Chapter 5
Stormwater Management Approaches

A fundamental component of the U.S. Environmental Protection Agency’s (EPA)
Stormwater Program, for municipalities as well as industries and construction, is the creation of
stormwater pollution prevention plans. These plans invariably document the stormwater control
measures that will be used to prevent the permittee’s stormwater discharges from degrading local
waterbodies. Thus, a consideration of these measures—their effectiveness in meeting different
goals, their cost, and how they are coordinated with one another—is central to any evaluation of
the Stormwater Program. This report uses the term stormwater control measure (SCM) instead
of the term best management practice (BMP) because the latter is poorly defined and not specific
to the field of stormwater.

The committee’s statement of task asks for an evaluation of the relationship between
different levels of stormwater pollution prevention plan implementation and in-stream water
quality. As discussed in the last two chapters, the state of the science has yet to reveal the
mechanistic links that would allow for a full assessment of that relationship. However, enough is
known to design systems of SCMs, on a site scale or local watershed scale, to lessen many of the
effects of urbanization. Also, for many regulated entities the current approach to stormwater
management consists of choosing one or more SCMs from a preapproved list. Both of these
facts argue for the more comprehensive discussion of SCMs found in this chapter, including
information on their characteristics, applicability, goals, effectiveness, and cost. In addition, a
multitude of case studies illustrate the use of SCMs in specific settings and demonstrate that a
particular SCM can have a measurable positive effect on water quality or a biological metric.
The discussion of SCMs is organized along the gradient from the rooftop to the stream. Thus,
pollutant and runoff prevention are discussed first, followed by runoff reduction and finally
pollutant reduction.

HISTORICAL PERSPECTIVE ON STORMWATER CONTROL MEASURES

Over the centuries, SCMs have met different needs for cities around the world. Cities in
the Mesopotamian Empire during the second millennium BC had practices for flood control, to
convey waste, and to store rain water for household and irrigation uses (Manor, 1966) (see
Figure 5-1). Today, SCMs are considered a vital part of managing flooding and drainage
problems in a city. What is relatively new is an emphasis on using the practices to remove
pollutants from stormwater and selecting practices capable of providing groundwater recharge.
These recent expectations for SCMs are not readily accepted and require an increased
commitment to the proper design and maintenance of the practices.

With the help of a method for estimating peak flows (the Rational Method, see Chapter
4), the modern urban drainage system came into being soon after World War II. This generally
consisted of a system of catch basins and pipes to prevent flooding and drainage problems by
efficiently delivering runoff water to the nearest waterbody. However, it was soon realized that
delivering the water too quickly caused severe downstream flooding and bank erosion in the
receiving water. To prevent bank erosion and provide more space for flood waters, some stream
channels were enlarged and lined with concrete (see Figure 5-2). But while hardening and

283

EPA-BAFB-00001412



284 Urban Stormwater Management in the United States

e e o

FIGURE 5-1 Cistern tank, Kamiros, Rhodes (ancient Greece, 7th century BC). SOURCE:
Robert Pitt.

FIGURE 5-2 Concrete channerin Lincoln‘Créék, Milwaukee, Wisconsin. SOURCE: Roger
Bannerman.
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enlarging natural channels is a cost-effective solution to erosion and flooding, the modified
channel increases downstream peak flows and it does not provide habitat to support a healthy
aquatic ecosystem.

Some way was needed to control the quantity of water reaching the end of pipes during a
runoff event, and on-site detention (Figure 5-3) became the standard for accomplishing this.
Ordinances started appearing in the early 1970s, requiring developers to reduce the peaks of
different size storms, such as the 10-year, 24-hour storm. The ordinances were usually intended
to prevent future problems with peak flows by requiring the installation of flow control
structures, such as detention basins, in new developments. Detention basins can control peak
flows directly below the point of discharge and at the property boundary. However, when
designed on a site-by-site basis without taking other basins into account, they can lead to
downstream flooding problems because volume is not reduced (McCuen, 1979; Ferguson, 1991;
Traver and Chadderton, 1992; EPA, 2005d). In addition, out of concerns for clogging, openings
in the outlet structure of most basins are generally too large to hold back flows from smaller,
more frequent storms. Furthermore, low-flow channels have been constructed or the basins have
been graded to move the runoff through the structure without delay to prevent wet areas and to
make it easier to mow and maintain the detention basin.

Because of the limitations of on-site detention, infiltration of urban runoff to control its
volume has become a recent goal of stormwater management. Without stormwater infiltration,
municipalities in wetter regions of the country can expect drops in local groundwater levels,
declining stream base flows (Wang et al., 2003a), and flows diminished or stopped altogether
from springs feeding wetlands and lakes (Leopold, 1968; Ferguson, 1994).

The need to provide volume control marked the beginning of low-impact development
(LID) and conservation design (Arendt, 1996; Prince George’s County, 2000), which were
founded on the seminal work of landscape architect lan McHarg and associates decades earlier
(McHarg and Sutton, 1975; McHarg and Steiner, 1998). The goal of LID is to allow for
development of a site while maintaining as much of its natural hydrology as possible, such as
infiltration, frequency and volume of discharges, and groundwater recharge. This is
accomplished with infiltration practices, functional grading, open channels, disconnection of

FIGURE 5-3 On-site detention. SOURCE: Tom Schueler.
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impervious areas, and the use of fewer impervious surfaces. Much of the LID focus is to manage
the stormwater as close as possible to its source—that is, on each individual lot rather than
conveying the runoff to a larger regional SCM. Individual practices include rain gardens (see
Figure 5-4), disconnected roof drains, porous pavement, narrower streets, and grass swales. In
some cases, LID site plans still have to include a method for passing the larger storms safely,
such as a regional infiltration or detention basin or by increasing the capacity of grass swales.

Infiltration has been practiced in a few scattered locations for a long time. For example,
on Long Island, New York, infiltration basins were built starting in 1930 to reduce the need for a
storm sewer system and to recharge the aquifer, which was the only source of drinking water
(Ferguson, 1998). The Cities of Fresno, California, and El Paso, Texas, which faced rapidly
dropping groundwater tables, began comprehensive infiltration efforts in the 1960s and 1970s.
In the 1980s Maryland took the lead on the east coast by creating an ambitious statewide
infiltration program. The number of states embracing elements of LID, especially infiltration,
has increased during the 1990s and into the new century and includes California, Florida,
Minnesota, New Jersey, Vermont, Washington, and Wisconsin.

Evidence gathered in the 1970s and 1980s suggested that pollutants be added to the list of
things needing control in stormwater (EPA, 1983). Damages caused by elevated flows, such as
stream habitat destruction and floods, were relatively easy to document with something as simple
as photographs. Documentation of elevated concentrations of conventional pollutants and
potentially toxic pollutants, however, required intensive collection of water quality samples
during runoff events. Samples collected from storm sewer pipes and urban streams in the
Menomonee River watershed in the late 1970s clearly showed the concentrations of many
pollutants, such as heavy metals and sediment, were elevated in urban runoff (Bannerman et al.,
1979). Levels of heavy metals were especially high in industrial-site runoff, and construction-
site erosion was calculated to be a large source of sediment in the watershed. This study was
followed by the National Urban Runoff Program, which added more evidence about the high
levels of some pollutants found in urban runoff (Athayde et al., 1983; Bannerman et al., 1983).

kskok
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With new development rapidly adding to the environmental impacts of existing urban
areas, the need to develop good stormwater management programs is more urgent than ever. For
a variety of reasons, the greatest potential for stormwater management to reduce the footprint of
urbanization is in the suburbs. These areas are experiencing the fastest rates of growth, they are
more amenable to stormwater management because buildings and infrastructure are not yet in
place, and costs for stormwater management can be borne by the developer rather than by
taxpayers. Indeed, most structural SCMs are applied to new development rather than existing
urban areas. Many of the most innovative stormwater programs around the country are found in
the suburbs of large cities such as Seattle, Austin, and Washington, D.C. When stormwater
management in ultra-urban areas is required, it entails the retrofitting of detention basins and
other flow control structures or the introduction of innovative below-ground structures
characterized by greater technical constraints and higher costs, most of which are charged to
local taxpayers.

Current-day SCMs represent a radical departure from past practices, which focused on
dealing with extreme flood events via large detention basins designed to reduce peak flows at the
downstream property line. As defined in this chapter, SCMs now include practices intended to
meet broad watershed goals of protecting the biology and geomorphology of receiving waters in
addition to flood peak protection. The term encompasses such diverse actions as using more
conventional practices like basins and wetland to installing stream buffers, reducing impervious
surfaces, and educating the public.,

REVIEW OF STORMWATER CONTROL MEASURES

Stormwater control measures refer to what is defined by EPA (1999) as “a technique,
measure, or structural control that is used for a given set of conditions to manage the quantity
and improve the quality of stormwater runoff in the most cost-effective manner.” SCMs are
designed to mitigate the changes to both the quantity and quality of stormwater runoff that are
caused by urbanization. Some SCMs are engineered or constructed facilities, such as a
stormwater wetland or infiltration basin, that reduce pollutant loading and modify volumes and
flow. Other SCMs are preventative, including such activities as education and better site design
to limit the generation of stormwater runoff or pollutants.

Stormwater Management Goals

It is impossible to discuss SCMs without first considering the goals that they are expected
to meet. A broadly stated goal for stormwater management is to reduce pollutant loads to
waterbodies and maintain, as much as possible, the natural hydrology of a watershed. On a
practical level, these goals must be made specific to the region of concern and embedded in the
strategy for that region. Depending on the designated uses of the receiving waters, climate,
geomorphology, and historical development, a given area may be more or less sensitive to both
pollutants and hydrologic modifications. For example, goals for groundwater recharge might be
higher in an area with sandy soils as compared to one with mostly clayey soils; watersheds in the
coastal zone may not require hydrologic controls. Ideally, the goals of stormwater management
should be linked to the water quality standards for a given state’s receiving waters. However,
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because of the substantial knowledge gap about the effect of a particular stormwater discharge on
a particular receiving water (see Chapter 3 conclusions), surrogate goals are often used by state
stormwater programs in lieu of water quality standards. Examples include credit systems,
mandating the use of specific SCMs, or achieving stormwater volume reduction. Credit systems
might be used for practices that are known to be productive but are difficult to quantify, such as
planting trees. Specific SCMs might be assumed to remove a percent of pollutants, for example
85 percent removal of total suspended solids (TSS) within a stormwater wetland. Reducing the
volume of runoff from impervious surfaces (e.g., using an infiltration device) might be assumed
to capture the first flush of pollutants during a storm event. Before discussing specific state
goals, it is worth understanding the broader context in which goals are set.

Trade-offs Between Stormwater Control Goals and Costs

The potentially substantial costs of implementing SCMs raise a number of fundamental
social choices concerning land-use decisions, designated uses, and priority setting for urban
waters. To illustrate some of these choices, consider a hypothetical urban watershed with three
possible land-cover scenarios: 25, 50, and 75 percent impervious surface. A number of different
beneficial uses could be selected for the streams in this watershed. At a minimum, the goal may
be to establish low-level standards to protect public health and safety. To achieve this, sufficient
and appropriate SCMs might be applied to protect residents from flooding and achieve water
quality conditions consistent with secondary human contact. Alternatively, the designated use
could be to achieve the physical, chemical, and/or biological conditions sufficient to provide
exceptional aquatic habitat (e.g., a high-quality recreational fishery). The physical, biological,
and chemical conditions supportive of this use might be similar to a reference stream located in a
much less disturbed watershed. Achieving this particular designated use would require
substantially greater resources and effort than achieving a secondary human contact use.
Intermediate designated uses could also be imagined, including improving ambient water quality
conditions that would make the water safe for full-body emersion (primary human contact) or
habitat conditions for more tolerant aquatic species.

Figure 5-5 sketches what the marginal (incremental) SCM costs (opportunity costs) might
be to achieve different designated uses given different amounts of impervious surface in the
watershed. The horizontal axis orders potential designated uses in terms of least difficult to most
difficult to achieve. The three conceptual curves represent the SCM costs under three different
impervious surface scenarios. The relative positions of the cost curves indicate that achieving
any specific designated use will be more costly in situations with a higher percentage of the
watershed in impervious cover. All cost curves are upward sloping, reflecting the fact that
incremental improvements in designated uses will be increasingly costly to achieve. The cost
curves are purely conceptual, but nonetheless might reasonably reflect the relative costs and
direction of change .associated with achieving specific designated uses in different watershed
conditions.

The locations of the cost curves suggest that in certain circumstances not all designated
uses can be achieved or can be achieved only at an extremely high cost. For example, the
attainment of exceptional aquatic uses may be unachievable in areas with 50 percent impervious
surface even with maximum application of SCMs. In this illustration, the cost of achieving even
secondary human contact use is high for areas with 75 percent impervious surfaces. In such
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FIGURE 5-5 Cost of achieving designated uses in a hypothetical urban watershed. MCC is the
marginal control cost, which represents the incremental costs to achieve successive expansion
of designated uses through SCMs. The curves are constructed on the assumption that the
lowest cost combination of SCMs would be implemented at each point on the curve.

highly urbanized settings, achievement of only adequate levels of aquatic uses could be
exceedingly high and strain the limits of what is technically achievable. Finally, the existing and
likely expected future land-use conditions have significant implications for what is achievable
and at what cost. Clearly land-use decisions have an impact on the cost and whether a use can be
achieved, and thus they need to be included in the decision process. The trade-off between costs
and achieving specific designated uses can change substantially given different development
patterns.

The purpose of Figure 5-5 is not to identify the precise location of the cost curves or to
identify thresholds for achieving specific designated uses. Rather, these concepts are used to
illustrate some fundamental trade-offs that confront public and private investment and regulatory
decisions concerning stormwater management. The general relationships shown in Figure 5-5
suggest the need for establishing priorities for investments in stormwater management and
controls, and connecting land usage and watershed goals. Setting overly ambitious or costly
goals for urban streams may result in the perverse consequence of causing more waters to fail to
meet designated uses. For example, consider efforts to secure ambitious designated uses in
highly developed areas or in an area slated for future high-density development. Regulatory
requirements and investments to limit stormwater quantity and quality through open-space
requirements, areas set aside for infiltration and water detention, and strict application of
maximum extent practicable controls have the effect of both increasing development costs and
diminishing land available for residential and commercial properties. Policies designed to
achieve exceedingly costly or infeasible designated uses in urban or urbanizing areas could have
the net consequence of shifting development (and associated impervious surface) out into
neighboring areas and watersheds. The end result might be minimal improvements in “within-
watershed” ambient conditions but a decrease in designated uses (more impairments) elsewhere.
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In such a case, it might be sound water quality policy to accept higher levels of impervious
surface in targeted locations, more stormwater-related impacts, and less ambitious designated
uses in urban watersheds in order to preserve and protect designated uses in other watersheds.

Setting unrealistic or unachievable water quality objectives in urban areas can also pose
political risks for stormwater management. The cost and difficulty of achieving ambitious water
quality standards for urban stream goals may be understood by program managers but pursued
nonetheless in efforts to demonstrate public commitment to achieving high-quality urban waters.
Yet, promising what cannot be realistically achieved may act to undermine public support for
urban stormwater programs. Increasing costs without significant observable improvements in
ambient water conditions or achievement of water quality standards could ultimately reduce
public commitment to the program. Thus, there are risks of “setting the bar” too high, or not
coordinating land use and designated stream uses.

The cost of setting the bar too low can also be significant. Stormwater requirements that
result in ineffective stormwater management will not achieve or maintain the desired water uses
and can result in impairments. Loss of property, degraded waters, and failed infrastructure are
tangible costs to the public (Johnston et al., 2006). Streambank rehabilitation costs can be
severe, and loss of confidence in the ability to meet stormwater goals can result.

The above should not be construed as an argument for or against devoting resources to
SCMs; rather, such decisions should be made with an open and transparent acknowledgment and
understanding of the costs and consequences involved in those decisions.

Common State Stormwater Goals

Most states do not and have never had an overriding water quality objective in their
stormwater program, but rather have used engineering criteria for SCM performance to guide
stormwater management. These criteria can be loosely categorized as

¢ Erosion and sedimentation control,

e Recharge/base flow,

e Water quality,

o Channel protection, and

e Flooding events.
The SCMs used to address these goals work by minimizing or eliminating increases in
stormwater runoff volume, peak flows, and/or the pollutant load carried by stormwater.

The criteria chosen by any given state usually integrate state, federal, and regional laws
and regulations. Areas of differing climates may emphasize one goal over another, and the
levels of control may vary drastically. Contrast a desert region where rainwater harvesting is
extremely important versus a coastal region subject to hurricanes. Some areas like Seattle have
frequent smaller volume rainfalls—the direct opposite of Austin, Texas—such that small volume
controls would be much more effective in Seattle than Austin. Regional geology (karst) or the
presence of Brownfields may affect the chosen criteria as well.

The committee’s survey of State Stormwater Programs (Appendix C) reflects a wide
variation in program goals as reflected in the criteria found in their SCM manuals. Some states
have no specific criteria because they do not produce SCM manuals, while others have manuals
that address every category of criteria from flooding events to groundwater recharge. Some
states rely upon EPA or other states’ or transportation agencies’ manuals. In general, soil and
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erosion control criteria are the most common and often exist in the absence of any other state
criteria. This wide variation reflects the difficulties that states face in keeping up with rapidly
changing information about SCM design and performance.

The criteria are ordered below (after the section on erosion and sediment control)
according to the size of the storm they address, from smallest to most extreme. The criteria can
be expressed in a variety of ways, from a simple requirement to control a certain volume of
rainfall or runoff (expressed as a depth) to the size of a design storm to more esoteric
requirements, such as limiting the time that flow can be above a certain threshold. The volumes
of rainfall or runoff are based on statistics of a region’s daily rainfall, and they approximate one
another as the percentage of impervious cover increases. Design storms for larger events that
address channel protection and flooding are usually based on extreme event statistics and tend to
represent a temporal pattern of rainfall over a set period, usually a day. Finally, it should be
noted that the categories are not mutually exclusive; for example, recharge of groundwater may
enhance water quality via pollutant removal during the infiltration process.

Erosion and Sedimentation Control. This criterion refers to the prevention of erosion
and sedimentation of sites during construction and is focused at the site level. Criteria usually
include a barrier plan to prevent sedimentation from leaving the site (e.g., silt fences), practices
to minimize the potential erosion (phased construction), and facilities to capture and remove
sediment from the runoff (detention). Because these measures are considered temporary, smaller
extreme events are designated as the design storm than what typically would be used if flood
control were the goal. '

Recharge/Base Flow. This criterion is focused on sustaining the preconstruction
hydrology of a site as it relates to base flow and recharge of groundwater supplies. It may also
include consideration of water usage of the property owners and return through septic tanks and
tile fields. The criterion, expressed as a volume requirement, is usually to capture around 0.5 to
1.0 inch of runoff from impervious surfaces depending on the climate and soil type of the region.
(For this range of rainfall, very little runoff occurs from grass or forested areas, which is why
runoff from impervious surfaces is used as the criterion.)

Water Quality. Criteria for water quality are the most widespread, and are usually
crafted as specific percent removal for pollutants in stormwater discharge. Generally, a water
quality criterion is based on a set volume of stormwater being treated by the SCM. The size of
the storm can run from the first inch of rainfall off impervious surfaces to the runoff from the
one-year, 24-hour extreme storm event. It should be noted that the term “water quality” covers a
wide range of groundwater and surface water pollutants, including water temperature and
emerging contaminants.

Many of the water quality criteria are surrogates for more meaningful parameters that are
difficult to quantify or cannot be quantified, or they reflect situations where the science is not
developed enough to set more explicit goals. For example, the Wisconsin state requirement of
an 80 percent reduction in TSS in stormwater discharge does not apply to receiving waters
themselves. However, it presumes that there will be some water quality benefits in receiving
waters; that is, phosphorus and fecal coliform might be captured by the TSS requirement.
Similarly water quality criteria may be expressed as credits for good practices, such as using
LID, street sweeping, or stream buffers.
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Channel Protection. This criterion refers to protecting channels from accelerated
erosion during storm events due to the increased runoff. It is tied to either the presumed
“channel-forming event”—what geomorphologists once believed was the storm size that created
the channel due to erosion and deposition—or to the minimum flow that accomplishes any
degree of sediment transport. It is generally defined as somewhere between the one- and five-
year, 24-hour storm event or a discharge level typically exceeded once to several times per year.
Some states require a reduction in runoff volume for these events to match preconstruction
levels. Others may require that the average annual duration of flows that are large enough to
erode the streambank be held the same on an annual basis under pre- and postdevelopment
conditions.

It is not uncommon to find states where a channel protection goal will be written poorly,
such that it does not actually prevent channel widening. For example, MacRae (1997) presented
a review of the common “zero runoff increase” discharge criterion, which is commonly met by
using ponds designed to detain the two-year, 24-hour storm. MacRae showed that stream bed
and bank erosion occur during much lower events, namely mid-depth flows that generally occur
more often than once a year, not just during bank-full conditions (approximated by the two-year
event). This finding is entirely consistent with the well-established geomorphological literature
(e.g., Pickup and Warner, 1976; Andrews, 1984; Carling, 1988; Sidle, 1988). During monitoring
near Toronto, MacRae found that the duration of the geomorphically significant predevelopment
mid-bankfull flows increased by more than four-fold after 34 percent of the basin had been
urbanized. The channel had responded by increasing in cross-sectional area by as much as three
times in some areas, and was still expanding.

Flooding Events. This criterion addresses public safety and the protection of property
and is applicable to storm events that exceed the channel capacity. The 10- through the 100-year
storm is generally used as the standard. Volume-reduction SCMs can aid or meet this criterion
depending on the density of development, but usually assistance is needed in the form of
detention SCMs. In some areas, it may be necessary to reduce the peak flow to below
preconstruction levels in order to avoid the combined effects of increased volume, altered timing,
and a changed hydrograph. It should be noted that some states do not consider the larger storms
(100-year) to be a stormwater issue and have separate flood control requirements.

Each state develops a framework of goals, and the corresponding SCMs used to meet
them, which will depend on the scale and focus of the stormwater management strategy. A few
states have opted to express stormwater goals within the context of watershed plans for regions
of the state. However, the setting of goals on a watershed basis is time-consuming and requires
study of the watersheds in question. The more common approach has been to set generic or
minimal controls for a region that are not based on a watershed plan. This has been done in
Maryland, Wisconsin (see Box 5-1), and Pennsylvania (see Box 5-2). This strategy has the
advantage of more rapid implementation of some SCMs because watershed management plans
are not required. In order to be applicable to all watersheds in the state, the goals must target
common pollutants or flow modification factors where the processes are well known. It must
also be possible for these goals to be stated in National Pollutant Discharge Elimination System
(NPDES) permits. Many states have selected TSS reduction, volume reduction, and peak flow
control as generic.goals. A generic goal is not usually based on potentially toxic pollutants, such
as heavy metals, due to the complexity of their interaction in the environment, the dependence on
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BOX 5-1
Wisconsin Statewide Goal of TSS Reduction for Stormwater Management

To measure the success of stormwater management, Wisconsin has statewide goals for
sediment and flow (Wisconsin DNR, 2002). A lot is known about the impacts of sediment on receiving
waters, and any reduction is thought to be beneficial. Flow can be a good indicator of other factors; for
example, reducing peak flows will prevent bank erosion.

Developing areas in Wisconsin are required to reduce the annual TSS load by 80 percent
compared to no controls (Wisconsin DNR, 2002). Two flow-rated requirements for developing areas are
in the administrative rules. One is that the site must maintain the peak flow for the two-year, 24-hour
rainfall event. Second, the annual infiltration volume for postdevelopment must be within 90 percent of
the predevelopment volumes for residential land uses; the number for non-residential is 60 percent. Both
of these flow control goals are thought to also have water quality benefits.

The goal for existing urban areas is an annual reduction in TSS loads. Municipalities must
reduce their annual TSS loads by 20 percent, compared to no controls, by 2008. This number is
increased to 40 percent by 2013. All of these goals were partially selected to be reasonable based on
cost and technical feasibility.

BOX 5-2
Volume-Based Stormwater Goals in Pennsylvania

Pennsylvania has developed a stormwater Best Management Practices manual to support the
Commonwealth’s Storm Water Management Act. This manual and an accompanying sample ordinance
advocates two methods for stormwater control based on volume, termed Control Guidance (CG) 1 and 2.
The first (CG-1) requires that the runoff volume be maintained at the two-year, 24-hour storm level (which
corresponds to approximately 3.5 inches of rainfall in this region) through infiltration, evapotranspiration,
or reuse. This criterion addresses recharge/base flow, water quality, and channel protection, as well as
helping to meet flooding requirements.

The second method (CG-2) requires capture and removal of the first inch of runoff from paved
areas, with infiltration strongly recommended to address recharge and water quality issues. Additionally,
to meet channel protection criteria, the second inch is required to be held for 24 hours, which should
reduce the channel-forming flows. (This is an unusual criterion in that it is expressed as what an SCM
can accomplish, not as the flow that the channel can handle.) Peak flows for larger events are required to
be at preconstruction levels or less if the need is established by a watershed plan. These criteria are the
starting point for watershed or regional plans, to reduce the effort of plan development. Some credits are
available for tree planting, and other nonstructural practices are advocated for dissolved solids mitigation.
See http://www.dep.state.pa.us/dep/deputate/watermgt/wc/subjects/stormwatermanagement/default.htm.

the existing baseline conditions, and the need for more understanding on what are acceptable
levels. The difficulty with the generic approach is that specific watershed issues are not
addressed, and the beneficial uses of waters are not guaranteed.

One potential drawback of a strategy based on a generic goal coupled to the permit
process is that the implementation of the goal is usually on a site-by-site basis, especially for
developing areas. Generic goals may be appropriate for certain ubiquitous watershed processes
and are clearly better than having no goals at all. However, they do not incorporate the effects of
differences in past development and any unique watershed characteristics; they should be
considered just a good starting point for setting watershed-based goals.
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Role of SCMs in Achieving Stormwater Management Goals

One important fundamental change in SCM design philosophy has come about because
of the recent understanding of the roles of smaller storms and of impervious surfaces. This is
demonstrated by Box 3-4, which shows that for the Milwaukee area more than 50 percent of the
rainfall by volume occurs in storms that have a depth of less then 0.75 inch. If extreme events
are the only design criteria for SCMs, the vast majority of the annual rainfall will go untreated or
uncontrolled, as it is smaller than the minimum extreme event. This relationship is not the same
in all regions. For example, in Austin, Texas, the total yearly rainfall is smaller than in
Milwaukee, but a large part of the volume occurs during larger storm events, with long dry
periods in between.

The upshot is that the design strategy for stormwater management, including drainage
systems and SCMs, should take a region’s rainfall and associated runoff conditions into account.
For example, an SCM chosen to capture the majority of the suspended solids, recharge the
baseflow, reduce streambank erosion, and reduce downstream flooding in Pennsylvania or
Seattle (which have moderate and regular rainfall) would likely not be as effective in Texas,
where storms are infrequent and larger. In some areas, a reduction in runoff volume may not be
sufficient to control streambank erosion and flooding, such that a second SCM like an extended
detention stormwater wetland may be needed to meet management goals.

Finally, as discussed in greater detail in a subsequent section, SCMs are most effective
from the perspective of both efficiency and cost when stormwater management is incorporated in
the early planning stages of a community. Retrofitting existing development with SCMs is much
more technically difficult and costly because the space may not be available, other infrastructure
is already installed, or utilities may interfere. Furthermore, if the property is on private land or
dedicated as an easement to a homeowners association, there may be regulatory limitations to
what can be done. Because of these barriers, retrofitting existing urban areas often depends on
engineered or manufactured SCMs, which are more expensive in both construction and
operation.

Stormwater Control Measures

SCMs reduce or mitigate the generation of stormwater runoff and associated pollutants.
These practices include both “structural” or engineered devices as well as more “nonstructural
measures” such as land-use planning, site design, land conservation, education, and stewardship
practices. Structural practices may be defined as any facility constructed to mitigate the adverse
impacts of stormwater and urban runoff pollution. Nonstructural practices, which tend to be
longer-term and lower-maintenance solutions, can greatly reduce the need for or increase the
effectiveness of structural SCMs. For example, product substitution and land-use planning may
be key to the successful implementation of an infiltration SCM. Preserving wooded areas and
reducing street widths can allow the size of detention basins in the area to be reduced.

Table 5-1 presents the expansive list of SCMs that are described in this chapter. For most
of the SCMs, each listed item represents a class of related practices, with individual methods
discussed in greater detail later in the chapter. There are nearly 20 different broad categories of
SCMs that can be applied, often in combination, to treat the quality and quantity of stormwater
runoff. A primary difference among the SCMs relates to which stage of the development cycle
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they are applied, where in the watershed they are installed, and who is responsible for
implementing them.

The development cycle extends from broad planning and zoning to site design,
construction, occupancy, retrofitting, and redevelopment. As can be seen, SCMs are applied
throughout the entire cycle. The scale at which the SCM is applied also varies considerably.
While many SCMs are installed at individual sites as part of development or redevelopment
applications, many are also applied at the scale of the stream corridor or the watershed or to
existing municipal stormwater infrastructure. The final column in Table 5-1 suggests who would
implement the SCM. In general, the responsibility for implementing SCMs primarily resides
with developers and local stormwater agencies, but planning agencies, landowners, existing
industry, regulatory agencies, and municipal separate storm sewer system (MS4) permittees can
also be responsible for implementing many key SCMs.

In Table 5-1, the SCMs are ordered in such a way as to mimic natural systems as rain
travels from the roof to the stream through combined application of a series of practices
throughout the entire development site. This order is upheld throughout the chapter, with the
implication that no SCM should be chosen without first considering those that precede it on the
list.

Given that there are 20 different SCM groups and a much larger number of individual
design variations or practices within each group, it is difficult to authoritatively define the
specific performance or effectiveness of SCMs. In addition, our understanding of their
performance is rapidly changing to reflect new research, testing, field experience, and
maintenance history. The translation of these new data into design and implementation guidance
is accelerating as well. What is possible is to describe their basic hydrologic and water quality
objectives and make a general comparative assessment of what is known about their design,
performance, and maintenance as of mid-2008. This broad technology assessment is provided in
Table 5-2, which reflects the committee’s collective understanding about the SCMs from three
broad perspectives:

¢ Is widely accepted design or implementation guidance available for the SCM and has it
been widely disseminated to the user community?
e Have enough research studies been published to accurately characterize the expected
hydrologic or pollutant removal performance of the SCM in most regions of the country?
o Is there enough experience with the SCM to adequately define the type and scope of
maintenance needed to ensure its longevity over several decades?
Affirmative answers to these three questions are needed to be able to reliably quantify or model
the ability of the SCM, which is an important element in defining whether the SCM can be
linked to improvements in receiving water quality. As will be discussed in subsequent sections
of this chapter, there are many SCMs for which there is only a limited understanding,
particularly those that are nonstructural in nature.

The columns in Table 5-2 summarize several important factors about each SCM,
including the ability of the SCM to meet hydrologic control objectives and water quality
objectives, the availability of design guidance, the availability of performance studies, and
whether there are maintenance protocols. The hydrologic control objectives range from
complete prevention of stormwater flow to reduction in runoff volume and reduction in peak
flows. The column on water quality objectives describes whether the SCM can prevent the
generation of, or remove, contaminants of concern in stormwater.
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TABLE 5-1 Summary of Stormwater Control Measures—When, Where, and Who

Stormwater Control When Where Who
Measure
Product Substitution Continuous National, state, Regulatory agencies
regional
Watershed and Land-Use Planning stage Watershed Local planning agencies
Planning )
Conservation of Natural Site and watershed Site, Developer, local planning
Areas planning stage watershed agency
Impervious Cover Site planning stage Site Developer, local review
Minimization ' authority
Earthwork Minimization Grading plan Site Developer, local review
authority
Erosion and Sediment Construction Site Developer, local review
Control authority
Reforestation and Soil Site planning and Site Developer, local review
Conservation construction authority
Pollution Prevention SCMs | Post-construction Site Operators and local and
for Stormwater Hotspots or retrofit state permitting agencies
Runoff Volume Reduction— | Post-construction Rooftop Developer, local planning
Rainwater harvesting or retrofit agency and review
authority
Runoff Volume Reduction— | Post-construction Site Developer, local planning
Vegetated or retrofit agency and review
authority
Runoff Volume Reduction— | Post-construction Site Developer, local planning
Subsurface or retrofit agency and review
authority
Peak Reduction and Runoff | Post-construction Site Developer, local planning
Treatment or retrofit agency and review
authority
Runoff Treatment Post-construction Site Developer, local planning
or retrofit agency and review
. authority
Aquatic Buffers and Planning, construction | Stream corridor Developer, local plan-
Managed Floodplains and post-construction ning agency and review

authority, landowners

Stream Rehabilitation Postdevelopment Stream corridor Local planning agency
and review authority

Municipal Housekeeping Postdevelopment Streets and storm- | MS4 Permittee
water infrastructure

lllicit Discharge Detection Postdevelopment Stormwater MS4 Permittee

and Elimination infrastructure

Stormwater Education Postdevelopment Stormwater MS4 Permittee

: infrastructure

Residential Stewardship Postdevelopment Stormwater MS4 Permittee

infrastructure

Note: Nonstructural SCMs are in italics.
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The availability of design guidance tends to be greatest for the structural practices. Some
but not all nonstructural practices are of recent origin, and communities lack available design
guidance to include them as an integral element of local stormwater solutions. Where design
guidance is available, it may not yet have been disseminated to the full population of Phase II
MS4 communities.

. The column on the availability of performance data is divided into those SCMs where

enough studies have been done to adequately define performance, those SCMs where limited
work has been done and the results are variable, and those SCMs where only a handful of studies
are available. A large and growing number of performance studies are available that report the
efficiencies of structural SCMs in reducing flows and pollutant loading (Strecker et al., 2004;
ASCE, 2007; Schueler et al., 2007; Selbig and Bannerman, 2008). Many of these are compiled
in the Center for Watershed Protection’s National Pollutant Removal Performance Database for
Stormwater Treatment Practices (http://www.cwp.org/Resource Libra-
ry/Center_Docs/SW/bmpwriteup 092007 _v3.pdf), in the International Stormwater BMP
Database (http://www.bmpdatabase.org/Docs/Performance%20Summary%20June%202008.pdf),
and by the Water Environment Research Foundation (WERF, 2008). In cases where there is
incomplete understanding of their performance, often information can be gleaned from other
fields including agronomy, forestry, petroleum exploration, and sanitary engineering. Current
research suggests that it is not a question if whether structural SCMs “work” but more of a
question of to what degree and with what longevity (Heasom et al., 2006; Davis et al., 2008;
Emerson and Traver, 2008). There is considerably less known about the performance of
nonstructural practices for stormwater treatment, partly because their application has been
uneven around the country and it remains fairly low in comparison to structural stormwater
practices.

Finally, defined maintenance protocols for SCMs can be nonexistent, emerging, or fully
available. SCMs differ widely in the extent to which they can be considered permanent
solutions. For those SCMs that work on the individual site scale on private property, such as rain
gardens, local stormwater managers may be reluctant to adopt such practices due to concerns
about their ability to enforce private landowners to conduct maintenance over time. Similarly,
those SCMs that involve local government decisions (such as education, residential stewardship
practices, zoning, or street sweeping) may be less attractive because governments are likely to
change over time.

The following sections contain more detailed information about the individual SCMs
listed in Tables 5-1 and 5-2, including the operating unit processes, the pollutants treated, the
typical performance for both runoff and pollutant reduction, the strengths and weaknesses,
maintenance and inspection requirements, and the largest sources of variability and uncertainty.
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TABLE 5-2 Current Understanding of Stormwater Control Measure Capabilities

SCM Hydrologic Water Available Performance Defined
Control Quality Design Studies Maintenance
Objectives Objectives Guidance Available Protocols
Product Substitution NA - Prevention NA Limited NA
Watershed and Land-Use | All objectives | Prevention Available Limited Yes
Planning
Conservation of Natural | Prevention Prevention Available None Yes
Areas
Impervious Cover Prevention Prevention Available Limited No
Minimization and reduction
Earthwork Minimization | Prevention Prevention Emerging Limited Yes
Erosion and Sediment Prevention Prevention Available Limited Yes
Control and reduction | and removal
Reforestation and Soil Prevention Prevention Emerging None No
Conservation and reduction | and removal
Pollution Prevention NA Prevention Emerging Very few No
SCMs for Hotspots
Runoff Volume Reduction NA Emerging Limited Yes
Reduction—Rainwater
harvesting
Runoff Volume Reduction and | Removal Available Limited Emerging
Reduction—Vegetated some peak
(Green Roofs, Bioretention| attenuation
Bioinfiltration, Bioswales)
Runoff Volume Reduction and | Removal Available Limited Yes
Reduction—Subsurface some peak
(Infiltration Trenches, attenuation
Pervious Pavements)
Peak Reduction and Peak Removal Available Adequate Yes
Runoff Treatment attenuation
(Stormwater Wetlands,
Dry/Wet Ponds)
Runoff Treatment None Removal Emerging Adequate— Yes
(Sand Filters, sand filters
Manufactured Devices) Limited—
manufactured
devices

Agquatic Buffers and NA Prevention Available Very few Emerging
Managed Floodplains and removal
Stream Rehabilitation NA Prevention Emerging Limited Unknown

and removal
Municipal Housekeeping | NA Removal Emerging Limited Emerging
(Street Sweeping/Storm-
Drain Cleanouts)
Illicit Discharge NA Prevention Available Very few No
Detection/Elimination and removal
Stormwater Education Prevention Prevention Available Very few Emerging
Residential Stewardship | Prevention Prevention Emerging Very few | No

Note: Nonstructural SCMs are in italics.
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Key:

Hydrologic Objective Water Quality Objective Available Design Guidance?

Prevention: Prevents generation of Prevention: Prevents generation, Available: Basic design or

runoff accumulation, or wash-off of implementation guidance is available in

Reduction; Reduces volume of runoff | pollutants and/or reduces runoff most areas of the country are readily

Treatment: Delays runoff delivery volume available

only Removal: Reduces pollutant Emerging: Design guidance is still

Peak Attenuation: Reduction of peak | concentrations in runoff by physical, | under development, is missing in many

flows through detention chemical, or biological means parts of the country, or requires more
performance data

Performance Data Available? Defined Maintenance Protocol? Notes:

Very Few: Handful of studies, not No: Extremely limited understanding | NA: Not applicable for the SCM

enough data to generalize about SCM | of procedures to maintain SCM in

performance the future

Limited: Numerous studies have been | Emerging: Still learning about how

done, but results are variable or to maintain the SCM

inconsistent Yes: Solid understanding of

Adequate: Enough studies have been | maintenance for future SCM needs

done to adequately define performance

Product Substitution

Product substitution refers to the classic pollution prevention approach of reducing the
emissions of pollutants available for future wash-off into stormwater runoff. The most notable
example is the introduction of unleaded gasoline, which resulted in an order-of-magnitude
reduction of lead levels in stormwater runoff in a decade (Pitt et al., 2004a,b). Similar reductions
are expected with the phase-out of methyl tert-butyl ether (MTBE) additives in gasoline. Other
examples of product substitution are the ban on coal-tar sealants during parking lot renovation
that has reduced PAH runoff (Van Metre et al., 2006), phosphorus-free fertilizers that have
measurably reduced phosphorus runoff to Minnesota lakes (Barten and Johnson, 2007), the
painting of galvanized metal surfaces, and alternative rooftop surfaces (Clark et al., 2005).
Given the importance of coal power plant emissions in the atmospheric deposition of nitrogen
and mercury, it is possible that future emissions reductions for such plants may result in lower
stormwater runoff concentrations for these two pollutants.

The level of control afforded by product substitution is quite high if major reductions in
emissions or deposition can be achieved. The difficulty is that these reductions require action in
another environmental regulatory arena, such as air quality, hazardous waste, or pesticide
regulations, which may not see stormwater quality as a core part of their mission.

Watershed and Land-Use Planning
Communities can address stormwater problems by making land-use decisions that change
the location or quantity of impervious cover created by new development. This can be

accomplished through zoning, watershed plans, comprehensive land-use plans, or Smart Growth
incentives.
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The unit process that is managed is the amount of impervious cover, which is strongly
related to various residential and commercial zoning categories (Cappiella and Brown, 2000).
Numerous techniques exist to forecast future watershed impervious cover and its probable
impact on the quality of aquatic resources (see the discussion of the Impervious Cover Model in
Chapter 3; CWP, 1998a; MD DNR, 2005). Using these techniques and simple or complex
simulation models, planners can estimate stormwater flows and pollutant loads through the
watershed planning process and alter the location or intensity of development to reduce them.

The level of control that can be achieved by watershed and land-use planning is
theoretically high, but relatively few communities have aggressively exercised it. The most
common application of downzoning has been applied to watersheds that drain to drinking water
reservoirs (Kitchell, 2002). The strength of this practice is that it has the potential to directly
address the underlying causes of the stormwater problem rather than just treating its numerous
symptoms. The weakness is that local decisions on zoning and Smart Growth are reversible and
often driven by other community concerns such as economic development, adequate
infrastructure, and transportation. In addition, powerful consumer and market forces often have
promoted low-density sprawl development. Communities that use watershed-based zoning often
require a compelling local environmental goal, since state and federal regulatory authorities have
traditionally been extremely reluctant to interfere with the local land-use and zoning powers.

Conservation of Natural Areas

Natural-area conservation protects natural features and environmental resources that help
maintain the predevelopment hydrology of a site by reducing runoff, promoting infiltration, and
preventing soil erosion. Natural areas are protected by a permanent conservation easement
prescribing allowable uses and activities on the parcel and preventing future development.
Examples include any areas of undisturbed vegetation preserved at the development site,
including forests, wetlands, native grasslands, floodplains and riparian areas, zero-order stream
channels, spring and seeps, ridge tops or steep slopes, and stream, wetland, or shoreline buffers.
In general, conservation should maximize contiguous area and avoid habitat fragmentation.

While natural areas are conserved at many development sites, most of these requirements
are prompted by other local, state, and federal habitat protections, and are not explicitly designed
or intended to provide runoff reduction and stormwater treatment. To date, there are virtually no
data to quantify the runoff reduction and/or pollutant removal capability of specific types of
natural area conservation, or the ability to explicitly link them to site design.

Impervious Cover Reduction

A variety of practices, some of which fall under the broader term “better site design,” can
be used to minimize the creation of new impervious cover and disconnect or make more
permeable the hard surfaces that are needed (Nichols et al., 1997; Richman, 1997; CWP, 1998a).
A list of some common impervious cover reduction practices for both residential and commercial
areas is provided below.
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Elements of Better Site Design: Single-Family Residential
o Maximum residential street width
Maximum street right-of-way width
Swales and other stormwater practices can be located within the right-of-way
Maximum cul-de-sac radius with a bioretention island in the center
Alternative turnaround options such as hammerheads are acceptable if they reduce
impervious cover ,
Narrow sidewalks on one side of the street (or move pedestrian pathways away from the
street entirely)
o Disconnect rooftops from the storm-drain systems
Minimize driveway length and width and utilize permeable surfaces
o Allow for cluster or open-space designs that reduce lot size or setbacks in exchange for
conservation of natural areas '
o Permeable pavement in parking areas, driveways, sidewalks, walkways, and patios

(0] O O O O
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Elements of Better Site Design: Multi-Family Residential and Commercial
o Design buildings and parking to have multiple levels
Store rooftop runoff in green roofs, foundation planters, bioretention areas, or cisterns
Reduce parking lot size by reducing parking demand ratios and stall dimensions
Use landscaping areas, tree pits, and planters for stormwater treatment
Use permeable pavement over parking areas, plazas, and courtyards

0O 0 0O

CWP (1998a) recommends minimum or maximum geometric dimensions for subdivisions,
individual lots, streets, sidewalks, cul-de-sacs, and parking lots that minimize the generation of
needless impervious cover, based on a national roundtable of fire safety, planning, transportation
and zoning experts. Specific changes in local development codes can be made using these
criteria, but it is often important to engage as many municipal agencies that are involved in
development as possible in order to gain consensus on code changes.

At the present time, there is little research available to define the runoff reduction
benefits of these practices. However, modeling studies consistently show a 10 to 45 percent
reduction in runoff compared to conventional development (CWP, 1998b,c, 2002). Several
monitoring studies have documented a major reduction in stormwater runoff from development
sites that employ various forms of impervious cover reduction and LID in the United States and
Australia (Coombes et al., 2000; Philips et al., 2003; Cheng et al., 2005) compared to those that
do not.

Unfortunately, better site design has been slowly adopted by local planners, developers,
designers, and public works officials. For example, although the project pictured in Figure 5-6
has been very successful in terms of controlling stormwater, the better-site-design principles
used have not been widely adopted in the Seattle area. Existing local development codes may
discourage or even prohibit the application of environmental site design practices, and many
engineers and plan reviewers are hesitant to embrace them. Impervious cover reduction must be
incorporated at the earliest stage of site layout and design to be effective, but outdated
development codes in many communities can greatly restrict the scope of impervious cover
reduction (see Chapter 2). Finally, the performance and longevity of impervious cover reduction
are dependent on the infiltration capability of local soils, the intensity of development, and the
future management actions of landowners.

PREPUBLICATION

EPA-BAFB-00001430



302 Urban Stormwater Management in the United States
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FIGURE 5-6 110" Street, Seattle, part of the Natural Drainage Systems Project. This location
exhibits several elements of impervious cover reduction. In particular, vegetated swales were
installed and curbs and gutters removed. There are sidewalks on only one side of the street,
and they are separated from the road by the swales. The residences’ rooftops have been
disconnected from the storm-drain systems and are redirected into the swales. SOURCE:
Seattle Public Utilities.

Earthwork Minimization

This source control measure seeks to limit the degree of clearing and grading on a
development site in order to prevent soil compaction, conserve soils, prevent erosion from steep
slopes, and protect zero-order streams. This is accomplished by (1) identifying key soils,
drainage features, and slopes to protect and then (2) establishing a limit of disturbance where
construction equipment is excluded. This element is an important, but often under-utilized
component of local erosion and sediment control plans.

Numerous researchers have documented the impact of mass grading, clearing, and the
passage of construction equipment on the compaction of soils, as measured by increase in bulk
density, declines in soil permeability, and increases in the runoff coefficient (Lichter and
Lindsey, 1994; Legg et al., 1996; Schueler, 2001a,b; Gregory et al., 2006). Another goal of
earthwork minimization is to protect zero-order streams, which are channels with defined banks
that emanate from a hollow or ravine with convergent contour lines (Gomi et al., 2002). They
represent the uppermost definable channels that possess temporary or intermittent flow.
Functioning zero-order channels provide major watershed functions, including groundwater
recharge and discharge (Schollen et al., 2006; Winter, 2007), important nutrient storage and
transformation functions (Bernot and Dodds, 2005; Groffman et al., 2005), storage and retention
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of eroded hill-slope sediments (Meyers, 2003), and delivery of leaf inputs and large woody
debris. Compared to high-order network streams, zero-order streams are disproportionately
disturbed by mass grading, enclosure, or channelization (Gomi et al., 2002; Meyer, 2003).

The practice of earthwork minimization is not widely applied across the country. This is
partly due to the limited performance data available to quantify its benefits, and the absence of
local or national design guidance or performance benchmarks for the practice.

Erosion and Sediment Control

Erosion and sediment control predates much of the NPDES stormwater permitting
program. It consists of the temporary installation and operation of a series of structural and
nonstructural practices throughout the entire construction process to minimize soil erosion and
prevent off-site delivery of sediment. Because construction is expected to last for a finite and
short period of time, the design standards are usually smaller and thus riskier (25-year versus the
100-year storm). By phasing construction, thereby limiting the exposure of bare earth at any one
time, the risk to the environment is reduced significantly.

The basic practices include clearing limits, dikes, berms, temporary buffers, protection of
drainage-ways, soil stabilization through hydroseeding or mulching, perimeter controls, and
various types of sediment traps and basins. All plans have some component that requires
filtration of runoff crossing construction areas to prevent sediment from leaving the site. This
usually requires a sediment collection system including, but not limited to, conventional settling
ponds and advanced sediment collection devices such as polymer-assisted sedimentation and
advanced sand filtration. Silt fences are commonly specified to filter distributed flows, and they
require maintenance and replacement after storms as shown in Figure 5-7. Filter systems are
added to inlets until the streets are paved and the surrounding area has a cover of vegetation
(Figure 5-8). Sedimentation basins (Figure 5-9) are constructed to filter out sediments through
" rock filters, or are equipped with floating skimmers or chemical treatment to settle out pollutants.
Other common erosion and sediment control measures include temporary seeding and rock or
rigged entrances to construction sites to remove dirt from vehicle tires (see Figure 5-10).

FIGURE 5-7 A functioning silt fence (left) and an impropely maintained sul fence (right).
SOURCES: EPA NPDES Menu of BMPs and Robert Traver.
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FIGURE 5-8 Sediment filter left in place after construction. SOURCE: Robert Traver.

Sedimnt l ére used to rap sediments
and temporarily detain runoff on larger

construction sites
FIGURE 5-9 Sediment basin. SOURCE: EPA NPDES Menu of BMPs.

FIGURE 5-10 Rumble strips to remove dirt from vehicle tires. SOURCE: Laura Ehlers.
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Control of the runoff’s erosive potential is a critical element. Most erosion and sediment
control manuals provide design guidance on the capacity and ability of swales to handle runoff
without eroding, on the design of flow paths to transport runoff at non-erosive velocities, and on
the dissipation of energy at pipe outlets. Examples include rock energy dissipaters, level
spreaders (see Figure 5-11), and other devices.

Box 5-3 provides a comprehensive list of recommended construction SCMs. The reader
is directed to reviews by Brown and Caraco (1997) and Shaver et al. (2007) for more
information. Although erosion and sediment control practices are temporary, they require
constant operation and maintenance during the complicated sequence of construction and after
major storm events. It is exceptionally important to ensure that practices are frequently
inspected and repaired and that sediments are cleaned out. Erosion and sediment control are
widely applied in many communities, and most states have some level of design guidance or
standards and specifications. Nonetheless, few communities have quantified the effectiveness of
a series of construction SCMs applied to an individual site, nor have they clearly defined
performance benchmarks for individual practices or their collective effect at the site. In general,
there has been little monitoring in the past few decades to characterize the performance of
construction SCMs, although a few notable studies have been recently published (e.g., Line and
White, 2007). Box 5-4 describes the effectiveness of filter fences and filter fences plus grass
buffers to reduce sediment loadings from construction activities and the resulting biological
impacts.

FIGURE 5-11 Level spreader. SOURE: Ro.bert Traver.
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