm/s will
travel approximately 5.7 feet in 48 hours and should be effectively removed from a water
column of this approximate depth over a period of 48 hours. Particle sizes less than 10
microns, generally considered to be in the colloidal or clay range, cannot be effectively

removed by settling (Harper, 1999). o

Other studies associated with total suspended solids, chemical oxygen demand,
total phosphorus, and lead that were conducted under laboratory conditions by Randall et
al. (1982) indicate that settling processes for these pollutants appear to be virtually
complete after 24 to 48 hours. Another study found that removal of dissolved ions by
sedimentation was generally poor (Harper, 1999).

Nutrients

Nutrients may be in either dissolved or particulate form. Approximately 60 percent
are present in particulate form. Removal of dissolved pollutants is generally optimized
through biologically-mediated processes in systems that maintain permanent pools, have
diverse flora and fauna, and are well oxygenated. The design of BMPs for removing
nutrients should include provisions for settling nutrients in particulate form and also a
nutrient assimilation component for dissolved forms, such as littoral zones within a
detention system. Swale conveyance, sediment sumps, or a perimeter swale and berm
system are also effective in reducing particulate riutrients. More specifically, phosphorous
can be controlled by high soil exchangeable aluminum and/or ion content and by the
addition of precipitating agents. Nitrogen can be controlled by alternating aerobic and
anaerobic conditions, low toxicants, and neutral pH.

Heavy Mefals

Dissolved heavy metals are removed from runoff primarily by physical and
chemical processes (Harper, 1999). Processes include chemical precipitation, adsorption,
sorption and coprecipitation, and complexation followed by coagulation and flocculation.

To maximize removal of heavy metals in detention BMPs, flow velocities should
be gradually reduced and flow length from inlet to discharge point should be maximized to
promote settling. Suitable vegetation should be planted to promote removal of dissolved
metals. To remain aerobic and keep metals bound to sediments, it is important to keep the
pH of the water around 7 so that metal-sediment associations are inert with minor
tendencies for release into the water column. In addition, a high organic soil content with
high soil cation exchange capacity is effective in treating metals.

Oxygen Demanding Substances

Removal of oxygen demanding wastes occurs through oxidation of organic matter
by aerobic bacteria and fungi. This process is generally complete in 3 to 5 days (Harper,

13
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1998). To effectively reduce this pollutant, systems must provide adequate supplies of
oxygen and sufficient detention time for decomposition processes to occur. This can be
accomplished with BMPs having shallow water depths (less than 10 to 15 feet), having a
high length to width ratio so as to include wind mixing, or using artificial aerators.

Oils, Greases, and Hydrocarbons

Thése pollutants afe removed primarily by physical and chemical processes. Low
boiling hydrocarbons often float on the watér surface atid éafi Be rémoved by Vaporization.
Greases generally accumulate into the sediments where they may undergo gradual
microbial decomposition. Many pesticides are insoluble in water and readily adsorb onto
soil particles. Oils and greases can be retained in BMPs utilizing skimmers at the
discharge structure. Many drop-in filtration systems incorporate an oil and grease or
hydrocarbon trap with a submerged outlet pipe that allows these contaminants to
accumulate and be periodically removed. S - ‘

Pathogens

Pathogens die off naturally, but the process can be promoted by plant excretions.
Removal mechanisms include coagulation, predation by zooplankton, and adsorption onto
suspended matter and sedimerits. - : '

Characteristics of the Anvnual Runoff Volume Directed to Treatment

Rainfall characteristics such as average rainfall frequency, duration, and intensity
must be reviewed before designing a BMP. These will directly affect the volume of water
that needs to be detained, retained, or reused; the time needed to recover the treatment
volume; and the process used to capture, filter, or assimilate pollutants. Pollutant control
methods generally rely on capturing and treating runoff from small, frequent events that
carry the majority of pollutants and the first flush of larger rainfall events (Figure 1). For
example, in Florida, nearly 90 percent of a year’s storm events produce one inch of rainfall
or less and 75 percent of the total vohime of rain falls in storms of one inch or less
(Wanielista, 1977). In general, BMPs should be designed to provide treatment control for
the smaller rain events rather than for extreme events.

Time is also a factor to consider in designing pollutant removal BMPs. Increasing
the hydraulic residence time and promoting low turbulence will help achieve any
objective in treating stormwater. The effectiveness of settling a solid particle is directly
related to the time provided for sedimentation and determines the degree to which
chemical and biological processes can occur. Water residence time is the most basic
variable to apply effective treatment practice technolo gy.

While specific structural design specifications and criteria for BMPs are not within
the scope of this document, several publications are available to assist with BMP design.
Table A-1, 4 dix A provides information related to each RMP type.

nnan
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Treatment Efficiency Factors

_ A goal of 80 percent annual reduction of stormwater pollutant loadings by
stormwater management systems can be best achieved through a multilevel strategy that
1) prevents pollutants from entering the system, 2) considers operational and maintenance
changes, 3) applies source controls and then treatment controls, and 4) administers
communitywide prevention comtrols, where required— - ) '

Different BMPs have different effectivensss on different poliitants as shown in
Figure 3. Removal efficiencies will vary based on the incoming concentrations of
pollutants. High removal rates may be seen at higher initial concentrations, but when

' lower initial contaminant levels are put into the system it may be less effective and the
percentage removal may be lower. Bach control measure should provide sufficient
pollutant control to warrant its inclusion. An average annual pollutant removal efficiency
can be calculated based on the annual mass of pollutants introduced and the annual mass
removed. ' ' :

Urban runoff treatment systems are designed to capture and retain pollutants,
especially solids. The accumulation of these materials can seriously impair the operation
of a system and greatly reduce its effectiveness, resulting in pollutant discharge and
possibly increased flooding. When selecting'a BMP, appropriate operation, maintenance,
and management considerations must be included in the decisionmaking process. In
addition, responsibility for such items should be clearly assigned for the life of the system.
See Appendix A, Table A-1, for more information related to each BMP type.

Cost Considerations

Construction of a proposed BMP in a selected location should require reasonable
effort and expense. Required materials must be available and conmstruction techniques
feasible. The cost of BMP implementation should not exceed expected pollution control
benefits, and the funding assessment should cover all stages of the BMP life. When
computing implementation costs, the following factors should be evaluated during the
selection process:

» Design and permitting costs

« Capital costs

- Operation, inspection, and maintenance costs
Unit costs of pollutant removal

Design and permitting costs are generally estimated to be 25 to 35 percent of the
‘base construction cost, depending on the geographic area and the experience of the
designer (USEPA, 1999). Capital costs for installation and construction of structural
BMPs vary nationwide depending on land costs, weather patterns, construction methods,
and site specific conditions. Representative cost data for BMP installation or construction,
operation, inspection, and maintenance have been summarized in -Appendix A. The
information was gathered from nationwide databases and should be used only as a
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Design 1  Facility exfiltrates first-lush runoff: 0.5:inch runoff per impervious acre
Design 2  Facility exfittrates 1-inch runoff volume per impervious acre

Design 3  Facility exfiltrates all runoff, up to the 2-year design storm

Design 4 20-foot wide turf strip

Design 5 100-foot wide forested strip with level spreader

Design 6 High slope swales with no check dams

Design 7 ’ Low gradient swales with check dams

Design 8  First-flush runoff volume detained for 6 to 12 hours

Design 9 Runoff volume produced by 1.0 inch, detained 24 hours

Design 10 As in Design 9, but with shallow marsh in bottom stage

Design 11 Permanent pool equal to 0.5-inch storage per impervious acre
Design 12 Permanent pool equal to 2.5 (Vr) ; where Vr = mean storm runoff
Design 13 Permanent pool equal to 4.0 (Vr) ; approximately 2 weeks retention
Design 14 400-cubic feet wet storage per impervious acre

(Adapted from Schueler 1987)

Stormwater BMPs
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Figure 3. Pollutant Removal Effectiveness of Different BMPs
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guideline. Since operation, inspection, and maintenance are crucial elements in
maintaining BMP design integrity, a relative cost of these elements estimated as a percent
of the capital cost has been included in Appendix A.

One way to design cost-effective BMPs is to relate basin volume to cost. Although,
for most detention BMPs, a critical point occurs where little increase in percent runoff
captured occurs with increase in basin volume.

Effects on sformwater quality ﬁ—om nonsfructural BMPs are dlfﬁcul’c fo quanﬁfy :
and measure accurately without long-term data. Therefore, cost avoidance resulting from
good management practices cannot be easily determined. In cases of recycling, the
materials collected can serve as an indirect measure of overall success of the project. For
water conservation measures, projected values can be compared to actual usage data to
evaluate the program.

Supplemental Benefits and Side Effects

Both supplemental benefits and side effects can result from implementing BMPs
and need to be considered when determining the appropriateness of a BMP. Supplemental
benefits include opportunities for wildlife use, passive recreation, and water conservation.
Side effects include the potential for mosquito breeding, downstream temperature
changes, reduced base flows, and ground water contamination. '

Public Acceptance

The more publicly accepted the BMP, the better chance it has for success. This is
crucial when referring to nonstructural BMPs where a change in cultural practices is
necessary. Structural BMPs require that thé owner/operator be comfortable with project
requirements before construction begins. A structural BMP will not perform as designed if
1t is not maintained properly. Therefore, a long-term comimitment is needed.

Community involvement should be promoted to support pollution control
Initiatives. Active participation can be encouraged by defining problems clearly and
outlining measures- to solve them. A BMP program should mcorporate the following
guidelines: -

«  Reflect the characteristics of the community

* Acknowledge community priorities

- Heighten awareness about the program/problem
* Provide clear, concise information

» Explain what each individual must do

*  Give the individual an easy way to do the task
*  Monitor the program and gain feedback
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VIi. NONSTRUCTURAL BMP OPTIONS

Most nonstructural BMP options are applicable for use in residential, commercial,
industrial, agricultural, and nursery operations in newly developed or existing watersheds.
They can be used to complement structural BMPs in developing areas, but may be the
only option in existing developments. These options are based on changes in human
practices that result in the prevention or reduction of the generation of contaminants into

_Stormwater runoff. Because they tely on actions and net structures; they must be
implemented consistently and repetitively ‘over time. Any process for selecting
nonstructural BMPs should take into consideration the incorporation of the following
elements: planning and regulatory tools; conservation, recycling, and source controls;

maintenance and operational procedures; and educational and outreach programs.

Planning and Regulatory Too>ls

Action plans and regulations encourage or mandate management practices that
prevent, reduce, or treat stormwater runoff. For example, setbacks can be required from
waterways, minimum allowable impervious areas within a site can be established, and
criteria for treating runoff can be mandated. Plans for stormwater runoff control should be
submitted to the appropriate agencies for review and approval. The planning process gives
the public an opportunity to participate in the decisionmaking process regarding
stormwater quality for existing and future land uses within their area. Existing federal,
state, local, and site specific requirements provide the basis for building regulatory
programs.

Ordinances and Regulatory Programs

Federal agencies are tasked with establishing nationwide programs to address
stormwater pollution. The State of Florida has generally established regulations by
adopting the appropriate Code of Federal Regulations title into the Florida Statutes and the
Florida Administrative Code. Water management districts function under these codes and
require permits for the construction and operation of water management systems, water
usage, or water quality monitoring plans.

Local governments play an important role in establishing regulatory programs that
provide opportunities to meet specific local objectives. Regulatory measures must comply
with state and federal mandates and should address such issues as hazardous materials
codes, zoning, land development and land use regulations, water shortage and
conservation policies, and controls on types of flow allowed to drain into sanitary
municipal storm sewer systems. For a successful local program the following elements
should be considered:

+  Community/business composition

+ Land use patterns

* Local practices

*  Community concemns

« Institutional characteristics
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Ordinances are laws or rules issued by a local government under legal authority
granted by statutes. They can include findings of fact, objectives or purposes, definitions,
permitting requirements, variances, performance/design standards, and enforcement
policies. For further information and samples of ordinances, refer to Chapter 8 of the
Florida Department of Environmental Protection’s Florida Development Manual - A
Guide to Sound Land and Water Management (FDER, 1992).

In low impact development, stormwater is managed in small, cost-effective
landscape features located on each land parcel rather than being conveyed to large, costly,
pond facilities located at the bottom of drainage areas. The concept of source control is
quite different from end of pipe treatment. Hydrologic functions such as filtration,
~ frequency, and volume of discharges, and ground water recharge can be maintained by
reducing impervious surfaces, functional grading, open channel sections, reuse of runoff,
and using multifunctional landscape features such as rain gardens, swales, mulch, and
conservation areas. ' '

Conservation, Recycling, and Source Controls
Conservation Plan

All water users, including domestic, utility, commercial, agricultural, and
recreational, have an opportunity and responsibility to conserve water to reduce or
eliminate thé amount of water potentially requiring stormwater runoff treatment.
Promotion of conservation practices is essential in all communities. A good water
conservation plan should include a framework for the following components:

» Appropriate lawn irrigation

» Adoption of Xeriscape® landscape ordinances

+ Installation of ultra-low volume plumbing fixtures in new construction
» Adoption of conservation-oriented rate structures by utilities

~» Implementation of leak detection progrzims by utilities with
unaccounted for water loss greater than 10 percent

~+ Institution of public education programs for water conservation
Using Reclaimed Water _

Recycling water involves treating and disinfecting wastewater and using the
reclaimed water for new, beneficial uses such as the following:

» Landscape immigation for parks, golf courses, highway medians, and
residential lawns

* Agricultural irrigation for crops, pasture lands, and nursery operations
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. Ground water recharging either directly or through rapid infiltration
basins

* . Industrial cooling or In-manufacturing processes

* Creating or restoring wetlands

= Fire protection

* Separate toilet piping systems in industrial or commereial buildings-

- Aesthetic enhancements for ponds, fountains, and 'laifdsc':ipe. features

*  Dust control for construction sites or unpaved road communities

Source Control Measures

: These measures address disposal practices of contaminants on the typical urban
landscape. They may reduce or eliminate pollutants deposited on land surfaces that may
eventually come in contact with stormwater and be transported to receiving waters. Water
quality benefits may be derived from addressing the following:

*  Erosion and sediment control during construction
*  Collection and proper disposal of animal waste
'+ Collection and proper disposal of solid waste
*  Proper disposal and composting of yard waste
*  Proper disposal and recycling of unused toxic waste materials

* Proper storage, disposal, and recycling of unused automotivé fluids and
prevention of fluid leaks '

- Modified use of chemicals such as fertilizer, pesticides, and herbicides
* Safe storage, handling, and disposal of hazardous household products

Maintenance and Operational Procedures

Nonstructural maintenance and operational procedures can be used to prevent or
reduce the need for more costly structural treatment controls. To ensure the proper
operation of stormwater BMP systems, periodic maintenance tasks are required. The
efficiency of an entire system relies on the proper upkeep of all BMP components.
Nonstructural maintenance operations may consist of turf and landscape management,
street cleaning, catch basin cleaning, road maintenance, canal/ditch maintenance, and
modification of structural operations.

Turf and Landscape Management
Lawns and grasses planted for aesthetic and recreational use, surface stabilization,
and erosion control require routine maintenance that includes Irrigation, mowing,

fertilization, targeted pest management, aeration, and/or dethatching. Mowing should be
performed at optimal times, such as when no significant rainfall events are predicted.
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Municipal “no dumping” ordinances should be enacted to prevent the disposal of cuttings
and clippings in or near drainage facilities. Composting is 2 good disposal alternative, and
the installation of a yard waste composting facility is 4 viable management tool. Turf and
landscape management procedures should be consistent with vegetation use, growing
season, and the amount of rainfall. See Appendix B, Turf and Landscaping Best
Management Practices, for specific turf and landscape management practices.

Street Cleaning s T/ T T oo

Routine street cleaning removes accumulated depositions of solids that may
otherwise be transported as contaminants in the first flush of stormwater. Efficiency
depends on sweeping frequency which appears to be more effective in areas with distinct
wet and dry seasons. Sweeping should increase just before the rainy season. Mechanical
broom sweepers, vacuum sweepers, and street flushers are typically used for cleaning and
are very effective in removing larger particles (>50 microns) and associated pollutants
(i.e., solids and heavy metals). Parked cars can be an obstacle to effective sweeping and’
parking regulations may be required. Costs for purchasing equipment and implementing a
program can be significant. - '

Catch Basin Cleaning

Accumulated sediments should be removed from catch basins on a regular basis to
prevent clogging. Basins should be cleaned before the sump is 40 ‘percent full.
Maintenance schedules should be targeted to those areas with the highest pollutant
loading. Capital costs may be high, as communities with numerous basins will need to
procure mechanical cleaners such as eductors, vacuums, or bucket loaders.

'Road Maintenance

Deteriorating roadway surfaces can contribute to contamination of stormwater.
Potholes and worn pavement should be promptly repaired to reduce sediment loading.
Minimizing the size of the impervious area is the most effective method to reduce
stormwater pollution from the roadway. Aggressive maintenance programs are more cost-
effective than complete roadway replacements.

Canal/Ditch Maintenance

Ditches that carry heavy flow concentrations should be periodically checked for
collapsed or blocked flowways, or degradation of flowway lining materials. The channel
bottom should be dredged if a buildup of sediment occurs. Hlegally dumped items should
be removed to reduce possible pollutants and achieve aesthetic enhancement. “No
littermg” signs can be posted with a call-in number to report dumping in progress. Also, if
water quality will not be compromised, the characteristics of the channel can be modified
to improve hydraulics.
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Modification of Structural Operations

. Schedules for structural operations can be modified to optimize water quality
objectives. Activities such as diverting low quality water away from critical habitat areas;
increasing the detention times or reducing the discharge orifice size in existing ponds;
storing water for future use during drought periods; recharging the ground water table; and
mixing clean water with degraded water to enhance quality are alt examples of modifying

6_@??3_1_‘1&_13_‘ to achieve priorities. Successful operations will reduce risk;-increase -water
~ supply reliability, and enhance water quality.

Educational and Outreach Programs

Public education is a BMP that can be implemented to meet the individual needs
and interests of each segment of the community. Outréach programs should be integrated
- into a community's overall plan for stormwater management to educate employees, the
- public, and businesses about the importance of protecting stormwater from improperly

used, stored, and disposed pollutants. Often people are not aware of the cumulative effects
of pollution generating activities. Once a pollutant has been linked with' a particular
community, support for a volunteer effort and public education campaign can be made
through the local civic association.

Public and private funding partnerships may be needed to ensure participation and
- encourage development of . information and infrastructure improvements. Public
information can be expensive to develop and distribute and must be periodically updated
and redistributed. A specific course of action must be defined and the associated cost to
mmplement a solution determined for each problem. The initiation of a well coordinated,
comprehensive campaign will be more effective at reaching audiences than a series of
separate actions that seem unrelated. Potential funding sources for education programs
might include such agencies as the local public works department, health department, park
authority, forestry division, state department of natural resources, United States
Department of Agriculture, and private conservation groups.

The public should be educated about the relationship they have with the watershed
in the area where they live. Programs informing citizens of practices that reduce sources of
‘potential pollutants in runoff will encourage them to become part of the solution. They
must receive repeated messages about how their behavior affects the health of their
watershed to encourage behavior modification. The effectiveness of a program can be
assessed by estimating how many people will hear the message, change their behavior,
and to what degree their behavior changes. A public education plan should consist of
" several kinds of activities that may include the following:

»  Public surveys to assess use of toxic materials, disposal practices, and
overall environmental awareness

* Frequent and consistent campaign messages using a mission statement,
logo, and tag line
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+ Campaign products such as door hangers, pamphlets, guidebooks,
signs, press releases, or classroom/library displays

*  Public outreach activities such as having a field day where a local water
quality expert comes to a community to demonstrate ways of reducing
pollution '

» Neighborhood programs, such as the following: . __ ____ .. _ . . _ _

- Identifying storm drains with stenciling to discourage
dumping

- Distributing toxics checklist for meeting household
hazardous waste regulations

- .Producing displays and exhibits for school programs
- Distributing free seedlings for erosion control

- Creating volunteer opporumities such as water quality
monitoring

- Conducting awards ceremonies for specific neighborhood
projects

VIll. STRUCTURAL BMP OPTIONS

Structural BMP mechanisms for controlling stormwater runoff in developing areas
fall into two main categories: 1) retention systems and 2) detention systems. Sarmple
diagrams of structural methods described under each category are shown in Appendix C,
Structural BMP Fact Sheets. Other new technologies are also included.

Prior to the installation of structural BMPs, institutional ordinances and regulatory
programs must be in place. These will provide for the fiscal resources to review and
approve BMP plans, inspect their operation, and enforce violations in management
practices. Ordinances will also assure that temporary erosion and sediment controls are in
place during the construction phase. '

Retention Systems

Retention Systems rely on absorption of runoff to treat urban runoff discharges.
Water is percolated through soils, where filtration and biological action remove pollutants.
Systems that rely on soil absorption require a deep layer of permeable soils at separation
distances of at least 1 foot between the bottom of the structure and seasonal ground water
levels. Using retention systems in a watershed will help to preserve or restore
predevelopment hydrology, increase dry weather base flow, and reduce bankfull flooding
frequency. Retention BMP systems include dry retention basins, exfiltration trenches,
concrete grid pavers, vegetated filter strips, and grassed swales.
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Where ground water requires protection, retention systems may not be appropriate.
Restrictions may also apply to systems located above sole source (drinking water)
aquifers. Where such designs are selected, they should be incorporated with the
recognition that periodic maintenance is necessary for™ these areas. Long-term
effectiveness in most cases will depend on proper operation and maintenance of the entire
system. Site and maintenance considerations for retention BMP systems are summarized
at the end of this section in Table 3.~~~ —~ ~—-——-— - ———mr

Dry Retention Basins

Dry retention basins are depressed areas where incoming urban runoff is
temporarily stored until it gradually filtrates into the surrounding soil. These should
gradually drain down to maintain aerobic conditions that favor bacteria which aid in
pollutant removal and to ensure the basin is ready to receive the next storm (Schueler,
1987). Runoff entering the basin is sometimes pretreated to Temove coarse sediment that
may clog the surface soil pore on the basin floor. Concentrated runoff should flow through
a sediment trap, or a vegetated filter strip may be used for sheetflow.

Exfiltration Trenches

Exfiltration trenches are perforated pipes buried in trenches that bave been
+ backfilled with stone or sand/aggregate. Urban runoff diverted into the pipe gradually
infiltrates from the pipe into the trench and into the subsoil, eventually reaching the
ground water. A filter cloth surrounding the rock trench is used to minimize clogging:

Concrete Grid Pavers

Surfaces such as concrete grid pavers interspersed with areas of gravel, sand, or
grass can reduce runoff volumes and trap vehicle-generated pollutants. Pavers are most
effective in very low traffic grassed areas with relatively pervious in-situ soils
(nondepressional soils) and require moderate maintenance. However, for best results, this
option should be used in combination with other BMPs.

Vegetated Filter Strips

Strips of land with vegetated cover are designed to reduce sediment and remove
pollutants. They are designed to receive overland sheetflow, but provide little treatment
for concentrated flows. Recommended areas of use are for agriculture and low density
development. Vegetated filter strips are often used as pretreatment for other structural
practices, such as dry detention ponds and exfiltration trenches. - -

Grassed filter strips may develop a berm of sediment at the upper edge that must

be periodically removed. Mowing will maintain a thicker vegetative cover, providing
better sediment retention.
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Forested strips next to water bodies should be left undisturbed except for the
removal of trees that present unusual hazards and small debris that may be refloated by
high water. Periodic harvesting of some trees not directly adjacent to water bodies
- removes sequestered nutrients (Lowrance et al., 1985) and maintains an efficient filter
through vigorous vegetation (Hochheimer et al., 1991).

Grassed Swales U,

Grassed swales are filtration and conveyance mechanisms that are generally used
to provide pretreatment before runoff is discharged to treatment systems. Swales are
typically shallow, vegetated, man-made trenches with a width-to-depth ratio equal to or
greater than 6 to 1, or side slopes equal to or greater than 3-feet horizontal to 1-foot
vertical. The established width should be maintained to ensure the continued effectiveness
and capacity of the system (Bassler, undated). Grassed swales should be mowed to
 stimulate vegetative growth, control weeds, and maintain the capacity of the system (see
Appendix B). :

Table 3. Site and Maintenance Considerations for Retention BMP Systems?

Size of
Drainage
BMP Option -Site Conditions Area Maintenance | Longevity
Dry Retention Basins Deep permeable soils | Small " |Low ‘High
Exfiltration Trenches Deep permeable soils | Small High Low
Concrete Grid Pavers Deep permeable soils; |Small Moderate Moderate
restricted traffic’

Vegetated Filter Strips Low density areas Small Low ) High if

. » 4 maintained
Grassed Swales Low densify areas Small Low ' High if

: ' "| maintained

a. Careful attention to erosion and sediment controls is required during construction to keep
sediment loads out of retention systems or failures may occur.

Detention Systems

Detention BMP systems include dry and wet detention ponds and constructed
wetlands. Site and maintenance considerations for detention BMP systems are
summarized at the end of this séction in Table 4.

. Dry Detention Ponds

Dry detention ponds detain a portion of urban runoff for a short period of time -
(i.e., up to 24 hours after a storm) using a fixed opening to regulate outflow at a specified
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rate and allowing solids and associated pollutants time to settle out. In general, these
systems are effective in removing total suspended solids but have low treatment efficiency
for nutrients. They are normally dry between storm events. Siting requirements call for a
minimum of one foot from control elevation to the bottom of the detention zone.
Therefore, constructing dry detention ponds on wetlands and floodplains should be
avoided. Where drainage areas are greater than 250 acres and ponds are being considered,
inundation of upstream channels may be of concern. S e

Wet Detention Ponds

Wet detention ponds are designed to maintain a permanent pool of water and
temporarily store urban runoff until it is released at a controlled rate. Hydraulic holding
times are relatively short; such as hours or days. These systems are more efficient in
removing soluble pollutants (nutrients) than dry detention due to the biolo gical activity in
the vegetation and water column. Enhanced designs include a forebay to trap incoming
sediment where it can be easily removed. A littoral zone can also be established around
the perimeter of the pond.

_Constructed Wetlands

Constructed wetlands and multiple pond systems treat runoff through adsorption,
plant uptake, filtration, volatilization, precipitition, and microbial decomposition
(Livingston et al., 1992). Multiple pond systems in particular have shown potential to
provide much higher levels of treatment (Schueler, 1992). Constructed wetlands are
designed to simulate the water quality improvement functions of natural wetlands to treat
and contain surface water runoff pollutants and decrease loadings. Many of these systems
are currently being designed to include vegetated buffers and deep water areas to provide
wildlife habitat and aesthetic enhancéments. Periodic maintenance is required for these
systems. Long-term effectiveness will generally depend on proper operation and
maintenance of the entire system.

Constructed wetlands differ from artificial wetlands created to comply with
mitigation requirements in that they do not replicate all of the ecological functions of
natural wetlands. Enhanced designs may include a forebay, complex microtopography,
and pondscaping with multiple species of wetland trees, shrubs, and plants.

Table 4. Site and Maintenance Considerations for Detention BMP Systems

Size of

BMP Option| Site Conditions Drainage Area Maintenance Longevity
Dry Detention | Any soils Moderateto = |Low High

Ponds large

Wet Detention | Any soils Moderate to Low High

Ponds _ large

Constructed | Poorly drained soils Moderate fo Requires vegetation | High
Wetlands large harvesting
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Other Systems

Systems other than retention and detention systems include water quality inlets,
separation devices, and chemical treatment. Site and maintenance considerations for other
BMP systems are surhmarized at the end of the section in Table 5.

- Water Quality Inlets - <.

Water quality inlets rely on settling to remove pollutants before discharging water
to the storm sewer or other collection system. They are also designed to trap floating trash
and debris. When inlets are coupled with oil/grit separators and/or hydrocarbon
absorbents, hydrocarbon loadings from high traffic/parking areas may be reduced.
However, experience has shown that pollutant-removal effectiveness is limited, and the
devices should be used only when coupled with extensive clean-out methods (Schueler et
al., 1992). Maintenance must include proper disposal of trapped coarse-grained sediments
and hydrocarbons. Clean-out and disposal costs may be significant.

_ Catch basins are water quality inlets in their simplest form. They are single-
chambered inlets with a lowered bottom to provide 2 to 4 feet of additional space between
the outlet pipe for collection of sediment at the bottom of the structure.

Some water quality inlets include two chambers. The first provides effective
removal of coarse particles and helps prevent premature clogging of the filter media. A
second chamber contains a sand filter to provide additional removal of finer suspended
solids by filtration.

Separation Devices

Separation devices include sumps, baffle boxes, oil/grit separators, and sediment
basins to capture trash, sediments, and floating debris. They are efficient only within
specific ranges of volume and discharge rates. Control units usually have a forebay to
pretreat discharges by separating heavy grit and floating ‘debris before it enters the
separator. Separation processes use gravity, vortex flow, centrifugal force, and even direct
filtration. Further treatment may be accomplished by adding chemicals such as alum.
After separation, the sediment is collected and transported or pumped to a waste treatment
facility. These devices may have a high initial investment cost.

Chemical Treatment

Chemical processes include coagulation coupled with solids separation to remove
pollutants. Iron, aluminum metal salts, and alum are used to coagulate compounds, then
polymers are added to enhance flocculation and induce settling. The resulting settled floc
and solids would need to be disposed and may need dewatering prior to disposal.
Chemical processes offer the advantage of low land requirements, flexibility, reliability,
decreased detention time requirements, and the ability to enhance water quality to levels
substantially lower than could be achieved using other methods alone. The drawbacks are
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high capital, operations and maintenance costs, and solid waste management
réquirements.

Table 5. Site and Maintenanée Considerations for Other BMP Systems

: Size of S

BMP Option | Site Conditions Drainage-Area| -Maintenance -- Lengev:ty
Water Quality |Applicabletormany - [Smalb- —~ - " [ High;ifcleanoutof  {Highif
Inlets sites, including high sediment and debris is | maintained

density areas with performed routinely

poorly drained soils’

and extensive

impermeable areas ' :
Separation = | Applicable to many - | Small High, if clean out of High if
Devices sites, including high ‘ sediment and debris is | maintained

density areas with performed routinely

poorly drained soils

and extensive

impermeable areas
Chemical Applicable to many | Moderate to High, if there is High if
Treatment sites, including high | large continual input of maintained

density areas with . chemicals along with

poorly drained soils | removal of spent

and extensive precipitate

impermeable areas

IX. OPPORTUNITIES FOR BMP IMPLEMENTATION

New Development

. Before development occurs, land in a watershed is available for a number of

pollution prevention and treatment options. While BMPs can be implemented during the
planning, design, and construction stage, they must continue to be implemented during the
life of the project. Prevention practices such as planning and zoning tools to emsure
setbacks, buffers, and open space requirements can be implemented with ease at the
planning stage of any development with a high degree of success. In addition, compliance
with local regulations through permitting processes can guarantee incorporation of
treatment options such as wet ponds or constructed wetlands that can improve the water
quality of stormwater runoff. All BMPs discussed in th1s document are applicable for new
developments as site conditions allow.

Retrofitting
In already developed areas, pollution prevention and reduction practices may b
more feasible than treatment controls due to land restrictions. A Comprehenswe

management plan can be developed to first identify pollutant reduction opportunities, then
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protect existing natural areas that can help control runoff, and finally begin ecological
restoration and retrofit activities to clean up degraded water bodies. Citizens can help
prioritize the cleanup strategies, volunteer to become involved with restoration efforts and
help protect ecologically valuable areas.

Installing or retrofitting water management systems in existing developed areas

. can be a difficult and costly endeavor. Communities can ¢xamine areas where BMPs were

~constructed for flood control purposes to determine if they can be modified 10 provide

" Wwater quality benefits. For example, a dry pond can be converted to a wet pond of it can be

modified to increase the detention time by reducing the size of the control outlet. Wet
ponds can be planted with aquatic vegetation to promote biological uptake processes.

When selecting retrofit program control options, be sure to include structural and
_ nonstructural BMPs. Some examples of BMP options are shown il Table 6.

Site Construction

During the construction stage, whether for new development or retrofit, BMPs can
be implemented to control poltutants resulting from the erosion of disturbed soils. Most of
these practices focus on controlling the amount of soil erosion and sedimentation, thereby
minimizing subsequent adverse impacts of downstream water bodies. In addition,
application, generation, and migration of toxic substances can be limited by properly
storing, handling, applying, and disposing of pesticides, petroleum products, nutrients,
solid wastes, and construction chemicals. For example, construction sites should establish .
fuel and vehicle maintenance staging areas; equipment and machinery washing areas; and
separate storage, handling, and mixing areas for pesticides and fertilizers, all located away
from waterways. As with new development and retrofits, the educational component is
critical to the effectiveness of any of the BMPs. Construction workers need to be trained
about the goals of the plan and actions required of them for the BMP to be successful.

An effective plan for minimizing and controlling erosion and sedimentation during
construction shall include, at a minimum, the following basic principles:
«  Minimize soil exposure through organized scheduling of grading and
construction activities

- Retain existing vegetation whenever feasible

«  Stabilize all denuded areas within 3 days after final grading; disturbed
areas that are inactive and will be exposed to rain for 30 days or more
should be temporarily stabilized; stabilization techniques include
mulches, vegetation and sod, and chemical applications

+  Control runoff by diverting stormwater away from stripped areas or
newly seeded slopes, minimize the length and steepness of slopes, and
install check dams, level spreaders, and outlet protection to prevent
erosion '

- Install sediment trapping structures such as silt traps, sediment basins,
filter fabric, perimeter dikes, and inlet protection :

+  Inspect and maintain control measures regularly
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Opportunities for BMP Implementation

Stormwater BMPs

" Table 6. BMP Options for Retrofit Control

Major Structural Controls

« Sedimentation or filtration units

* Dry detention ponds (conversion to wet ponds)
* Retaining walls .

* Sanitary sewer rehabilitation

* Constructed wetlands .

_-Qhﬁmi_amga.nlent o .

{™™Minor Strictiral Controls

T* Rip rapat: plpe‘cutfalls— - - = -
T+ Retrofit of catch basms ‘with oil traps andler grit traps and/f

or filters
* Trash racks
+ Curb inlet filters
* Oil-grit and oil-water separators
* Exfiltration trenches and/or buffer strips
« Grassed swales

Major Nonstructural Controls

* Bank stabilization of waterways -

+ Dredging in drainage ways

 Water body cleanup effort

* Open space acquisition

+ Ordinances and regulatory programs

'+ Conservation, recycling, and source control programs

" Minor Nonstructural Controls

* Enhanced street sweeping

* Parking lot sweeping

» Storm drain stenciling

* Vegetation control in main ditches

Preventative/Maintenance Oriented
Controls

[« Increased frequency of catch basin and manhole cleaning

= Turf and landscape management
+ Road maintenance
* Ditch/creek cleaning

Public Awareness and Education

» Litter prevention
* Trash and debris dumping prevention
+ Toxic materials/oil and grease dumping prevention

Enhanced Enforcement ‘

+ Construction activities
* lllegal dumping and disposal

* Commercial non-stormwater discharges

Continuing Assessment

* Sediment sampling

+ Dry weather monitoring

* Wet weather monitoring

* Facility, appurtenances, and other BMP inspection
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Stormwater BMPs Conclusions

X. CONCLUSIONS

Water management activities have evolved from singular practices that addressed
individual needs and crisis situations to multiple objective programs that manage water
supply and conservation, and preservation of surface water and natural systems. The
continued growth of the population demands that we take a holistic approach in water

Fesource plamning- andmanaoemmtinuppoﬂmmquahtyﬁflL_ o ToT /==

As stormwater runoff isa major source of pollution to ou"r wetlands, rivers, lakes,
and estuaries, local governments must take responsibility for its control. No water quality
control program should be implemented in a vacuum. An understanding of the origin and
causes of nonpoint source pollution is essential to the development of comprehensive,
effective, and efficient control practices. BMPs should be integrated into multiple
objective programs to ensure that watershed goals are cooperatively met. Such programs
will fall under state and regional water policies and ordmances and should be consistent
with comprehenswc short- and long-term objectives.

In many cases, BMP implementation can provide supplemental benefits for local
citizens. Environmental and aesthetic enhancements can be achieved through thoughtful
design, conscientious maintenance, and creative landscaping. '
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