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FOREWORD

Stormwater runoff and flooding are natural events that, over the millennia, have helped
shape the world around us. Our activities on the landscape routinely alter these natural
drainage patterns by intensifying and redirecting runoff, potentially leading to stream
pollution, property damage and, in extreme cases, loss of life.

Localized flash flooding, stream bank scour and destabilization, siltation, loss of ground
water recharge, declining dry-weather stream flows and habitat destruction are all the
results of unmanaged or poorly managed stormwater. In addition to its physical impact
on the environment, stormwater may carry a variety of pollutants into our waters
including metals, bacteria, oil and grease, pesticides, nutrients and sediment. The
Department’s stream assessment efforts have documented that urban runoff is the third
leading source of stream impairment in Pennsylvania. Moving forward, these historic
problems can be avoided or minimized through a combination of forethought and
planning, and properly constructed and maintained best management practices (BMPs).
By managing stormwater runoff as a valuable and reusable resource rather than as a
waste that must be quickly moved away, a host of opportunities are opened that promote
environmental protection and enhancement while complementing new growth and
development.

This manual is based on the following set of principles:

1. Managing stormwater as a resource;

2. Preserving and utilizing existing natural features and systems;

3. Managing stormwater as close to the source as possible;

4. Sustaining the hydrologic balance of surface and ground water;

5. Disconnecting, decentralizing and distributing sources and discharges;

6. Slowing runoff down, and not speeding it up;

7. Preventing potential water quality and quantity problems;

8. Minimizing problems that cannot be avoided;

9. Integrating stormwater management into the initial site design process; and
10. Inspecting and maintaining all BMPs.

The manual supplements federal and state regulations, and the Department’s
Comprehensive Stormwater Management Policy, by emphasizing effective site planning
as the preferred method of managing runoff while also providing numerous examples of
BMPs that can be employed in Pennsylvania to further avoid and minimize flooding and
water resource problems. This manual has no independent regulatory authority. The
manual is intended to be a technical reference of planning concepts and design
standards that will satisfy Pennsylvania’s regulatory requirements and stormwater
management policies when properly tailored and applied to local site conditions.
Alternate BMPs not listed in the manual may also be used to satisfy regulatory
requirements if they provide the same or greater level of protection. No predetermined
set of practices will be applicable to every building site. Specific considerations such as
soil type, underlying geology, slope, project size and building density will determine
which practices are applicable and feasible for a given project.
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Chapter 1 Introduction and Purpose
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Pennsylvania Stormwater Best Management Practices Manual Chapter 1

1.1 Purpose of this Manual

The purpose of the Pennsylvania Stormwater Best Management Practices (BMP) Manual is to provide
guidance, options and tools that can be used to protect water quality, enhance water availability and
reduce flooding potential through effective stormwater management. This manual presents design
standards and planning concepts for use by local authorities, planners, land developers, engineers,
contractors, and others involved with planning, designing, reviewing, approving, and constructing land
development projects.

This manual describes a stormwater management approach to the land development process that
strives to:

» First, prevent or minimize stormwater problems through comprehensive planning and
development techniques, and

e Second, to mitigate any remaining potential problems by employing structural and non-structural
BMPs.

Manual users are strongly encouraged to follow the progression of prevention first and mitigation
second. Throughout the chapters of this manual the concept of an integrated stormwater management
program, based on a broad understanding of the natural land and water systems, is a key and recurring
theme. Such a thorough understanding of the natural systems demands an integrated approach to
stormwater management, so critical to “doing it better, doing it smarter.”

This manual provides guidance on managing all aspects of stormwater: rate, volume, quality, and
groundwater recharge. Controlling the peak rate of flow during extreme rainfall events is important, but
it is not sufficient to protect the quality and integrity of Pennsylvania streams. Reducing the overall
volume of runoff during large and small rainfall events, improving water quality, and maintaining
groundwater recharge for wells and stream flow are all vital elements of protecting and improving the
quality of Pennsylvania’s streams and waterways.

It is important to note that The Pennsylvania Stormwater Best Management Practice Manual has no
independent regulatory authority. The strategies, practices, recommendations and control guidelines
presented in the manual can become binding requirements only through the following means:

1. Ordinances and rules established by local municipalities, or
2. Permits and other authorizations issued by local, state, and federal agencies.

1.2 How to Use this Manual

The following provides a guide to the various chapters of the Manual.

Chapter 1 — Introduction and Purpose

Chapter 2 — Stormwater and the Impacts of Development and Imp  ervious Surfaces
This section provides an overview of the impacts of development on Pennsylvania’s natural
systems and natural resources, including discussions about the effect of increased runoff

volumes, water quality, stream channel erosion, flooding, and lost groundwater recharge and
stream baseflow.
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Chapter 3 — Stormwater Management Principles and Recommended Control Guidelines

This section discusses stormwater management principles to protect water resources and
provides recommended control guidelines for stormwater management. This chapter also
discusses how the recommended guidelines relate to diverse conditions, such as urban areas
rural settings, brownfield sites and karst topography.

Chapter 4 —Integrating Site Design and Stormwater Management

This section discusses the process of comprehensive stormwater management, which begins
with better site design and protection of important natural features first, and the use of structural
Best Management Practices to manage stormwater second. An approach to site design and
stormwater management for Pennsylvania is outlined in flowchart and checklist formats.

Chapter 5 — Non-Structural BMPs

This section describes in detail 13 design and development techniques (non-structural BMPS)
that reduce the impact of stormwater. It includes both specific design practices and
recommendations that may be required or encouraged by municipal officials within the context
of zoning and land development ordinances. Use of these “non-structural” BMPs is considered
to be the primary means of stormwater management.

Chapter 6 — Structural BMPs

This section describes in detail 21 specific engineering measures that reduce and mitigate the
impacts of development. The use of the “structural BMPSs” is considered the second step in
stormwater design. Chapter 6 includes recommendations (protocols) for the design of
infiltration systems and for soil investigation for infiltration systems.

Chapter 7 — Special Management Areas

This chapter discusses issues and stormwater management implications unique to some
special management areas such as brownfields, highways and roads, karst areas, mined lands,
water supply well areas, surface water supplies, special protection waters, and highly urbanized
areas.

Chapter 8 — Stormwater Calculations and Methodology

This chapter discusses engineering techniques and methods used to perform stormwater
calculations. Improved sources for rainfall estimates (NOAA Atlas 14, 2004) are suggested.
This chapter also provides guidance on developing stormwater calculations based on the
recommended control guidelines in Chapter 3 of the manual. In addition, this chapter includes
optional flowcharts and worksheets to assist stormwater designers and reviewers organize and
conduct their calculations.

Chapter 9 - Case Studies

This chapter presents case studies of projects that have been implemented throughout
Pennsylvania that incorporate innovative techniques and approaches to stormwater
management. This chapter identifies sites in various regions of the state that users of the
manual may visit to observe innovative stormwater management techniques in a range of
development settings.
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Appendix A — Water Quality
Appendix B — Pennsylvania Native Plant List
Appendix C — Protocols for Structural BMPs

Protocol 1 — Site Evaluation and Soil Infiltration Testing
Protocol 2 — Infiltration Systems Design and Construction Guideline

Appendix D — Storm water Calculations and Methodology — Case S tudy

Glossary

1.3 Overview of Pennsylvania’s Existing Stormwater Management Program

The Clean Stream Law of 1937 provides the legal foundation for water quality protection and
restoration, and water resources management in Pennsylvania. The Department of Environmental
Protection is primarily responsible for administering the provisions of the act. The Clean Streams Law
has been affected by passage of a series of federal laws, such as the Clean Water Act (CWA) of 1972,
which has also been amended over time. Local government implements specific regulations for land
development and stormwater management. Pennsylvania has 2566 municipalities and 376 designated
stormwater management watersheds, with diverse natural, social, and cultural features. The
Pennsylvania Municipalities Planning Code (MPC) law enables, but does not require, comprehensive
planning, zoning, and subdivision/land development regulation on the municipal, county, and regional
levels. To achieve regulatory status, the recommendations and guidelines in this manual must be
implemented by ordinances and zoning at the municipal level.

The Pennsylvania Storm Water Management Act of 1978 (Act 167) provides the legislative basis for
statewide stormwater management. The Act 167 stormwater management program is mandated,
administered, and funded at a 75 percent level by the state. However, stormwater management plans
must be developed by the respective counties in a given watershed, and be implemented by the
effected municipalities through the adoption of stormwater ordinances. This is a rather uniquely
structured “sharing” of authority and powers by all levels of Pennsylvania government.

In addition to the requirements under local zoning and ordinances, federal regulations require individual
land development projects to obtain National Pollutant Discharge Elimination System (NPDES) permits.
These permits are required for all land development projects that disturb one acre or more. The
permits authorize discharges from erosion and sediment control facilities and approve post-construction
stormwater management plans. The 1999 update to the federal stormwater regulations also required
923 small municipalities and numerous institutions throughout Pennsylvania to obtain NPDES permits
for their stormwater discharges. Each permit holder must implement and enforce a stormwater
management program that reduces the discharge of pollutants to the maximum extent practicable.
More detailed discussions of individual and municipal NPDES construction and stormwater
management permits can be found on the DEP web site under the keyword “Stormwater Management”.
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2.1 A Brief Review of Stormwater Problems in Pennsy  Ivania

Pennsylvania is the most flood prone state in the country. It has experienced several serious and
sometimes devastating floods during the past century, often as a result of tropical storms and
hurricanes, and heavy rainfall on an existing snow pack. To a large extent, the flooding that results
from such extreme storms and hurricanes occurs naturally and will continue to occur. Stormwater
management cannot eliminate rooding‘ during such severe rainfall events (Figure 2-1).

& npiel

i - .
Figure 2-1. Flooding impacts are devastating communities,
even with conventional stormwater management programs (F. Thorton).

In many watersheds throughout the state, flooding problems from rain events, including the smaller
storms, have increased over time due to changes in land use and ineffective stormwater
management. This additional flooding is a result of an increased volume of stormwater runoff being
discharged throughout the watershed. This increase in stormwater volume is the direct result of more
extensive impervious surface areas (Figure 2-2), combined with substantial tracts of natural
landscape being converted to lawns on highly compacted soil or agricultural activities.

Figure 2-2. Parking lots are common impervious surfaces that
affect stormwater runoff.
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The problems are not limited to flooding. Stormwater runoff carries significant quantities of pollutants
washed from the impervious and altered land surfaces (Figure 2-3). The mix of potential pollutants
ranges from sediment to varying quantities of nutrients, organic chemicals, petroleum hydrocarbons,
and other constituents that cause water quality degradation.

-

Figure 2-3. Pollutant laden runoff degrades water quality.

Increased stormwater runoff volume can turn small meandering streams into highly eroded and
deeply incised stream channels (Figure 2-4). Stream meander and the resulting erosion and
sedimentation is a natural process, and all channels are in a constant process of alteration.

However, as the volume of runoff from each storm event is increased, natural stream channels
experience more frequent bank full or near bankfull conditions. As a result, streams change their
natural shape and form. Pools and riffles that support aquatic life are disrupted as channels erode to
an unnatural level, and the eroded bank material contributes to sediment in the stream and degrades
it's health by smothering stream bottom habitat. The majority of this stream channel devastation is
intensified during the frequently occurring small-to-moderate precipitation events, not during major
flooding events.

Figure 2-4.Stormwater influenced stream bank morphology in Valley Creek.
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Rainfall is an important resource to replenish the groundwater and maintain stream flow (Figure 2-
5). When the stormwater runoff during a storm event is allowed to drain away rather than recharge
the groundwater, it alters the hydrologic balance of the watershed. As a consequence, stream
base flow is deprived of the constant groundwater discharge and may diminish or even cease.
During a drought, reduced stream base flow may also significantly affect the water quality in a
stream.

Rainfall

Figure 2-5. Rainfall replenishes the groundwater, which in turn provides stream base
flow.

The groundwater discharge to a stream is at a relatively constant temperature, whereas
stormwater runoff from impervious surfaces may be very hot in the summer months and extremely
cold in the winter months. These temperature extremes can have a devastating effect on aquatic
organisms, from bacteria and fungi to larger species. Many fish, especially native trout, can be
harmed by acute temperature changes of only a few degrees.

Improperly managed stormwater causes increased flooding, water quality degradation, stream
channel erosion, reduced groundwater recharge, and loss of aquatic species. But these and other
impacts can be effectively avoided or minimized through better site design. This chapter discusses
the potential problems associated with stormwater and explains the need for better stormwater
management. The problems caused by impervious and altered surfaces can be avoided or
minimized, but only through stormwater management techniques that include runoff volume
reduction, pollutant reduction, groundwater recharge and runoff rate control for all storms.
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2.2  The Hydrologic Cycle and The Effects of Develop  ment

The movement of water from the atmosphere to the land surface and then back to the atmosphere
is a continuous process, with water constantly in motion. This balanced water cycle of
precipitation, runoff, evapotranspiration, infiltration, groundwater recharge, and stream base flow
sustains Pennsylvania’s water resources. This representation of the hydrologic cycle, while
depicting the general concept, over-simplifies the complex interactions that define the surface and
subsurface flow processes of humid regions in the United States.

Changes to the land surface, along with inappropriate stormwater management, can significantly
alter the natural hydrologic cycle. In a natural Pennsylvania woodland or meadow, very little of the
annual rainfall leaves the site as runoff. More than half of the annual amount of rainfall returns to
the atmosphere through evapotranspiration. Surface vegetation, especially trees, transpires water
to the atmosphere (with seasonal variations). Water is also stored in puddles, ponds and lakes on
the earth’s surface, where some of it will evaporate. Water that percolates through the soil either
moves vertically and eventually reaches the zone of saturation or water table, moves laterally
through the soil and often emerges as springs or seeps down gradient or is stored in the soil.

Soils are influenced and formed by vegetation, climate, parent material, topography and time. All
of these factors have some effect on how water will move through the soil. Restrictive soil horizons
may impede the vertical movement of water and cause it to move laterally. It is important to
understand these factors when designing an appropriate stormwater system at a particular
location. Under natural woodland and meadow conditions, only a small portion of the annual
rainfall becomes stormwater runoff. Although the total amount of rainfall varies in different regions
of the state, the basic average hydrologic cycle shown below holds true (Figure 2-6).

AMMNUAL HYDROLOGIC CYCLE
for an
UNDISTURBED ACRE
in the
PIEDMONT REGION

RAINFALL

45" EVAFO-
TRANSPIRATION

=

FRACTURED -

BEDROCK |
k

BASEFLOW

12" or 893
CAHILL ASSOCIATES
(.)- i Ergres gpdiacre
s o sheahil s

Figure 2-6. Annual hydrologic cycle for an undisturbed acre in the Pennsylvania Piedmont region.
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Changing the land surface causes varying changes to the hydrologic cycle (Figure 2-7). Altering
one component of the water cycle invariably causes changes in other elements of the cycle.
Roads, buildings, parking areas and other impervious surfaces prevent rainfall from soaking into
the soil and significantly increase the amount of runoff. As natural vegetation is removed, the
amount of evapotranspiration decreases.

2"
EVAPORATIVE
LOSS FROM
IMPERVIOUS

REDUCED INFILTRATION

THROUGH REGRADED AND
COMPACTED SOILS IN E
GRASSES 5

0™ OF INFILTRATION
UNDER IMPERVIOUS
SURFACES

REDUCTION IN BASE
FLOW BY 15"/YR
UNDER IMPERVIOUS
SURFACES

Figure 2-7. Representative altered hydrologic cycle for a developed acre in the
Piedmont region.

These changes in the hydrologic cycle have a dramatic effect on streams and water resources.
Annual stormwater runoff volumes increase from inches to feet per acre, groundwater recharge
decreases, stream channels erode, and populations of fish and other aquatic species decline.
Past practices focused on detaining the peak flows for larger storms. While detention is helpful in
reducing peak flows for the immediate downstream neighbor, it does not address most of the other
problems discussed earlier.
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“JF“ Average Annual Precipitation in Pennsylvania, 197 [-1990 (NOAA, 2002) :
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Figure 2-8. Average annual precipitation in Pennsylvania.
2.2.1 Rainfall, Runoff, and Flooding

In Pennsylvania, average annual precipitation ranges from 37 inches to more than 45 inches per
year (Figure 2-8), and reflects a humid pattern. Nearly all of the annual rainfall occurs in small
storm events (Figure 2-9). Precipitation of an inch or less is frequent and well distributed
throughout the year. However, large storms, hurricanes, and periods of intense rainfall can occur
at any time.

65%

27%

Figure 2-9. Distribution of precipitation by storm magnitude for Harrisburg, PA (Original Data from
Penn State Climatological Office, 1926-2003)
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Stormwater management has historically focused on managing flooding from the larger but less

frequent extreme event storms (Table 2-1). Traditional site design has focused on the peak rate of

runoff during such events; that is, how fast the stormwater runoff is leaving the site after
development. Detention facilities are built to

Table 2-1. Statistical Storm Frequency Events for locations in PA slow down the rate of runoff leaving a site

(24 hour duration) (Source: NOAA National Weather Service during large Storms_ so that the rate of runoff
Precipitation Frequency Data Server, 2004). after development is not greater than the
rate before development. Regulatory criteria
. Frequency of Occurrence (Years) . . u N
Location is often based on controlling the “release
2-year Syear 10-year 50-year 100-year | rate of runoff from the 2-year through 100-
Philadelphia 3.3 4.1 4.8 6.7 7.6 year storm events. Storm frequency is
Pittsburgh 2.4 2.9 3.3 4.4 4.9 based on the statistical probability of a storm
Scranton 2.6 3.2 3.7 5.4 6.4 being exceeded in any year. Thatis, a 2-
State College 2.7 3.3 3.8 5.2 5.9 year storm has a 50% probability of being
Williamsport 2.8 3.5 4.1 6.0 7.0 exceeded in any single year, and a 100-year
Erie 2.6 3.2 3.7 5.1 5.8 storm, a 1% probablllty

Preventing increased runoff rates from large storm events is extremely important but it does not do
enough to protect streams and water quality. With a change in land surface, not only does the
peak rate of runoff increase, the volume of runoff also increases. While a stormwater detention
facility may slow the rate of runoff leaving a site, there may still be an increased volume of runoff.
This is shown graphically in Figure 2-10. Detention controls the peak runoff rate by extending the
hydrograph. So while the rate of runoff may not increase, the duration of runoff will be longer than
before development because of the increased volume.

Stormwater Runoff Hydrograph
WITH DETENTION
1500

L Post Development

1000

Predevelopment — | —= Post Development w/ Detention

Discharge (cfs)

) 10 20 30 40
Time Interval (hrs)
Figure 2-10. The hydrograph is an important tool used for understanding the hydrologic

response of a given rainfall event. The area beneath the hydrograph curve represents the total
volume of runoff being discharged.
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On a watershed basis, detention becomes ineffective downstream as the sole management
strategy for stormwater control due to the extended hydrograph and increased volume. There is
even a possibility that the peak flows may increase downstream flooding. The combination of
more runoff volume over a longer time period will result in downstream flow rates that are higher
than before development, as indicated in Figure 2-11.

‘}‘ !‘ ‘\ - Hydrograph with Detention
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Figure 2-11. This figure illustrates a small watershed comprised of five hypothetical Subbasin development
sites, 1 through 5, each of which undergoes development and relies on a separate peak rate
control detention basin. As the storm occurs, five different hydrographs result for each sub-
area and combine to create a resultant pre-development hydrograph for the overall
watershed. The net result of the combined hydrographs is that the watershed peak rate
increases considerably, because of the way in which these increased volumes are routed
through the watershed system and combine downstream. Flooding increases considerably
in peak and duration, even though these detention facilities have been installed at each
individual development.

The second reason that detention alone is not sufficient for stormwater management is that it does
not address the frequent small storm events in Pennsylvania. Most of the rainfall in Pennsylvania
occurs in relatively small storm events, as indicated for the Harrisburg area (Figure 2-9). In
Harrisburg, over half of the average annual rainfall occurs in storms of less than 1 inch (in 24
hours). Over 90 percent of the average annual rainfall occurs in storms of 2 inches or less, and
over 95 percent of average annual rainfall occurs in storms of 3 inches or less. This pattern is
typical of the entire state.

Detention facilities that are designed to control the peak flow rate for large storm events often allow
frequent small storm events to “pass through” the detention facility. These small frequent rainfall
events discharge from the site at a higher rate and a greater volume of runoff than before
development. There is also an increase in the frequency of runoff events because of the change
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in land surface. For example, little runoff will occur from most wooded sites until over an inch of
rainfall has fallen. In contrast, a paved site will generate runoff almost immediately (Figure 2-12).
After development, runoff will occur with greater frequency than before development, and runoff
may be observed with every rainfall. The design of stormwater systems that collect, convey and
concentrate runoff may further degrade conditions.

Runoff Volume from
Woodland and Impervious Surfaces

8.0
Runoff Values for the 1" and 1.5" BWoodland 7.26
7.0 | storms generated using the Small B Impervious
Storm Hydrology Methodology (Pitt, 6.37
1994), and Runoff values for the )
6.0 1 remaining storms generated using SCS
’ Runoff Curve Number Method (CN=98
for impervious and CN=73 for woods, C
50 soils, Fair Condition)

4.0 1

Runoff (inches)

3.0

2.0

1.0

0.0 -

1 inch Rainfall 1.5inch 2-yr Storm 5-yr Storm 10-yr Storm 50-yr Storm  100-yr Storm
Rainfall (3.27" (4.09) (4.78") (6.61") (7.5")

Figure 2-12. This graph generally compares the volume of runoff generated from a woodland site
with the volume of runoff generated by impervious area for different rainfall amounts.
Note that the volume increase for small storms is significant.

The combination of more runoff, more often and at higher rates will create localized flooding and
damage even in small storm events. Throughout the state, over 95 percent of the annual rainfall
volume occurs in storm events that are less than the 2-year storm event. The net effect is that
during most rainfall events, stormwater discharges are not managed or controlled, even with
numerous detention basins in place.
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2.2.2 The Impacts of Vegetation Loss and Soil Chang es

On woodland and meadow areas, over half of the average annual rainfall returns to the
atmosphere through evaporation and transpiration (Figure 2-6). The vegetation itself also
intercepts and slows the rainfall, reducing its erosive energy, reducing overland flow of runoff, and
allowing infiltration to occur. The root systems of plants also provide pathways for downward water
movement into the soil mantle.

Evapotranspiration (ET) varies tremendously with season and with type of vegetative cover. Trees
can effectively evapotranspire most, if not all, of the precipitation, that falls in summer rain showers.
Evapotranspiration dramatically declines during the winter season. During these periods, more
precipitation infiltrates and moves through the root zone, and the groundwater level rises.
Removing vegetation or changing the land type from woods and meadow to residential lawnscapes
reduces evapotranspiration and increases the amount of stormwater runoff.

Soil disturbance and compaction also increases stormwater runoff. Soils contain many small
openings called “macropores” that provide a mechanism for water to move through the soil,
especially under saturated conditions. When soil is disturbed (grading, stockpiling, heavy
equipment traffic, etc.) the soil is compacted, macropores are smashed and the natural soll
structure is altered. Soil permeability characteristics are substantially reduced.

Compaction can be measured by determining the bulk density of the soil. The more compacted the
soil is, the heavier it is by volume.

Table 2-2. Common Bulk Density Measurements Heavy construction equipment can
compact soil so significantly that the
Undisturbed Lands Residential soil bulkhdensr:tyt())f Ilka\(/jvn SC."I f
Forest & Woodlands Neighborhoods approaches the bulk density o
1.03 glcc 1.69 to 1.97 glcc concrete (Table 2-2 Ocean County,
New Jersey Soil Conservation
District, 2001; Hanks and
Golf Courses - Parks Lewandowski, 2003). The resultis a
Athletic Fields CONCRETE surface that is functionally impervious
1.69 to 1.97 g/cc 2.2 glec because the water absorbing
capacity of the sail is so altered and
reduced.

As discussed in Chapters 5 and 6, comprehensive stormwater management focuses on preventing
an increase in stormwater runoff volume by protecting vegetation and soils, or minimizing
stormwater impacts by restoring vegetation and soils to reduce runoff volumes and the velocity of
runoff. Vegetation and soils are a critical component of the “water balance” and are an essential
part of better stormwater management.

2.2.3 Groundwater Recharge, Stream Base Flow, and F  irst-Order Streams

Water moves through the soil until it is evapotranspired or reaches the groundwater table and
replenishes the aquifer. The actual movement of water through the sub-surface pathways is
complex, and less permeable soils, clay layers, and rock strata are often encountered. The water
moving through the soil is generally referred to as gravitational water or drainage water. Other
types of water in soil include capillary water and hygroscopic water. Capillary water is that water
held in soil pores by surface attraction (sometimes referred to as capillary action); this is the water
that is typically available to plants for uptake. Hygroscopic water is water that is tightly held by the
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soil particles and can only be removed by physical drying. Although capillary water does play an
important role in evaporation processes, gravitational water is of primary concern from a
stormwater management prospective.

The movement of gravitational water through the soil is influenced by a soils texture, structure,
layering and the presence of preferential flow pathways (macropores). Soil textures are defined by
the percentage of sand, silt and clay present in the soil. In general, the permeability and hydraulic
conductivity of a soil will decrease with decreasing textural grain size (i.e., gravitational water
moves more easily through sands than silts and clays). Soil texture also influences the shape of
the wetting front as water moves through a soil.

It has also been observed that there is a discontinuity of soil-water movement at the interface
between soils of different textures. This layering causes percolating water to concentrate at certain
points along the layer interface and then break into the layer interface in finger-like protrusions.
The significance is that even a change in soil texture within a vertical profile will cause a disruption
in the soil-water movement. This disruption often causes water to “back up” at the interface, which
can cause water to move laterally.

Soil structure also influences the movement of water through a soil. A disruption in the movement
of soil water will occur at the interface between soil layers of differing structures. While texture and
structure are certainly important to how water moves through soils, soil layering and the presence
of dominant flow paths (macropores) play the most significant role in defining how water moves
through the subsurface.

Soils form over time in response to their landscape position, climate, presence of organisms and
parent material. Soils that have formed in place from the weathering of their parent material,
usually form a typical profile with A, B and C horizons above bedrock. However, many soils form
from a combination of the weathering of parent materials and the deposition of transported soils
creating a more complex layering effect. In general, any interface between soil layers can slow the
downward movements of water through a soil profile and promote lateral flow. This is especially
true in sloping landscapes typical of most of Pennsylvania.

Restrictive soil layers within a soil profile also disrupt the vertical movement of soil-water and
promote the lateral movement of water through the soil. Restrictive soil layers include clay lenses,
fragipans or plow pans, for example. Fragipans are layers within a soil profile that have been
compressed as a result of some external influence (glaciation for example). This compressed layer
often causes water to perch above the fragipan and promotes lateral flow. Fragipans are
commonly found in colluvial and glacial soils. In addition, many soils in agricultural regions of
Pennsylvania contain “plow-pans” which are compressed layers of soil formed by the repeated
traversing by moldboard plows.

Soil water also follows preferential flow paths through the soil. Preferential flow paths include
pathways created by plant roots, worm or rodent burrows, cracks or voids in the soil resulting from
piping action caused by the lateral movement of soil-water. Preferential flow paths also form at the
soil rock interface and within rock structures.

The groundwater level rises and falls depending on the amount of rainfall/snowmelt and the time of
year. The water cycle illustration of Figure 2-6 estimates that approximately 12 inches of the 45
inches of average annual precipitation in this natural watershed system finds its way into the
groundwater table.
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A variety of processes can occur when precipitation falls on a natural soil surface. Hillslope
hydrology processes have been identified by Chorley (1978) and are systematically illustrated in
Figure 2-12. The flow processes illustrated here are only representative examples of the complex
interactions that occur in nature. Simplified descriptions of these processes follow:

Pat Induced Saturathon Excess @ Rhdge
Exfiltration Surface Runaff _K

Saturated Throughflow iR Uretatiratecy
Ratum Flow! ;"’ Safl Storage
e <]
Surface Runoff HriRce Rung “‘\@ T Deap P Intlg.rj__.. -';I‘ i
——
Basaflow In @ @ S ,.JI-‘ 5 ;
Effiusnt Stream T - it

1. Areas marked with a “1” are areas where the infiltration capacity of the soils exceeds the
rainfall rate. All rain falling on these areas infiltrates into the ground.

2. Areas labeled with a “2” identifies an area where the rainfall rate exceeds the surface
infiltration rate, and the excess rainfall becomes surface runoff (Hortonian surface runoff).

3. Areas marked with a “3” represents areas where the soil has become saturated and cannot
hold additional moisture; all rain falling on these areas immediately becomes surface runoff.
Saturation can occur as a result of various subsurface conditions. Areas marked “3a”
illustrates where a restricting layer (fragipans, clay lenses, etc.) limits the downward
movement of soil water creating a perched water table that reaches the ground surface.
Area “3b” identifies an area where water moving through the soil (through-flow) reaches the
surface as a spring or seep (return-flow); in these cases the surface in the vicinity of the
seep or spring becomes saturated.

4. The areas marked with a “4” represent areas of through-flow. Through-flow is the lateral
movement of water through the soil. Area “4a” illustrates through-flow along preferential
flow paths in unsaturated soils; area “4b” shows shallow surface flow (a common
occurrence in PA); and area “4c¢” illustrates through-flow in saturated areas.

5. Areas marked with a “5” represents an area of return-flow. Return-flow is water that has

moved through unsaturated or saturated subsurface areas and re-appears as surface flow

through springs or seeps.

The area labeled as “6” represents an area of deep percolation or groundwater recharge.

Area “7” points to a location where groundwater discharges to the stream (influent streams).

For effluent streams, water moves from the stream into the ground water table in these

areas. In some streams, both processes may occur during different times of the year.

(Brown/Fennessey/Petersen)

No
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Most of these flow processes occur within natural watersheds in Pennsylvania. The extent to
which one or more of these processes are active within a particular area is influenced by soil
characteristics, geology and topography or landscape position.

Eventually the groundwater table intersects the
land surface and forms springs, first order
streams and wetlands (Figure 2-5). This
groundwater discharge becomes stream base
flow and occurs continuously, during both wet
and dry periods. Much of the time, all of the
natural flow in a stream is from groundwater
discharge. In this sense, groundwater discharge
can be seen as the “life” of streams, supporting
all water-dependent uses and aquatic habitat.
First-order streams are defined as “that stream
where the smallest continuous surface flow
occurs” (Horton, 1945), and are the beginning of
the aquatic food chain that evolves and
progresses downstream (Figure 2-13). As the
link between groundwater and surface water,
headwaters represent the critical intersection
between terrestrial and aquatic ecosystems.

Figure 2-13 Leaves and organic matter are
initially broken down by bacteria and
processed into food for higher organisms
downstream.

During periods of wet weather, the water table

may rise to near the ground surface in the vicinity of the stream. This higher ground water table
coupled with through-flow, return-flow and shallow subsurface flow result in an area of saturation in
the vicinity of the stream channel. As a result, this area saturates quickly during rain events; and
the larger the rain event, the more extensive the area of saturation may be. It is understood by
researchers that a significant amount of the surface runoff observed in streams during precipitation
events is generated from the saturated areas surrounding streams (Chorley, 1978; Hewlett and
Hibbert, 1967). The runoff generated from rainfall on saturated land areas is referred to as
saturation overland flow. Hydrologists understand that the watershed runoff process is a complex
integration of saturation overland flow and infiltration excess (Hortonian) overland flow (Troendle,
1985). Areas that generate surface runoff pulsate, shrink and expand in response to rainfall. This
concept on a watershed scale is consistent with the hillslope hydrologic processes.

Changes in land use cause runoff volumes to increase and groundwater recharge to decrease.
Wetlands and first order streams reflect changes in groundwater levels most profoundly, and this
reduced flow can stress or even eliminate the aquatic community. As the most hydrologically and
biologically sensitive elements of the drainage network, headwaters and first order streams warrant
special consideration and protection in stormwater management.

2.2.4 Stream Channel Changes

The shape of a stream channel, its width, depth, slope, and how it moves through the landscape, is
influenced by the amount of flow the stream channel is expected to carry. The stream channel
morphology is determined by the energy of stream flows that range from “low flow” to “bank full”.
The flow depths determine the energy in the stream channel, and this energy shapes the channel
itself. In an undeveloped watershed, bank full flow occurs with a frequency of approximately once
every 18 months. During larger flood events, the flow overtops the stream banks and flows into
the floodplain with much less impact on the shape of the stream channel itself.
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In a developing watershed, the volume and rate of stormwater runoff increase during small storm
events and the stream channel changes to accommodate the greater flows. Because the stream is
conveying greater flows more often and for longer periods of time, the stream will try to
accommodate these larger flows by eroding stream banks or cutting down the channel bottom.
Since traditional detention basins do not manage small storms, these impacts are often most
pronounced downstream of detention basins.

Numerous studies have documented the link between altered stream channels and land
development. The Center for Watershed Protection (Article 19, Technical Note 115, Watershed
Protection Techniques 3(3): 729-734) states that land development influences both the geometry
(morphology) and stability of stream channels, causing downstream channels to enlarge through
widening and stream bank erosion. These physical changes, in turn, degrade stream habitat and
produce substantial increases in sediment loads resulting from accelerated channel erosion.

As the shape of the stream channel changes to accommodate more runoff, aquatic habitat is often
lost or altered, and aquatic species decline. Studies, such as US EPA’s Urbanization and
Streams: Studies of Hydrologic Impacts (1997), conclude that land development is likely to be
responsible for dramatic declines in aquatic life observed in developing watersheds. These stream
channel impacts have been observed even where conventional stormwater management is
applied.

The effects occur at many levels in the aquatic community. As the gravel stream bottom is covered
in sediment, the amount and types of microorganisms that live along the stream bottom decline.
The stream receives sediment from runoff, but additional sediment is generated as the stream
banks are eroded and this material is deposited along the stream bottom. Pools and riffles
important to fish and other aquatic life are lost, and the number and types of fish and aquatic
insects diminishes. Trees and shrubs along the banks are undercut and lost, removing important
habitat and decreasing natural shading and cooling for the stream.

The runoff from impervious surfaces is usually warmer than the stream flow, and can harm the
aquatic community. When the stream flow is comprised primarily of groundwater discharge, the
constant, cool temperature of the groundwater buffers the stream temperature. As the flow of
groundwater decreases and the amount of surface runoff increases, the temperature regime of the
stream changes. Runoff from impervious surfaces in the summer months can be much hotter than
the stream temperature, and in the winter months this same runoff can be colder. These changes
in temperature dramatically affect the aquatic habitat in the stream, ranging from the fish
community that the stream can support to the microorganisms that form the foundation of the food
chain. Important fungal communities can be lost altogether. It is apparent that increasing
impervious areas can lead to significant degradation of surface water by altering the entire aquatic
ecosystem.

2.2.5 Water Quality

Impervious surfaces and maintained landscapes generate pollutants that are conveyed in runoff
and discharged to surface waters. Many studies of pollutant transport in stormwater have
documented that pollutant concentrations show a distinct increase at the beginning of a flow
hydrograph referred to as the “first flush”. In fact, the particulate associated pollutants that are
initially scoured from the land surface and suspended in the runoff are observed in a stream or
river before the runoff peak occurs. These pollutants include sediment, phosphorus that is moving
with colloids (clay particles), metals, and organic particles and litter. Dissolved pollutants, however,
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may actually decrease in concentration during heavy runoff. These include nitrate, salts and some
synthetic organic compounds applied to the land for a variety of purposes.

Managing stormwater to minimize pollutant loading includes reducing the sources of these
pollutants as well as restoring and protecting the natural systems that are able to remove
pollutants. These include stream buffers, vegetated systems, and the natural soil mantle, all of
which can be put to use to remove pollutants from stormwater runoff.

Stormwater quantity and quality are inextricably li nked and need to be managed together.
Although the most obvious impact of land development is the increased rate and volume of surface
runoff, the pollutants transported with this runoff comprise an equally significant impact.
Management strategies that address quantity will in most cases address guality.

Stormwater runoff pollutants include sediment, orga nic detritus, phosphorus and nitrogen
forms, metals, hydrocarbons, and synthetic organics . The increased stormwater runoff
brought on by land development scours both impervious and pervious land surfaces. Stormwater
runoff transports suspended and dissolved pollutants that were initially deposited on the land
surface. Hot spot impervious areas such as fueling islands, trash dumpsters, industrial sites, fast
food parking lots, and heavily traveled roadways contribute heavy pollutant loads to stormwater.

Many so-called pervious surfaces, such as the chemically maintained lawns and landscaped
areas, also add significantly to the pollutant load, especially where these pervious areas drain to
impervious surfaces, gutters and storm sewers. The soil compaction process applied to many land
development sites results in a vegetated surface that is close to impervious in many instances, and
produces far more runoff than the pre-development soil did. These new lawn surfaces are often
loaded with fertilizers that result in polluted runoff that degrades all downstream ponds and lakes.

The two physical forms of stormwater pollutants are particulates and solutes . One very
important distinction for stormwater pollutants is the extent to which pollutants are particulate in
form, or dissolved in the runoff as solutes. The best example of this comparison is the two
common fertilizers: Total phosphorus (TP) and nitrate (NO3-N). Phosphorus typically occurs in
particulate form, usually bound to colloidal soil particles. Because of this physical form, stormwater
management practices that rely on physical filtering and/or settling out of sediment particles can be
quite successful for phosphorus removal. In stark contrast, nitrate tends to occur in highly soluble
forms, and is unaffected by many of the structural BMPs designed to eliminate suspended
pollutants. As a consequence, stormwater management BMPs for nitrate may be quite different
than those used for phosphorous removal. Non-Structural BMPs (Chapter 5) may in fact be the
best approach for nitrate reduction in runoff.

Particulates: Stormwater pollutants that move in association with or attached to particles include
total suspended solids (TSS), total phosphorus (TP), most organic matter (as estimated by COD),
metals, and some herbicides and pesticides. Kinetic energy keeps particulates in suspension and
some do not settle out as easily. For example, an extended detention basin offers a good method
to reduce total suspended solids, but is less successful with TP, because much of the TP load is
attached to fine clay particles that may take longer to settle out.

If the concentration of particulate-associated pollutants in stormwater runoff, such as TSS and TP,
is measured in the field during a storm event, a significant increase in pollutant concentration
corresponding to but not synchronous with the surface runoff hydrograph is usually observed
(Figure 2-14). This change in pollutant concentration is referred to as a “chemograph”, and has
contributed to the concept of a “first flush” of stormwater pollutants. In fact, the actual transport

363-0300-002 / December 3M06 Page 15 of 22



Pennsylvania Stormwater Best Management Practices Manual Chapter 2

process of stormwater pollutants is somewhat more complex than “first flush” would indicate, and
has been the subject of numerous technical papers (Cahill et al, 1974: 1975; 1976; 1980; Pitt,
1985, 2002). To accurately measure the total mass of stormwater pollution transported during a
given storm event, both volume and concentration must be measured simultaneously, and a
double integration performed to estimate the mass conveyed in a given event. To fully develop a
stormwater pollutant load for a watershed, a number of storm events must be measured over
several years. The dry weather chemistry is seldom indicative of the expected wet weather
concentrations, which can be two or three orders of magnitude greater.

Because a major fraction of particulate associated pollutants is transported with the smallest
particles, or colloids, their removal by BMPs is especially difficult. These colloids are so small that
they do not settle out in a quiescent pool or basin, and remain in suspension for days at a time,
passing through a detention basin with the outlet discharge. It is possible to add chemicals to a
detention basin to coagulate these colloids to promote settling, but this chemical use turns a
natural stream channel or pond into a treatment unit, and subsequent removal of sludge is
required. A variety of BMPs have been developed that serve as runoff filters, and are designed for
installation in storm sewer elements, such as inlets, manholes or boxes. The potential problem
with all measures that attempt to filter stormwater is that they quickly become clogged, especially
during a major event. Of course, one could argue that if the filter systems become clogged, they
are performing efficiently, and removing this particulate material from the runoff. The major
problem then with all filtering (and to some extent settling) measures is that they require substantial
maintenance. The more numerous and distributed within the built conveyance system that these
BMPs are situated, the greater the removal efficiency, but also the greater the cost for operation
and maintenance.
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Figure 2-14. Chemograph of phosphorus and suspended solids in Perkiomen Creek (Cabhill, 1993).

Solutes: Dissolved stormwater pollutants generally do not exhibit any increase during storm event

runoff, and in fact may exhibit a slight dilution over a given storm hydrograph. Dissolved
stormwater pollutants include nitrate, ammonia, salts, organic chemicals, many pesticides and
herbicides, and petroleum hydrocarbons (although portions of the hydrocarbons may bind to
particulates and be transported with TSS). Regardless, the total mass transport of soluble
pollutants is dramatically greater during runoff because of the volume increase. In some
watersheds, the stormwater transport of soluble pollutants can represent a major portion of the
total annual discharge for a given pollutant, even though the absolute concentration remains
relatively constant. For these soluble pollutants, dry weather sampling can be very useful, and
often reflects a steady concentration of soluble pollutants that will be representative of high flow
periods.

Some dissolved stormwater pollutants can be found in the initial rainfall, especially in regions with
significant emissions from fossil fuel plants. Precipitation serves as a “scrubber” for the
atmosphere, removing both fine particulates and gases (NOX and SOX). Chesapeake Bay
scientists have measured rainfall with NO3; concentrations of 1 to 2 mg/l, which could comprise a
significant fraction of the total input to the Bay. Other rainfall studies by NOAA and USGS have
resulted in similar conclusions. Impervious pavements can transport nitrate load, reflecting a mix
of deposited sediment, vegetation, animal wastes, and human detritus of many different forms.

Pollution prevention through use of Non-Structural BMPs is very effective. A variety of Structural
BMPs, including settling, filtration, biological transformation and uptake, and chemical processes
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can also be used. Stormwater related pollution can be reduced if not eliminated through
preventive Non-Structural BMPs (Chapter 5), but not all stormwater pollution can be avoided.
Many of the Structural BMPs (Chapter 6) employ natural pollutant removal processes as essential
elements. These “natural” processes tend to be associated with and rely upon both the existing
vegetation and soil mantle. Thus preventing and minimizing disturbance of site vegetation and
soils is essential to successful stormwater management.

Settling: Particles remain suspended in stormwater as long as the energy of the moving water is
greater than the pull of gravity. In a natural stream, the stormwater that overflows the banks slows
and is temporarily stored in the floodplain, which allows for sediment settling, and the building of
the alluvium soils that comprise this floodplain. As runoff passes through any type of man-made
structure, such as a detention basin, the same process takes place, although not as efficiently as in
a natural floodplain. Where it is possible to create micro versions of runoff ponds (rain gardens),
distributed throughout a site, the same settling effect will result. The major issue with settling
processes is that the dissolved pollutant load is not subject to gravitational settling.

Filtration: Another natural process is physical filtration. Filtration through vegetation and solil is by
far the most efficient way to remove suspended stormwater pollutants. Suspended particles are
physically filtered from stormwater as it flows through vegetation and percolates into the soil.
Runoff that is concentrated in swales, however, can exceed the ability of the vegetation to remove
particles. Therefore, it is important to avoid concentrated flows by slowing and distributing the
runoff over a broad vegetated area.

Stormwater flow through a relatively narrow natural riparian buffer of trees and herbaceous
understory growth has been demonstrated to physically filter surprisingly large proportions of larger
particulate-form stormwater pollutants. Both filter strip and grassed swale BMPs rely very much on
this surface filtration process as discussed in Chapter 6.

Biological Transformation and Uptake/Utilization: This category includes an array of different
processes that reflect the remarkable complexity of different surface vegetative types, their varying
root systems, and their different needs and rates of transformation and utilization of different
“pollutants,” especially nutrients. An equally vast and complex community of microorganisms
exists below the surface within the soil mantle, and though more micro in scale, the myriad of
natural processes occurring within this soil realm is just as remarkable.

Phosphorus and nitrate are essential to plant growth and therefore are taken up through the root
systems of grasses, shrubs and trees. Nitrogen transformations are quite complex, but the muck
bottom of wetlands allows the important process of denitrification to occur and convert nitrates for
release in gaseous form. Nitrates in stormwater runoff passing through wetlands is removed and
used by wetland plants to build biomass. The caution in terms of a wetland or similar surface BMP
is that if the vegetation dies at the end of a growing season and the detritus is discharged from the
wetland, the net removal of nitrate is maybe less than expected. The guidance for BMP
applications is that if biological transformation processes are considered, care must be taken to
remove and dispose of the biomass produced in the process.

Chemical Processes: Various chemical processes occur in the soil to remove pollutants from
stormwater. These include adsorption through ion exchange and chemical precipitation. Cation
Exchange Capacity (CEC) is a rating given to soil, that relates the soil organic content to its ability
to remove pollutants as stormwater infiltrates through the soil. Adsorption will increase as the total
surface area of soil particles and/or the amount of decomposed organic material increases. Clay
soils have better pollutant reduction performance than sandy soils, and their slower permeability
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rate has a positive effect. CEC values typically range from 2 to 60 milli-equivalents (meq) per 100
grams of soil. Coarse sandy soils have low CEC values and therefore are not especially good
stormwater pollutant removers. The addition of compost will greatly increase the CEC of sandy
soils. A value of 10 meq. is often considered necessary to accomplish a reasonable degree of
pollutant removal.
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3.1 Introduction

This Chapter provides guidance for municipalities striving to improve their stormwater management
programs. It presents stormwater management principles and recommends site control guidelines to
address volume, water quality and flow rate. These guidelines can serve as the basis for municipal
stormwater regulation. Pennsylvania laws and regulations do not directly manage stormwater at the
state level, although some state level management occurs through the Stormwater Management Act
and the NPDES permitting program. All municipalities, regardless of their specific setting, are
encouraged to enact the most comprehensive stormwater management ordinances possible. They
should also work with their watershed neighbors to integrate their individual municipal actions within the
watershed as a whole.

The guidelines established in this chapter reflect the ten basic principles of stormwater management
presented in the forward. The principles are listed below once more to emphasize their fundamental
importance as the foundation for the control guidelines that will follow.

1. Managing stormwater as a resource;

2. Preserving and utilizing existing natural features and systems;

3. Managing stormwater as close to the source as possible;

4. Sustaining the hydrologic balance of surface and ground water;

5. Disconnecting, decentralizing and distributing sources and discharges;

6. Slowing runoff down, and not speeding it up;

7. Preventing potential water quality and quantity problems;

8. Minimizing problems that cannot be avoided,

9. Integrating stormwater management into the initial site design process; and
10.Inspecting and maintaining all BMPs.

3.2 Recommended Site Control Guidelines

Site control guidelines are designed to meet water volume and water quality requirements and to follow
the ten principles previously listed. The control guidelines presented in this Chapter are comprehensive
are consistent with the Pennsylvania Comprehensive Stormwater Management Policy, and are
recommended to restore natural hydrology including velocity, current, cross-section, runoff volume,
infiltration volume, and aquifer recharge volume. Following the guidelines will help sustain stream base
flow and prevent increased frequency of damaging bank full flows. The guidelines also will help
prevent increases in peak runoff rates for larger events (2-year through 100-year) on both a site-by-site
and watershed basis. When applicable, Act 167 watershed plans may require additional rate controls
to reduce cumulative flooding impacts downstream.

The site control guidelines are:
» Effective — The morphologic impacts on streams from increased volumes of runoff during smaller
storms are prevented. The guidelines will be effective on a site-by-site basis, as well as on a

broader watershed-wide scale;

e Proportional — The stormwater controls will produce approximately the same post-development
stormwater discharge for all types of development in almost any location;
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* Equitable — The requirements are based on project characteristics rather than project location so
that physically similar projects will have similar storm water controls;

* Flexible — The diversity among Pennsylvania’s 2,566 municipalities is accommodated by the
guidelines. This diversity in physical conditions presents a major challenge that requires flexibility
to achieve a uniform stormwater management program across the state.

3.3 Recommended Volume Control Guidelines

Regardless of where land development occurs, the impervious surfaces, the changes in vegetation,
and the soil compaction associated with that development result in significant increases in runoff
volume. When the balance of a developed site is cleared of existing vegetation, graded, and re-
compacted, it produces an increase in runoff volume. While traditionally, if the original vegetation were
replaced with natural vegetation, the runoff characteristics would be considered to be equivalent to the
original natural vegetation. The disturbance and the compaction destroy the permeability of the natural
soil.

The relative increase in runoff volume varies with event magnitude (return period). For
example, the two-year rainfall of 3.27 inches/24 hours (SE PA) will result in an increase in runoff
volume of 2.6 inches from every square foot of impervious surface placed on well-drained HSG B soil in
woodland cover (Figure 3-1). For larger events, as the total rainfall increases, the net runoff also
increases, but less than proportionately. For example, total rainfall for the 100-year storm is twice the
rainfall for the 2-year storm (7.5 inches vs. 3.27 inches); however, the increase in runoff for the 100-
year storm is only 1.7 inches more than the runoff for the 2-year storm (4.3 — 2.6 inches). This pattern
holds true throughout the state.
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Runoff Volume Increase from Development
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Figure 3-1. Runoff Volume Increase from Impervious Surfaces - B So  ils.

For a specific site, the net increase in runoff volume during a given storm depends on both the pre-
development permeability of the natural soil and the vegetative cover. Poorly drained soils result in a
smaller increase of runoff volume because the volume of pre-development runoff is already high.
Therefore, the amount of runoff resulting from development does not represent a large net increase.
Using the same rainfall values, Figure 3-2 illustrates that the two-year rainfall of 3.27 inches/24 hours
produces an increase of only 2.01 inches on a HSG C soil, while the better drained (B) soil in Figure
3-1 produces a 2.60-inch runoff volume increase. Thus a volume control guideline must be based on
the net change in runoff volume for a given frequency rainfall to be equitable throughout the state on
any given development site.
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Runoff Volume Increase from Development
Difference Between Pervious Woodland (C Soil) and I  mpervious Surface
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Figure 3-2 . Runoff Volume Increase from Impervious Surfaces - C Saoils

Consideration of a volume control guideline has focused on providing stream channel protection and
water quality protection from the frequent rainfalls that comprise a major portion of runoff events in any
part of the state. On the basis of these factors, the 2-year event has been chosen as the stormwater
management design storm for Volume Control Guideline 1.

Regardless of the volume reduction goal desired, it is considered unreasonable to design any
stormwater BMP for greater than a 2-year event. The increase in runoff volume from the 100-year
rainfall after site development is so large that it is impractical to require management of the total
increase in volume. During such extreme events, the runoff simply overwhelms the natural and human-
made conveyance elements of pipes and stream channels. In practice, a BMP sized for the increase in
the 100-year runoff volume would be empty most of the time and would have a 1% probability of
functioning at capacity in any one year. Of course, large storms need to be managed in terms of
flooding and peak rate control, to the extent practicable.

3.3.1 Volume Control Criteria

A volume control guideline is essential to mitigate the consequences of increased runoff. To do this,
the volume reduction BMP must:
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Protect stream channel morphology;

Maintain groundwater recharge;

Prevent downstream increases in flooding; and

Replicate the natural hydrology on site before development to the greatest extent
possible.

PO

Protect Stream Channel Morphology: Increased volume of runoff results in an increase in the
frequency of bank full or near bank full flow conditions in stream channels. The increased presence of
high flow conditions in riparian sections has a detrimental effect on stream shaping, including stream
channel and overall stream morphology. Stream bank erosion is greatly accelerated. As banks are
eroded and undercut and as stream channels are gouged and straightened; meanders, pools, riffles,
and other essential elements of habitat are lost or diminished. Research has demonstrated that bank-
full stream flow typically occurs between the 1-year and the 2-year storm event (often around the 1.5-
year storm). Urbanization can cause the natural bankfull stream flows to occur far more often.
Strategies employed by the CG's include a combination of volume reduction and extended detention to
reduce the bankfull flow occurances.

Maintain Groundwater Recharge:  Over 80 percent of the annual precipitation infiltrates into the soil
mantle in Pennsylvania’s watersheds under natural conditions. More than half of this is taken up by
vegetation and transpired. Part of this infiltrated water moves down gradient to emerge as springs and
seeps, feeding local wetlands and surface streams. The rest enters deep groundwater aquifers that
supply drinking water wells. Without groundwater recharge, surface stream flows and supplies of
groundwater for wells will diminish or disappear during drought periods. Certain land areas recharge
more groundwater than others; therefore, protecting the critical recharge areas is important in
maintaining the water cycle’s balance. In round numbers, an estimate of the annual water balance is:
surface water runoff, 20%; evapotranspiration (ET), 45%; groundwater recharge, 35%.

Prevent Downstream Increases in Runoff Volume and F  looding: Although site-based rate control
measures may help protect the area immediately downstream from a development site, the increased
volume of runoff and the prolonged duration of runoff from multiple development sites can increase
peak flow rates and duration of flooding from runoff caused by relatively small rain events. Replicating
pre-development runoff volumes for small storms will usually substantially reduce the problem of
frequent flooding that plague many communities. Although control of runoff volumes from small storms
almost always helps to reduce flooding during large storms, additional measures are necessary to
provide adequate relief from the serious flooding that occurs during such events.

Replicate the Surface Water Hydrology On-site Befor e Development: The objective for stormwater
management is to develop a program that replicates the natural hydrologic conditions of watersheds to
the maximum extent practicable. However, the very process of clearing the existing vegetation from the
site removes the single largest component of the natural hydrologic regime, evapotranspiration (ET).
Unless the ET component is replaced, the runoff increase will be substantial. Several of the BMPs
described in this manual, such as infiltration, tree planting, vegetated roof systems and rain gardens,
can help replace a portion of the ET function.

3.3.2 Volume Control Alternatives
While the volume control guideline alternatives are quite specific concerning the volume of runoff to be
controlled from a development site, they do not specify the methods by which this can be

accomplished. The selection of a BMP, or combination of BMPs, is left to the design process. Butin all
instances, minimizing the volume increase from existing and future development is the goal. The BMPs
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described in this manual place emphasis on infiltration of precipitation as an important solution;
however, three methods are provided to reduce the volume of runoff from land development:

1. Infiltration;
2. Capture and Reuse; and
3. Vegetation systems that provide ET, returning rainfall to the atmosphere.

It is anticipated that many of the stormwater management systems used in Pennsylvania will include
one or more of these methods, depending on specific site conditions that constrain stormwater
management opportunities. Inherent in these guidelines is the assumption that all soils allow some
infiltration. Where this is not possible, a vegetated roof, or bioretention combined with capture-and-
reuse systems, or other forms of runoff volume control will be necessary to achieve the required
capture and removal volumes.

For Regulated Activities equal or less than one acre that do not require design of stormwater storage
facilities, the applicant may select either Control Guideline 1 or Control Guideline 2 on the basis of
economic considerations, applicability and limitations of the analytic procedures and other factors.
Control Guideline 1 may require more complex and detailed analyses while providing a greater
opportunity to select stormwater controls that require fewer resources to construct and operate. For all
Regulated Activities larger than one acre and for all projects that require design of stormwater storage
facilities, Control Guideline 2 may not be used.

3.3.3 Volume Control Guideline 1

The Control Guideline 1 is applicable to any size o f the Regulated Activity. Use of Control
Guideline 1 (CG-1) is recommended where site condit  ions offer the opportunity to reduce the
increase in runoff volume as follows:

Do not increase the post-development total runoff v olume for all storms equal to or less
than the 2-year/24-hour event

Existing (pre-development) non-forested pervious ar eas must be considered meadow
(good condition) or its equivalent.

Twenty (20) percent of existing impervious area, wh  en present, shall be considered
meadow (good condition) in the model for existing ¢ onditions for redevelopment.

The scientific basis for Volume Control Guideline 1 is as follows:

* The 2-year event provides stream channel protection and water quality protection for the
relatively frequent runoff events across the state;

* Volume reduction BMPs based on this standard will provide a storage capacity to help reduce
the increase in peak flow rates for larger runoff events;

* In a natural stream system in Mid-Atlantic States, the bank full stream flow occurs with a period
of approximately 1.5 years. If the runoff volume from storms less than the 2-year event are not
increased, the fluvial impacts on streams will be reduced,;

* The 2-year storm is well defined and data are readily accessible for use in stormwater
management calculations.
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3.3.4 Volume Control Guideline 2

Control Guideline 2 (CG-2) is independent of site ¢ onstraints and should be used if CG-1 is not
followed . This method is not applicable to Regulated Activit ies greater than one (1) acre or for
projects that require design of stormwater storage facilities. For new impervious surfaces:

Stormwater facilities shall be sized to capture at least the first two inches (2") of
runoff from all contributing impervious surfaces.

At least the first one inch (1.0”) of runoff from n ew impervious surfaces shall be

permanently removed from the runoff flow — i.e. it s hall not be released into the
surface Waters of this Commonwealth.  Removal optio ns include reuse,
evaporation, transpiration, and infiltration.

Wherever possible, infiltration facilities should b e designed to accommodate
infiltration of the entire permanently removed runo ff; however, in all cases at least
the first one-half inch (0.5") of the permanentlyr  emoved runoff should be
infiltrated.

The scientific basis for Volume Control Guideline 2 is as follows:

e Groundwater recharge will be maintained;
e The permanently removed volume will reduce the runoff;
» The combined permanently removed volume and extended detention volume will provide water

quality protection by:
o0 Capture / treatment of 95+/-% of the yearly water budget, and a higher volume of

pollutants (first flush);
0 Capture / treatment of 99+/-% of the yearly storm events from paved areas. Example:
for over 50 years of data on the Brandywine, 2.6 storms per year on average exceed 2”;

* Volume reduction BMPs based on this standard will provide a storage capacity to reduce the
increase in peak flow rates;

« In many of Pennsylvania’s natural streams, the bank full stream flow occurs with a period of
approximately 1.5 years. The combination of volume reduction and extended detention will
reduce the depth and frequency of flows for all events less than the 2-year event, therefore, the
fluvial impacts on streams will be reduced.

3.3.5 Retention and Detention Considerations

Infiltration areas should be spread out and located in the sections of the site that are most
suitable for infiltration.

In all cases, retention and detention facilities sh  ould be designed to completely drain water
quality volumes including both the permanently remo ved volume and the extended detention
volume over a period of time not less than 24 hours and not more than 72 hours from the end of
the design storm.
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34 Recommended Peak Rate Control Guideline

Peak rate control for large storms, up to the 100-year event, is essential to protect against immediate
downstream erosion and flooding. Most designs achieve peak rate control through the use of detention
structures. Peak rate control can also be integrated into volume control BMPs in ways that eliminate
the need for additional peak rate control detention systems. Non-Structural BMPs also can contribute
to rate control, as discussed in Chapters 5 and 8.

The recommended control guideline for peak rate con trol is:

Do not increase the peak rate of discharge for the 1-y  ear through 100-year events (at
minimum); as necessary, provide additional peak rat e control as required by applicable and
approved Act 167 plans.

Where Act 167 plans apply, hydrologic modeling may have been performed to provide the basis for
establishing more stringent release rate controls on sub-districts within the watershed. As volume
reduction BMPs are incorporated into stormwater management on a watershed basis, release rate
values will require re-evaluation. Use of the control guidelines will reduce or perhaps even eliminate
the increase in peak rate and runoff volume for some storms.

3.5 Recommended Water Quality Control Guideline

The volume control achieved through applying CG-1 and CG-2 may also remove a major fraction of
particulate associated pollutants from impervious surfaces during most storms. Pervious surfaces such
as “lawnscapes” subject to continuing fertilization may generate NPS pollutants throughout a major
storm, as may stream banks subjected to severe flows. While infiltration BMPs and landscape BMPs
are very effective in NPS reduction, if the volume control measures simply overflow during severe
storms then they will not achieve the control anticipated. Solutes will continue to be transported in
runoff throughout the storm, regardless of magnitude.

CG-1 will provide water quality control and stream channel protection as well as flood control protection
for most storms if the BMPs drain reasonably well and are adequately sized and distributed. CG-2 will
not fully mitigate the peak rate for larger storms, and will require the addition of secondary BMPs for
peak rate control. These secondary BMPs could also provide water quality control. In the event that
this secondary BMP is added to assure rate mitigation during severe storms, the incorporation of
vegetation could provide effective water quality controls.

The recommended control guideline for total water quality control is:

Achieve an 85 percent reduction in post-development particulate associated pollutant load (as
represented by Total Suspended Solids), an 85 percent reduction in post-development total
phosphorus loads, and a 50 percent reduction in post-development solute loads (as represented
by NO3-N), all based on post-development land use.

The recommended water quality control guideline is a set of performance-based goals. The guideline
does not represent specific effluent limitations but presents composite efficiency expectations that can
be used to select appropriate BMPs.

These reductions may be estimated based on the pollutant load for each land use type and the

pollutant removal effectiveness of the proposed BMPs, as shown in Chapters 5 and 6 and discussed in
Chapter 8. The inclusion of total phosphorus as a parameter is in recognition of the fact that much of
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the phosphorus in transit with stormwater is attached to the small (colloidal) particles, which are not
subject to gravity settlement in conventional detention structures, except over extended periods. With
infiltration or vegetative treatment, however, the removal of both suspended solids and total
phosphorus should be very high.

New impervious surfaces, such as rooftops, that produce relatively little additional pollutants can be left
out of the water quality impact site evaluation under most circumstances. Rainfall has some latent
concentration of nitrate (1 to 2 mg/l) as the result of air pollution, but it would be unreasonable to
require the removal of this pollutant load from stormwater runoff. The control of nitrate from new
development should focus on reduction of fertilizer applications rather than removal from runoff.

When the proposed development plan for a site is measured by type of surface (roof, parking lot,
driveway, lawn, etc.), an estimate of potential pollutant load can be made based on the volume of runoff
from those surfaces, with a flow-weighted pollutant concentration applied. The total potential non-point
source load can then be estimated for the parcel, and the various BMPs, both Structural and Non-
Structural, can be considered for their effectiveness. This method is described in detail in Chapter 8.

In general, the Non-Structural BMPs are most beneficial for the reduction of solutes, with Structural
BMPs most useful for particulate reduction. Because soluble pollutants are extremely difficult to
remove, prevention or reduction on the land surface, as achieved through Non-Structural BMPs
described in Chapter 5, are the most effective methods for reducing them.

3.6 Stormwater Standards for Special Management Are  as

CG-1 and CG-2 may require modification, on a case-by-case basis, before they are applied to Special
Management Areas around the Commonwealth. Special Areas include highways and roads, existing
urban or developed sites, contaminated or brownfield sites, sites situated in karst topography, sites
located in public water supply protection areas, sites situated in High Quality or Exceptional Value
watersheds, sites situated on old mining lands, etc. These are areas where BMP application of any
type may be limited. Stormwater management for these Special Management Areas is discussed in
more detail in Chapter 7.
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4.1 A Recommended Site Design Procedure for Compreh  ensive
Stormwater Management

Chapters 5 and 6 describe multiple Non-Structural and Structural BMPs that can be
used to achieve the Recommended Site Control Guidelines for comprehensive
stormwater management described in Chapter 3. Obviously, not all of these BMPs are
appropriate for all land development activities or every site. How can BMPs be selected
to maximize their performance? What is the optimal blend between Non-Structural and
Structural BMPs? How can stormwater management be best integrated into the site
planning process?

A flow chart depicting a Site Design Procedure For Comprehensive Stormwater
Management (Procedure) is set forth in Figure 4-1 (also referenced to the Checklist
Summary in Figure 4-2 which is discussed in Section 4.2 below). This procedure begins
with an assessment of the site and its natural systems and then proceeds to integrate
both Non-Structural and Structural BMPs in the formulation of a comprehensive
stormwater management plan. The intent of the planning process is to promote
development of stormwater management “solutions” which achieve the rigorous quantity
and quality standards set forth in Chapter 3. Some aspects of the procedure will not be
fully applicable in all land development cases. For example, Non-Structural BMPs may
be challenging to apply in those cases where higher densities/intensities are proposed
on the smallest of sites in already developed areas.

An essential objective of the Procedure is to maximize stormwater “prevention” through
use of Non-Structural BMPs (Chapter 5). Once prevention has been maximized, some
amount of stormwater peaking and volume control will likely remain to be managed.
These stormwater management needs should be met with an array of natural-system
based Best Management Practices (Vegetated Swales, Vegetated Filter Strips, etc.),
with the remaining stormwater management needs met with structural Best Management
Practices such as infiltration basins, trenches, porous pavement, wet basins, retention
ponds, constructed wetlands, and others presented in Chapter 6.

This Procedure, or a process similar to it, is an integral part of comprehensive
stormwater management and transcends the bounds of conventional stormwater
management that has existed in most Pennsylvania municipalities. Perhaps most
importantly, the Procedure involves the total site design process. Conventional
stormwater management has usually been relegated to the final stages of the site design
and overall land development process, after most other building program issues have
been determined and accommodated. To the contrary, the Procedure places
stormwater management in the initial stages of site planning process, when the building
program is being fitted and tested on the site. In this way, comprehensive stormwater
management can be integrated effectively into the site design process.
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Figure 4-1 Recommended procedures for comprehensive stormwater management.
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Much of the information relied on for the Procedure is information already required to
satisfy other aspects of existing municipal land development ordinances. The Procedure
is intended to more effectively utilize this already-collected site data to generate better
stormwater management in the context of a markedly improved site plan. To the extent
that this information is not already being collected and assessed, the information needs
to be collected as part of the site design process.

4.2  The Site Design Checklist for Comprehensive Sto  rmwater
Management

Coordinated with the Recommended Site Design Procedure for Comprehensive
Stormwater Management is a series of questions structured to facilitate and guide an
assessment of the site’s natural features and stormwater management needs. The Site
Design Checklist for Comprehensive Stormwater Management (Figure 4-2) is intended
to help facilitate the Procedure. The initial questions in the Checklist focus on Site
Analysis, including Background Site Features, a Site Factors Inventory, Site Factors
Analysis and Constraints and Opportunities. The checklist relates directly to the first
Non-Structural BMP category: Protect Sensitive and Special Value Features, which
include:

BMP 5.4.1 Protect Sensitive/Special Value features

BMP 5.4.2 Protect/conserve/enhance utilize riparian  areas

BMP 5.4.3 Protect/utilize natural flow pathways in overall stormwater planning
and design

Because these first steps in the Procedure are so important, they are further discussed
below in Section 4.3 — “Importance of Site Assessment”.

The Procedure continues with potentially multiple cycles of “testing” and “fitting”
preventive Non-Structural BMPs at the site. The Checklist provides questions designed
to identify the potential application of additional Non-Structural BMPs. Once Non-
Structural BMPs have been “maximized,” the Recommend Procedure then continues
with the testing/fitting of Structural BMPs, again facilitated by the Checklist questions.
This testing/fitting of Non-Structural and Structural BMPs can continue through several
cycles. Atthe completion of the Procedure, a comprehensive stormwater management
plan emerges, satisfying the Chapter 3 Recommended Site Control Guidelines. If the
Checklist questions are addressed thoroughly and the Procedure is fully and effectively
applied, the critical objective of managing stormwater comprehensively will be achieved
in a cost effective manner. The Procedure, though largely common sense, constitutes a
change from conventional engineering practice in many Pennsylvania municipalities.
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(Figure 4-2) Checklist summary for use with Site P lanning and Design Procedure

Chapter 4

SITE ANALYSIS

Background Site Factors

Describe hydrologic context and other natural eleme nts
Chapter 93 stream use designation?
Special Protection Waters (EV, HQ)?
Fishery / Aquatic Life Use (WWF, CWF, TSF)?
Any Chapter 303d/impaired stream listing classifications?
Aquatic biota sampling?
Existing water quality sensitivities downstream (water supply source?)?
Location of any known downstream flooding?
Includes any Special Areas?
Such as Previously Mined AMD/AML areas?
Brownfields?
Source Water Protection areas
Urban Areas?
Carbonate/Limestone?
Slide Prone Areas
Other
Site Factors Inventory
Describe the size and shape of the site
Special constraints/opportunities?
Special site border conditions and adjacent uses?
Describe the existing developed features of the sit e, if any
Existing structures/improvements, structures to be preserved?
Existing cover/uses?
Existing impervious areas?
Existing pervious maintained areas?
Existing public sewer and water?
Existing storm drainage systems at/adjacent to site?
Existing wastewater, water systems onsite?
Describe important natural features of site
Existing hydrology (drainage swales, intermittent, perennial)?
Existing topography, contours, subbasins?
Soil series found on site and their Hydrologic Soil Group ratings?
Areas of vegetation (trees, scrub, shrub)?
Special Value Areas?
Wetlands, hydric soils?
Floodplains/alluvial soils?
High quality woodlands, other woodlands and vegetation?
Riparian buffers?
Naturally vegetated swales/drainageways?
Sensitive Areas?
Steep slopes?
Special geologic conditions (limestone?)?
Shallow bedrock (less than 2ft)?
High water table (less than 2ft)?
PNDI areas or species?
Site Factors Analysis
Characterize the constraint-zones at site
Avoid development on or near special and sensitive natural features
Characterize the opportunity-zones at site
Location of well-draining soils
Location and quality of existing vegetation
Has a Potential Development Area been defined?
Does building program fit the constraints and opportunities of natural features?

BACKGROUND SITE CONDITIONS
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MUNICIPAL INPUTS

Township Comprehensive Plan and Zoning guidance
Guidance in Comprehensive Plan?
Existing Zoning District?
Total number of units allowed?
Type of units?
Density of units?
Any allowable options?
Township SLDO guidance and options
Performance standards for neo-traditional, village, hamlet planning?
Reduce building setbacks?
Curbs required?
Street width, parking requirements, other impervious requirements?
Cut requirements?
Grading requirements?
Landscaping requirements?
Township SLDO/stormwater requirements
Peak rate and design storms?
Total runoff volume?
Water quality provisions?
Methodological requirements?
Maintenance requirements?
Is applicant submission complete? Fully responsive to municipal zoning/
SLDO requirements?
Are municipal zoning/SLDO requirements inadequate?
Is useful interaction at sketch plan or even pre-sk  etch plan phases occurring?

SITE DESIGN: NON-STRUCTURAL BMPs

Lot Concentration and Clustering
Reduce individual lot size?
Concentrate/cluster uses and lots?
Configure lots to avoid critical natural areas ?
Configure lots to take advantage of effective mitig ative stormwater practices?
Orient built structures to fit natural topography?
Minimize site disturbance (excavation / grading) at site?
Minimize site disturbance (excavation / grading) fo  r each lot?
Minimum Disturbance/Maintenance
Define disturbance zones for site?
Protect maximum total site area from development disturbance?
Protect naturally sensitive and special areas from disturbance?
Minimize total site compaction?
Maximize zones of open space and greenways?
Consider re-forestation and re-vegetation opportuni ties?
Impervious Coverage Reduction
Reduce road widths? Lengths?
Utilize turnarounds? Cul-de-sacs with vegetated isl ands?
Reduce driveway length and width?
Reduce parking ratios?
Reduce parking sizes?
Examine potential for shared parking?
Utilize porous surfaces for applicable parking feat ures (overflow)?
Design sidewalks for single-side street movement?
Disconnect/Distribute/Decentralize
Rooftop disconnection?
Existing downgradient yard area opportunities?
Existing downgradient vegetated areas/woods?
Disconnection from storm sewers/street gutters?
Front/side yard opportunities?
Space for vegetated swales, rain gardens, etc.?

BACKGROUND SITE CONDITIONS

DESIGN PHASE 1: PREVENTIVE

Source Control
Provisions for street sweeping? Other?
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Volume/Peak Rate Through Infiltration
Porous Pavement with Infiltration Beds?
Infiltration Basins?
Infiltration Trenches?
Rain Garden/Bioretention?
Dry Wells/Seepage Pits?
Vegetated Swales?
Vegetated Filter Strips?
Infiltration Berm/Retentive Grading?
Volume/Peak Rate Reduction
Vegetated Rooftops?
Capture & Reuse:
Cisterns?
Rain Barrels?
Other?
Runoff Quality/Peak Rate Reduction
Constructed wetland?
Wet pond/retention basin?
Dry extended detention basin?
Water quality filters: Constructed and Other
Sand and sand/peat?
Multi-chamber catch basins and inlets?
Other types?
Other
Level Spreaders?
Special Detention Storage: Parking Lots, Other
Site Restoration for Stormwater
Riparian Buffer Restoration?
Landscape Restoration
Soil Amendment/Restoration
Protocols
Soil Testing
Site Infiltration

STORMWATER METHODOLOGY AND CALCULATIONS

Iterative Process Occurring Throughout Planning and Design Practices to Max out
Non-Structural and Structural Practices
Use acceptable methods, such as Soil Cover Complex Method (TR-55) for calculations
Do not use Weighted Curve Numbers!
Strive to:
Minimize the pre to post development increase in Curve Numbers
Maximize post-development Time of Concentration
Assume "conservative" pre-development cover conditions (i.e., Curve Numbers) such as
"Meadow Good" or "Woods" for all pre-development pervious areas?
Respect natural sub-areas in the design and engineering calculations
Strive To Achieve Standards of Comprehensive Stormw  ater Management
No increase in volume of runoff, pre to post development, for up to the 2-yr storm
No reduction in total volume of recharge, for up to the 2-yr storm
No increase in peak rate of runoff, small to large storms
No increase in pollutant loading

SOTRMWATER CALCULATIONS

Has There Been Thorough Approach To Use of Both Non  -Structural and Structural BMP's?
If not, what non-structurals and structurals might be used?
Should the building program be modified?

What Related Benefits Are Being Achieved Through Th e Use of BMPs?
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4.3 Importance of Site Assessment

Comprehensive stormwater management begins with a thorough assessment of the site
and its natural systems. Site assessment includes inventorying and evaluating the
various natural resource systems which define each site and pose both problems and
opportunities for stormwater management. Resources include the full range of natural
systems such as water quantity, water quality, floodplains and riparian areas, wetlands,
soils, geology, vegetation, and more. Natural systems range in scale from resources of
areawide importance on a macro scale, down to micro- and site-specific detalil.

4.3.1 Background Site Factors

Broader system characteristics should be described, including State Chapter 93 stream
classifications, presence of Special Protection Waters, stream order (i.e., 1% order, 2
order, etc.), source water supply designations, 303d/TMDL/Impaired Stream
designations, flooding history, and other information that provides an understanding of
how a particular site is functioning within its watershed context. More specific questions
would include:

» Does the site drain to special waterbodies with special water quality needs?

» Determine if the site ultimately flows into a reservoir or other water body where
special water quality sensitivities exist, such as use as a water supply source.

» Determine if a special fishery exists.

» Determine if the site is linked to a special habitat system, such as delineated in
the Pennsylvania Natural Diversity Inventory. For both water quality and
temperature reasons, approaches and practices that achieve a higher order of
protection may become especially important.

Are there known downstream flooding problems?

Determine if a stream system to which the site discharge is currently experiencing
flooding problems. This is especially important where urbanization already has occurred
and where hydrology already has been altered. Unfortunately, the existing FEMA
mapping and related studies do not adequately assess this issue. County agencies and
municipal offices may be able to indicate anecdotally the extent to which downstream
flooding is already a problem or has the potential to become a problem if substantial
additional development is projected. Greater care should be taken in both floodplain
management as well as stormwater management if problems exist or are anticipated.

Does the site discharge to 1st, 2nd, 3rd order stre  ams?

Another important question relates to the site’s location within its watershed. Sites
located near the base of watersheds pose less of a threat to the hydrologic
characteristics of the watershed system. Sites located farther up the watershed are
potentially more problematic when additional stormwater is generated. Perhaps even
more critical, sites located within headwaters must be managed most carefully in terms
of stormwater to maintain pre-development infiltration and groundwater recharge rates.
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4.3.2 Site Factors Inventory

Site-specific factors that influence comprehensive stormwater management include the
following items:

How does site size and shape affect stormwater mana  gement?

As site size increases, the ability to use a variety of Non-Structural and Structural BMPs
increases. Comprehensive stormwater management, especially through site planning
and the use of Non-Structural BMPs, can reduce space requirements at a site and offer
greater BMP flexibility. Oddly shaped sites can also be better adapted with BMPs set
forth here, given their wide variety of shapes and sizes.

What are the important natural features characteriz  ing the site?

At the heart of the comprehensive stormwater management procedure is an
understanding of the natural systems characterizing each site. Existing vegetation and
soil have tremendous importance and are the key to understanding land development
impacts on natural systems. Careful accounting of existing vegetation is an important
prerequisite for comprehensive stormwater management, followed closely by soils
mapping for permeability ratings, and natural pre-development surface flow patterns.
Critical site features, such as wetlands, floodplains, riparian areas, natural drainage
ways, special habitat areas, special geological formations (e.g., carbonate), steep
slopes, shallow depth to water table, shallow depth to bedrock, and other factors should
be inventoried and understood. Critical areas include those with special positive
functions that can be translated into real economic value or benefit. Elimination or
reduction of these functions through the land development process leads to real
economic losses. These special value areas, including wetlands and floodplains and
riparian areas, should be conserved and protected during land development. Critical
natural areas also include sensitive areas, such as steep slopes, shallow bedrock, high
water table areas, and other constraining features, where encroachment by land
development typically creates unnecessary or unanticipated problems. Care must be
taken to avoid these potential pitfalls.

4.3.3 Site Factors Analysis

Identify site factors that constrain comprehensive stormwater management, and identify
site factors that can be viewed as opportunities.

How is the site constrained?
Determine where buildings, roads, and other disturbance should be avoided and why.

Where are the zones of site “opportunity,” in terms of stormwater management?
Determine where most infiltration occurs in terms of vegetation and in terms of soils.
Both constraints and opportunities are grounded in the natural systems present at the
site. Constraints and opportunities are not necessarily simple opposites of one another.
For example, certain types of critical natural areas should be viewed as constraints in
terms of direct land disturbance and building construction, yet also provide significant
opportunity in terms of stormwater management, quantity and quality. Woodlands,
which should be protected from direct land development, provide excellent opportunity
for stormwater management, provided that the correct approaches and practices are
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used. Vegetated riparian buffers should not be disturbed for building and road
construction yet they can be used carefully with level spreading devices to receive
diffuse stormwater runoff. Soils with maximum permeabilities at the site should not be
made impervious with buildings and roads, but used for stormwater management where
feasible. Conversely, buildings and other impervious areas should be located on those
portions of a site with least permeable soils. Site opportunities for volume control can
typically be defined in terms of vegetation types that minimize runoff, as well as sail
types with maximum permeabilities.
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Chapter 5 Comprehensive Stormwater Management. Non  -Structural BMPs

5.1 Introduction

The terms “Low Impact Development” and “Conservation Design” refer to an environmentally sensitive
approach to site development and stormwater management that minimizes the effect of development
on water, land and air. This chapter emphasizes the integration of site design and planning techniques
that preserve natural systems and hydrologic functions on a site through the use of Non-Structural
BMPs. Non-Structural BMP deployment is not a singular, prescriptive design standard but a
combination of practices that can result in a variety of environmental and financial benefits. Reliance
on Non-Structural BMPs encourages the treatment, infiltration, evaporation, and transpiration of
precipitation close to where it falls while helping to maintain a more natural and functional landscape.
The BMPs described in this chapter preserve open space and working lands, protect natural systems,
and incorporate existing site features such as wetlands and stream corridors to manage stormwater at
its source. Some BMPs also focus on clustering and concentrating development, minimizing disturbed
areas, and reducing the size of impervious areas. Appropriate use of Non-Structural BMPs will reflect
the ten “Principles” presented in the Foreword to this manual, and will be an outcome of applying the
procedures described in Chapter 4.

From a developer’s perspective, these practices can reduce land clearing and grading costs, reduce
infrastructure costs, reduce stormwater management costs, and increase community marketability and
property values. Blending these BMPs into development plans can contribute to desirability of a
community, environmental health and quality of life for its residents. Longer term, they sustain their
stormwater management capacity with reduced operation and maintenance demands.

Conventional land development frequently results in extensive site clearing, where existing vegetation
is destroyed, and the existing soil is disturbed, manipulated, and compacted. All of this activity
significantly affects stormwater quantity and quality. These conventional land development practices
often fail to recognize that the natural vegetative cover, the soil mantle, and the topographic form of the
land are integral parts of the water resources system that need to be conserved and kept in balance,
even as land development continues to occur.

As described in Chapter 4, identifying a site’s natural resources and evaluating their values and
functional importance is the first step in addressing the impact of stormwater generated from land
development. Where they already exist on a proposed development site, these natural resources
should be conserved and utilized as a part of the stormwater management solution. The term “green
infrastructure” is often used to characterize the role of these natural system elements in preventing
stormwater generation, infiltrating stormwater once it's created, and then conveying and removing
pollutants from stormwater flows. Many vegetation and soil-based structural BMPs are in fact “natural
structures” that perform the functions of more “structural” systems (e.g., porous pavement with
recharge beds). Because some of these “natural structures” can be designed and engineered, they are
discussed in Chapter 6 as structural BMPs.

5.2 Non-Structural Best Management Practices
This Manual differentiates BMPs based on Non-Structural (Chapter 5) and Structural (Chapter 6)

designations. Non-Structural BMPs take the form of broader planning and design approaches — even
principles and policies — which are less “structural” in their form, although non-structural BMPs do have

363-0300-002 / December 30, 2006 Page 1 of 91



very important physical ramifications. An excellent example would be “reducing imperviousness” (see
BMPs 5.9 and 5.10 below) by reducing road width and/or reducing parking ratios. In this way, a
proposed building program can be accommodated but with reduced stormwater generation. These
non-structural BMPs can be applied over an entire site and are not fixed and designed at one location.
Virtually all of the Non-Structural BMPs set forth in this Chapter of the manual share this kind of site-
wide policy characteristic. Structural BMPs, on the other hand, are decidedly more locationally specific
and explicit in their physical form.

Sometimes called Low Impact Development or Conservation Design techniques, Non-Structural BMPs
are not always markedly different from Structural BMPs. In fact, some of the BMPs described in
Chapter 6, such as Vegetated Swales and Vegetated Filter Strips, are largely based in natural systems
and are intended to function as they would have prior to disturbance. Nevertheless, such BMPs can be
thought of as natural structures, which are designed to mitigate any number of stormwater impacts:
peak rates, total runoff volumes, infiltration and recharge volumes, non-point source water quality
loadings and temperature increases.

Perhaps the most defining distinction for the Non-Structural BMPs set forth in this chapter is their ability
to prevent stormwater generation and not just mitigate stormwater-related impacts once these problems
have been generated. Prevention can be achieved by developing land in ways other than through use
of standard or conventional development practices. Prevention and Non-Structural BMPs go hand in
hand and can be contrasted with Structural BMPs that provide mitigation of those stormwater impacts,
which cannot be prevented and/or avoided.

Several major “areas” of preventive Non-Structural BMPs have been identified in this manual:

Protect Sensitive and Special Value Features
Cluster and Concentrate

Minimize Disturbance and Minimize Maintenance
Reduce Impervious Cover
Disconnect/Distribute/Decentralize

Source Control

More specific Non-Structural BMPs have been identified for each of these generalized areas to better
define and improve implementation of each of these areas. This list of specific BMPs will be refined
and expanded as these stormwater management practices become more common throughout
Pennsylvania.

A uniform format has been developed for the BMPs presented in Chapters 5 and 6 of this manual. It
provides as many engineering details as possible, facilitated through diagrams, graphics and pictures.
There are constant tradeoffs that must be made between providing a more complete explanation for the
countless variations which can be expected to emerge across the state versus the need to be concise
and user friendly.

The uniform format has been applied to all of the Non-Structural BMPs included in Chapter 5, to
encourage recognition that these Non-Structural techniques are every bit as essential as the
technigues presented in Chapter 6 Structural BMPs.

One of the most challenging technical issues considered in this manual involves the selection
of BMPs that have a high degree of NPS reduction or removal efficiency. In the ideal, a BMP
should be selected that has a proven NPS pollutant removal efficiency for all pollutants of

importance, especially those that are critical in a specific watershed (as defined by a TMDL or
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other process). Both Non-Structural BMPs in Chapter 5 and Structural BMPs in Chapter 6 are
rated in terms of their anticipated pollutant removal performance or effectiveness. The initial
BMP selection process analyzes the final site plan and estimates the potential NPS load, using
Appendix A. The targeted reduction percentage for representative pollutants (such as 85%
reduction in TSS and TP load and 50% reduction in the solute load) is achieved by a suitable
combination of Non-Structural and Structural BMPs. This process is described in more detalil
in Chapter 8.

5.3 Non-Structural BMPs and Stormwater Methodologic  al Issues

The methodological approach set forth in Chapter 8 provides a variety of straightforward and
conservative ways to take credit for applying Non-Structural BMPs, provided that the “specifications”
defined for each BMP in Chapter 5 are properly followed.

Because so many of the Non-Structural BMPs seem so removed from the conventional practice of
stormwater engineering, putting these BMPs into play may be a challenge. Many of these Non-
Structural BMPs ultimately require a more sophisticated approach to total site design. Some of the
Non-Structural BMPs don't easily lend themselves to stormwater calculations as conventionally
performed. How do we get stormwater credit for applying any of these techniques? Taking BMPs 5.6.1
and 5.6.2 again as examples, minimizing impervious cover by reducing road width or impervious
parking area directly translates into reduced stormwater volumes and reduced stormwater rates of
runoff. Site planners and designers will also recognize that many of the other Non-Structural BMPs,
such as clustering of uses, conserving existing woodlands and other vegetative cover, and
disconnecting impervious area runoff flows, all translate into reduced stormwater volume and rate
calculations. As such, these BMPs are self-crediting.
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5.4 Protect Sensitive and Special Value Resources
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BMP 5.4.1: Protect Sensitive and Special Value Feat ures

To minimize stormwater impacts, land developmewousthavoid
affecting and encroaching upon areas with imponanaral
stormwater functional values (floodplains, wetlanijzarian areas,
drainageways, others) and with stormwater impacsiseities
(steep slopes, adjoining properties, others) whegrpkacticable.
This avoidance should occur site-by-site and oaraa wide basis.
Development should not occur in areas where sea&pecial
value resources exist so that their valuable nbtunations are not
lost, thereby doubling or tripling stormwater imgacResources
may be weighted according to their functional valgpecific to
their municipality and watershed context.

Key Design Elements

* Identify and map floodplains and riparian area

* Identify and map wetlands

* Identify and map woodlands

* Identify and map natural flow pathways/drainage ways
* Identify and map steep slopes

* Identify and map other sensitive resources

* Combine for Sensitive Resources Map (including all of the
above)

+ Distinguish between including Highest Priority Avoidance Areas
and Avoidance Areas

* Identify and Map Potential Development Areas (all those areas
not identified on the Sensitive Resources Map)

* Make the development program and overall site plan conform to
the Development Areas Map to the maximum; minimize
encroachment on Sensitive Resources.

Potential Applications

Residential:
Commercial: Ultra Yes Yes
Urban: Industrial: Yes Yes
Retrofit: Yes Yes

Highway/Road:

Stormwater Functions

Volume Reduction: Very High
Recharge: Very High

Peak Rate Control: Very High
Water Quality: Very High

Water Quality Functions

TSS: Preventive
TP: Preventive
NO3: Preventive
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Description

A major objective for stormwater-sensitive site planning and design is to avoid encroachment upon,
disturbance of, and alteration to those natural features which provide valuable stormwater functions
(floodplains, wetlands, natural flow pathways/drainage ways) or with stormwater impact sensitivity
(steep slopes, historic and natural resources, adjoining properties, etc.) Sensitive Resources also
include those resources of special value (e.g., designated habitat of threatened and endangered
species that are known to exist and have been identified through the Pennsylvania Natural Diversity
Inventory or PNDI). The objective of this BMP is to avoid harming Sensitive/Special Value Resources
by carefully identifying and mapping these resources from the initiation of the site planning process and
striving to protect them while defining areas free of these sensitivities and special values (Potential
Development Areas). BMP 5.4.2 Protect/Conserve/Enhance Riparian Areas and BMP 5.6.2 Minimize
Soil Compaction in Disturbed Areas build on recommendations included in this BMP.

Variations

< BMP 5.4.1 calls for actions both on the parts of the municipality as well as the individual
landowner and/or developer. Pennsylvania municipalities may adopt subdivision/land
development ordinances which require that the above steps be integrated into their respective
land development processes. A variety of models are available for municipalities to facilitate
this adoption process, such as through the PADCNR Growing Greener program.
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Source: Growing Greener: Putting Conservation Into Local Codes; Natanadi Trusts, Inc. 1997

363-0300-002 / December 30, 2006 Page 8 of 98



* The above steps use the Growing Greener Primary Conservation Areas and Secondary
Conservation Areas designations and groupings. Identify and map the essential natural
resources, including those having special functional value and sensitivity from a stormwater
perspective, and then avoid developing (destroying, reducing, encroaching upon, and/or
impacting) these areas during the land development process. Additionally, it is possible that
Primary and Secondary can be defined in different ways so as to include different resources.
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Figure 5.2-3. Growing Greener’s Conservation Subdivis &
Design: Step One, Part Three — potential development areas.

Source: Growing Greener: Putting Conservation Into Local Codes; Natural Camsts, Inc. 1997

« Definition of the natural resources themselves can be varied. The definition of Riparian Buffer
Area varies. Woodlands may be defined in several ways, possibly based on previous
delineation/definition by the municipality or by another public agency. It is important to note
here that Wooded Areas, which may not rank well in terms of conventional woodland definitions,
maintain important stormwater management functions and should be included in the
delineation/definition. Intermittent streams/swales/natural flow pathways are especially given to
variability. Municipalities may not only integrate the above steps within their subdivision/land
development ordinances, but also define these natural resource values as carefully as possible
in order to minimize uncertainty.

e The level of rigor granted to Priority Avoidance and Avoidance Areas may be made to vary in a
regulatory manner by the municipality and functionally by the owner and/or developer. A
municipal ordinance may prohibit and/or otherwise restrict development in Priority Avoidance
Areas and even Avoidance Areas. All else being equal, the larger the site, the more restrictive
these requirements may be.
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Applications

A number of communities across
Pennsylvania have adopted ordinances that
require natural resources to be identified,
mapped, and taken into account in a multi-
step process similar to the Growing Greener
program. These include:

BUCKS COUNTY
Milford Township SLDO (Sep. 2002)

CHESTER COUNTY

London Britain Township (1999)
London Grove Township (2001)
Newlin Township (1999) : — : .
North Coventry Township (Dec. 2002) Figure 5..-4. Steep slope development with wood
Wallace Township (1994) removi

West Vincent Township (1998)

MONTGOMERY COUNTY
Upper Salford Township (1999)

MONROE COUNTY
Chestnuthill Township (2003)
Stroud Township SLDO (2003)

YORK COUNTY
Carroll Township (2003)

BMP 5.4.1 applies to all types of development in all types of municipalities across Pennsylvania,
although variations as discussed above allow for tailoring according to different development
density/intensity contexts.

Design Considerations
Not applicable.
Detailed Stormwater Functions

Impervious cover and altered pervious covers translate into water quantity and water quality impacts as
discussed in Chapter 2 of this manual. Additional impervious area may further eliminate or in some
way reduce other natural resources that were having especially beneficial functions.

Water quality concerns include all stormwater pollutant loads from impervious areas, as well as all
pollutant loads from the newly created maintained landscape (i.e., lawns and other). Much of this load
is soluble in form (especially fertilizer-linked nitrogen forms). Clustering as defined here, and combined
with other Chapter 5 Non-Structural BMPs, minimizes impervious areas and the pollutant loads related
to these impervious areas. After Chapter 5 BMPs are optimized, “unavoidable” stormwater is then
directed into BMPs as set forth in Chapter 5, to be properly treated. Similarly, for all stormwater
pollutant load generated from the newly-created maintained landscape, clustering as defined here, and

363-0300-002 / December 30, 2006 Page 10 of 98



combined with other Chapter 5 Non-Structural BMPs, minimizes pervious areas and the pollutant loads
related to these pervious areas, thereby reducing the opportunity for fertilization and other chemical
application. Water quality prevention accomplished through Non-Structural BMPs in Chapter 5 is
especially important because Chapter 6 Structural BMPs remain poor performers in terms of
mitigating/removing soluble pollutants that are especially problematic in terms of this pervious
maintained landscape. See Appendix A for additional documentation of the water quality benefits of
clustering.

See Chapter 8 for additional volume reduction calculation work sheets, additional peak rate reduction
calculation work sheets, and additional water quality mitigation work sheets.

Construction Issues

Clearly, application of this BMP is required from the
start of the site planning and development process.
In fact, not only must the site developer embrace
BMP 5.4.1 from the start of the process, the BMP
assumes that the respective municipal officials have
worked to include clustering in municipal codes and
ordinances, as is the case with so many of these
Chapter 5 Non-Structural BMPs.

Maintenance Issues Figure 5.1-5. Example of steep slope development.

As with all Chapter 5 Non-Structural BMPs, maintenance issues are of a different nature and extent,
when contrasted with the more specific Chapter 6 Structural BMPs. Typically, the designated open
space may be conveyed to the municipality, although most municipalities prefer not to receive these
open space portions, including all of the maintenance and other legal responsibilities associated with
open space ownership. In the ideal, open space reserves ultimately will merge to form a unified open
space system, integrating important conservation areas throughout the municipality. These open space
segments may exist dispersed and unconnected. For those Pennsylvania municipalities that allow for
and enable creation of homeowners associations or HOA'’s, the HOA may assume ownership of the
open space. The HOA is usually the simplest solution to the issue.

In contrast to some of the other long-term maintenance responsibilities of a new subdivision and/or land
development (such as maintenance of streets, water and sewers, play and recreation areas, and so
forth), the maintenance requirements of “undisturbed open space” by definition should be minimal. The
objective is conservation of the natural systems, including the natural or native vegetation, with little
intervention and disturbance. Nevertheless, some legal responsibilities must be assumed and need to
be covered.

Cost Issues

Clustering is beneficial from a cost perspective in several ways. Development costs are decreased
because of less land clearing and grading, less road construction (including curbing), less sidewalk
construction, less lighting and street landscaping, potentially less sewer and water line construction,
potentially less stormwater collection system construction, and other economies.
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Clustering also reduces post construction costs. A variety of studies from the landmark Costs of Sprawl
study and later updates have shown that delivery of a variety of municipal services such as street
maintenance, sewer and water services, and trash collection are more economical on a per person or
per house basis when development is clustered. Even services such as police protection are made
more efficient when residential development is clustered.

Additionally, clustering has been shown to positively
affect land values. Analyses of market prices of
conventional development over time in contrast with
comparable cluster developments (where size, type,
and quality of the house itself is held constant) have
indicated that clustered developments with their
proximity to permanently protected open space
increase in value at a more rapid rate than
conventionally designed developments, even though
clustered housing occurs on considerably smaller
lots than the conventional residences.

Figure 5.-6. Woodlind removal for steep sloj
Specifications develonment with retainina wal

Clustering is not a new concept and has been defined, discussed, and evaluated in many different
texts, reports, references and sources detailed in the References for BMP 5.5.1
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BMP 5.4.2: Protect /Conserve/Enhance Riparian Areas

The Executive Council of the Chesapeake Bay Program
defines a Riparian Forest Buffer as "an area of trees, usually
accompanied by shrubs and other vegetation, that is adjacent
to a body of water and which is managed to maintain the
integrity of stream channels and shorelines, to reduce the
impact of upland sources of pollution by trapping, filtering and
converting sediments, nutrients, and other chemicals, and to
supply food, cover, and thermal protection to fish and other
wildlife."

Key Design Elements

Potential Applications

Residential:
Commercial; Ultra Yes Yes

* Linear in Nature Urban: Industrial: Yes Yes

* Provide a transition between aquatic and upland environments Retrofit: Yes Yes
* Forested under natural conditions in Pennsylvania Highway/Road:

* Serve to create a "Buffer" between development and aquatic

environment

* Help to maintain the hydrologic, hydraulic, and ecological integrity Stormwater Functions

of the stream channel.
* Comprised of three "zones" of different dimensions:
Volume Reduction: Medium

. . Recharge: Medium
* Zone 1: Adjacent to the stream and heavily vegetated Peak Rate Control: Low/Med

under ideal conditions (Undisturbed Forest) to Water Quality: Very High
shade stream and provide aquatic food sources.

:Zone 2: Landward of Zone 1 and varying in width,
provides extensive water quality improvement. Water Quality Functions
Considered the Managed Forest.

+ Zone 3: Landward of Zone 2, and may include BMPs

such as Filter Strips. TSS: Preventive

TP: Preventive
NO3: Preventive

There are two components to Riparian Buffers to be considered in the development process:

1. Protecting, maintaining, and enhancing existing Riparian Forest Buffers.
2. Restoring Riparian Forest Buffers that have been eliminated or degraded by past practices.
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BMP 5.4.2 focuses on protection, maintenance, and enhancement of existing Riparian Forest Buffers.
Restoration of Riparian Forest Buffers is treated in Chapter 6 as a Structural BMP.

Benefits of Riparian Forest Buffers
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Figure 5.:-1. Riparian buffer zones support various ecological funct

Detailed Stormwater Functions

Riparian Corridors are vegetated ecosystems along a waterbody that serve to buffer the waterbody
from the effects of runoff by providing water quality filtering, bank stability, recharge, rate attenuation
and volume reduction, and shading of the waterbody by vegetation. Riparian corridors also provide
habitat and may include streambanks, wetlands, floodplains, and transitional areas. Functions can be
identified and sorted more specifically by Zone designation:

Zone 1: Provides stream bank and channel stabilization; reduces soil loss and sedimentation/nutrient
and other pollution from adjacent upslope sheet flow; roots, fallen logs, and other vegetative debris
slow stream flow velocity, creating pools and habitat for macroinvertebrates, in turn enhancing
biodiversity; decaying debris provides additional food source for stream-dwelling organisms; tree
canopy shades and cools water temperature, critical to sustaining certain macroinvertebrates, as well
as critical diatoms, which are essential to support high quality species/cold water species. Zone 1
functions are essential throughout the stream system, especially in 1st order streams.
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Zone 2: Removes, transforms, and stores nutrients, sediments, and other pollutants flowing as sheet
flow as well as shallow sub-surface flow. A healthy Zone 2 has the potential to remove substantial
guantities of excess nitrates through root zone uptake. Nitrates customarily can be significantly
elevated when adjacent land uses are agricultural or urban/suburban. Healthy vegetation in Zone 2
slows surface runoff while filtering sediment and particulate bound phosphorus. Total nutrient removal
is facilitated through a variety of complex processes: long-term nutrient storage through microbe
uptake, denitrification through bacterial conversion to nitrogen gases and additional microbial
degradation processes.

Zone 3: Provides the first stage in managing upslope runoff so that runoff flows are slowed and evenly
dispersed into Zone 2. Some physical filtering of pollutants may be accomplished in Zone 3 as well as
some limited amount of infiltration.

il s s : A
Tonad Tana s Tare 1 Btie & st bowty Tone 1 Lo 4 Lono |

Figure 5.2-2. Riparian buffer zones (DJ Welsh, 19
Design Considerations/Variations

Although this manual refers frequently to the Chesapeake Bay Program’s Riparian Handbook, many
different sources of guidance have been developed in recent years. Not all of these are exactly
comparable in terms of their recommendations and specifications. To some extent these variations
relate to different land use development contexts.

Riparian Forest Buffer Zone widths should be adjusted according to site conditions and type of upslope
development. Variation in standards (see Specifications below) should vary with the function to be
performed by the forested buffer. In undisturbed forested areas where minimal runoff is expected to be
occurring, standards can be made more flexible than in agricultural contexts where large quantities of
natural vegetation have been removed and significant quantities of runoff are expected. In addition to
factors related to technical need, practical and political factors also must be considered. In urbanized
settings where hundreds, if not thousands of small lots may abut riparian areas and already intrude into
potential forested buffer zones, buffer standards must be practicable.
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Lastly, confusion has emerged

between the concept of Functions Provided by the
floodplain and riparian forest
buffer. In many cases, 3-Zone Buffer System

mapped and delineated
floodplain may overlap and

1

floodplain ordinances typically
manage use to prevent flood
damage, which contrasts to
riparian forest buffer regulation  Figure 5.2-3. Riparian buffer zone functions.
which manages clearing and

grading actions in the zones, specifically for environmental reasons.

] 'l A 1 -
even largely coincide with : !t : ! ¢ | Wildlife habitat
riparian forest buffer zones. : i PO & :
On the other hand, mapped : i - : ! Flood reduction
100-year floodway/floodplain : . : 4ty | Sediment removal
may not coincide with the : : - - y
forest buffer due to either very : i — — + Nitrogen removal
steep topography or very - - : ' : e
moderate slopes. A second | . " !  Bank stability
important clarification is that £ + : | Shade/food web

i

|
|
Stream Zone 1 Zone 2 Zone 3

Construction Issues

Riparian Forest Buffer Protection should be defined and included in municipal ordinances, including
both the zoning ordinance and subdivision and land development ordinance (SALDO). The Riparian
Forest Buffer should be defined and treated from the initial stages of the land development process,
similar to floodplain, wetland or any other primary conservation value. It is the municipality’s
responsibility to determine a fair and effective riparian forest buffer program, balancing the full range of
water resource and watershed objectives along with other land use objectives. A fair and effective
program should evolve for all municipal landowners and stakeholders. State-supported River
Conservation Plans, Act 167 Stormwater Management Plans, and other planning may contribute to this
effort.

Whether a respective municipality has included riparian forest buffers in its ordinances or not,
landowners/developers/applicants should include riparian forest buffers in their site plans from the
initiation of the site planning process. If standards and guidelines have been set forth by the
municipality or by other relevant planning group, these standards and guidelines should be followed. If
none of these exist, standards recommended in this manual should be followed.

The ease of accommodating a riparian forest buffer can be expected to vary based on intensity of land
use, zoning at the site and size of the parcel. Holding all other factors constant, as site size decreases,
the challenges posed by riparian zone accommodation can be expected to increase. As sites become
extremely small, reservation of site area for riparian forest buffer may become problematic, thereby
requiring riparian forest buffer modification in order to accommodate a reasonable building program for
the site. Zoned land use intensity is another factor to be considered. As this intensity increases and
specifications for maximum building area and impervious area and total disturbed area are allowed to
grow larger, reserving site area for the riparian forest buffer becomes more challenging. Riparian forest
buffer programs need to be sensitive to these constraints.

363-0300-002 / December 30, 2006 Page 16 of 98



All of these factors should be reviewed and integrated by the municipality as the riparian forest buffer
program is being developed.

Cost Issues

Costs of riparian forest buffer establishment are not significant, defined in terms of direct development.
In these cases, costs can be reasonably defined as the lost opportunity costs of not being able to use
acreage reserved for the riparian forest buffer in the otherwise likely land use. A likely land use might
be defined in terms of zoned land use. Depending upon the zoning category provisions and the degree
to which a riparian forest buffer’'s Zone 1 or Zone 2 or Zone 3 might be able to be included as part of a
land development plan or as part of yard provisions for lots in a residential subdivision acreage included
within the riparian forest buffer may or may not be able to be included as part of the development. If
riparian acreage must be totally subtracted, then it's fair value should be assessed as a cost. If riparian
forest buffers can be credited as part of yards (though still protected), then that acreage should not be
considered to be a cost. Any one-time capital cost can be viewed alternatively as an annualized cost.

To the extent that the riparian forest buffer coincides with the mapped and regulated floodplain, where
homes and other structures and improvements should not be located, then attributing any lost
opportunity costs exclusively to riparian forest buffers is not reasonable. The position can be argued
that any riparian forest buffer area, which is included within floodplain limits, should not be double-
counted as a riparian forest buffer cost. Alternatively, any riparian forest buffer area that extends
beyond the floodplain could be assigned a cost.

Lost opportunity costs can be expected to vary depending upon land use. Alternative layouts, including
reduced lot size configurations, may be able to provide the same or close to the same number of units
and the same level of profitability.

Over the long-term, some modest costs are required for periodic inspection of the riparian forest buffer
plus modest levels of maintenance. Generally, the buffers require very little in the way of operating and
maintenance costs.

If objective cost-benefit analysis were to be undertaken on most riparian forest buffers, results would be
quite positive, demonstrating that the full range of environmental and non-environmental benefits
substantially exceeds costs involved. Protection of already existing vegetated areas located adjacent
to streams, rivers, lakes, and other waterways is of tremendous importance, given their rich array of
functional benefits.

Stormwater Management Calculations

Stormwater calculations in most cases for Volume Control and Recharge and Peak Rate will not be
affected dramatically. See Chapter 8 for more discussion relating to Water Quality.
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Specifications

The Chesapeake Bay Program’s Riparian Handbook provides an in-depth discussion of establishing
the proper riparian forest buffer
width, taking into consideration:

1. existing or potential value of
the resource to be protected,

2. site, watershed, and buffer
characteristics,

3. intensity of adjacent land use,
and
4. specific water quality and/or

habitat functions desired.
(Handbook, p. 6-1)

CHARAGTERISTICS |  STREAWISIDE ZONE | MIDDLE ZONE | OUTER ZOKE

Provide distance betwoen
upland development
and streamside rone

Protect 1he physical integrity
of the stream ecosyetem

Present ercroachment

FUNCTION and filter backyard rumafl

At the core of the scientific basis for o

. . . Min. 25 feel, plus 50 to 100 feet. depanding 7% foot minimum
riparian forest buffer establishment W wetands and cticalhastats | 50 FUEOT TS SO | etk to stctues
are a variety of site-specific factors,

including: watershed condition, e | o | e |
slope, stream order, soil depth and s e Restriciod Unmestrictad s 5. resdonial
erodibility, hydrology, floodplains, T T2l ] bttanody o] R el g
wetlands, streambanks, vegetation A
type, and stormwater system, all of

which are discussed in the Figure 5.2-4. Three zone urban buffer system (Schueler, 199
Handbook. Positively, this body of Metropolitan COG, 1995).

scientific literature has expanded

tremendously in recent years and provides excellent support for effective buffer management. The
downside is that this scientific literature now exceeds quick and easy summary. Fortunately, this
Handbook and many additional related references are available online without cost (given the
comprehensiveness of the Handbook itself, it is recommended that the reader start here).

Zone 1. Also termed the “streamside zone,” this zone “...protects the physical and ecological integrity
of the stream ecosystem. The vegetative target is mature riparian forest that can provide shade, leaf
litter, woody debris, and erosion protection to the stream. The minimum width is 25 feet from each
streambank (approximately the distance of one or two mature trees from the streambank), and land use
is highly restricted....” (Handbook, p. 11-8)

Zone 2: Also termed the “middle zone,” this zone”...extends from the outward boundary of the
streamside zone and varies in width depending on stream order, the extent of the 100-year flood plain,
adjacent steep slopes, and protected wetland areas. The middle zone protects key components of the
stream and provides further distance between upland development and the stream. The minimum
width of the middle core is approximately 50 feet, but it is often expanded based on stream order, slope
of the presence of critical habitats, and the impact of recreational or utility uses. The vegetative target
for this zone is also mature forest, but some clearing is permitted for stormwater management Best
Management Practices (BMPS), site access, and passive recreational uses....” (Handbook, p. 11-8)

Zone 3: Also termed the “outer zone,” this zone “...is the ‘buffer’s buffer.” It is an additional 25-foot
setback from the outward edge of the middle zone to the nearest permanent structure. In many urban
situations, this area is a residential backyard. The vegetative character of the outer zone is usually turf
or lawn, although the property owner is encouraged to plant trees and shrubs to increase the total width
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of the buffer... The only significant restrictions include septic systems and new permanent structures.”
(Handbook, p. 11-9)

The Handbook also provides more detailed specifications for riparian forest buffers (Appendix 1), as
developed by the USDA's Forest Service.
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BMP 5.4.3: Protect/Utilize Natural Flow Pathways inOverall Stormwater

Planning and Design

Identify, protect, and utilize the site’s natural drainage
features as part of the stormwater management system.

Key Design Elements

* Identify and map natural drainage features (swales, channels,
ephemeral streams, depressions, etc.)

- Use natural drainage features to guide site design

* Minimize filling, clearing, or other disturbance of drainage
features

+ Utilize drainage features instead of engineered systems
whenever possible

* Distribute non-erosive surface flow to natural drainage features
* Keep non-erosive channel flow within drainage pathways

* Plant native vegetative buffers around drainage features

Potential Applications

Residential: Yes
Commercial: Yes
Ultra Urban: No

Industrial: Yes
Retrofit: Yes
Highway/Road: Yes

Stormwater Functions

Volume Reduction: Low/Med.
Recharge: Low
Peak Rate Control: Med./High
Water Quality: Medium

Water Quality Functions

TSS: 30%
TP: 20%
NO3: 0%
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Description

Most natural sites have identifiable drainage features such as swales, depressions, watercourses,
ephemeral streams, etc. which serve to effectively manage any stormwater that is generated on the
site. By identifying, protecting, and utilizing these features a development can minimize its stormwater
impacts. Instead of ignoring or replacing natural drainage features with engineered systems that
rapidly convey runoff downstream, designers can use these features to reduce or eliminate the need for
structural drainage systems. Naturally vegetated drainage features tend to slow runoff and thereby
reduce peak discharges, improve water quality through filtration, and allow some infiltration and
evapotranspiration to occur. Protecting natural drainage features can provide for significant open
space and wildlife habitat, improve site aesthetics and property values, and reduce the generation of
stormwater runoff. If protected and used properly, natural drainage features generally require very little
maintenance and can function effectively for many years.
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Figure 5.3-1 Protect natural drainage features

Variations

Natural drainage features can also be made more effective through the design process. Examples
include constructing slight earthen berms around natural depressions or other features to create
additional storage, installing check dams within drainage pathways to slow runoff, and planting
additional native vegetation.
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Applications

J Use buffers to treat stormwater runoff.

150' MAXIMUM OVERLAND FLOW T' 50 MINIMUM
(PERVIOUS SURFACES) T BUFFER

{ MATURALLY VEGETATED

{ BUFFER AREA WITH AVERACE
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BVGERAGE SLOPE
LESS THANOR ECUAL |
TURF i

LEVEL SPREADER — 1|
(WHERE NECESSARY)

T LEVEL UNDISTURBED
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Figure 1.4.2-28 Use of a Level Spreader with a Riparian Buffer

Figure 5.3-3 Section of buffer utilization

. Use natural drainage pathways instead of straktirainage systems
Conservation Design for Stormwater Management Cast Study: Plensant Hill Farm
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Figure 5.4 The natural surface can provide stormwat
drainage pathways
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Use natural drainage features to guide site desig
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Figure 5.3-5 Natural drainage features can guide the design

Others...

; ~
Figure 5.i-6 Natural surface depressions can temporarily ¢
stormwater.

Design Considerations

1. IDENTIFICATION OF NATURAL DRAINAGE FEATURES.

Identifying and mapping natural

drainage features is generally done as part of a comprehensive site analysis. This process is an
integral part of site design and is the first step for many of the non-structural BMPs described in this

Chapter.

2. NATURAL DRAINAGE FEATURES GUIDE SITE DESIGN.

Instead of imposing a two-dimensional

‘paper’ design on a particular site, designers can use natural drainage features to steer the site layout.
Drainage features can be used to define contiguous open space/undisturbed areas as well as road
alignment and building placement. The design should minimize disturbance to natural drainage
features and crossings of them. Drainage features that are to be protected should be clearly shown on
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all construction plans. Methods for protection, such as signage and fencing, should also be noted on
applicable plans.

3. UTILIZE NATURAL DRAINAGE FEATURES. Natural drainage features should be used in place of
engineered stormwater conveyance systems wherever possible. Site designs should use and/or
improve natural drainage pathways to reduce or eliminate the need for stormwater pipe networks. This
can reduce costs, maintenance burdens, disturbance/earthwork related to pipe installation, and the size
of other stormwater management facilities. Natural drainage features should be protected from any
increased runoff volumes and rates due to development. The design should prevent the erosion and
degradation of natural drainage features through the use of upstream volume and rate control BMPs.
Level spreaders, erosion control matting, re-vegetation, outlet stabilization and check dams can also be
used to protect natural drainage features, where appropriate.

4. NATIVE VEGETATION. Natural drainage pathways should be provided with native vegetative
buffers and the features themselves should include native vegetation where applicable. If drainage
features have been previously disturbed, they can be restored with native vegetation and buffers.

Detailed Stormwater Functions

Volume Reduction Calculations

Protecting/utilizing natural drainage features can reduce the volume of runoff in several ways.
Reducing disturbance and maintaining a natural cover can significantly reduce the volume of runoff
through infiltration and evapotranspiration. This will be self-crediting in site stormwater calculations
through lower runoff coefficients and/or higher infiltration rates. Utilizing natural drainage features can
reduce runoff volumes because natural drainage pathways allow infiltration to occur, especially during
smaller storm events. Encouraging infiltration in natural depressions also reduces stormwater
volumes. Employing strategies that direct non-erosive sheet flow onto naturally vegetated areas can
allow considerable infiltration. See Chapter 8 for volume reduction calculation methodologies.

Peak Rate Mitigation Calculations

Protecting/utilizing natural drainage features can reduce the anticipated peak rate of runoff in several
ways. Reducing disturbance and maintaining a natural cover can significantly reduce the runoff rate.
This will be self-crediting in site stormwater calculations through lower runoff coefficients, higher
infiltration rates, and longer times of travel. Using natural drainage features can lower discharge rates
significantly by slowing runoff and increasing on-site storage.

Water Quality Improvement
Protecting/utilizing natural drainage features can improve water quality through filtration, infiltration,
sedimentation, and thermal mitigation. See Chapter 8 for Water Quality Improvement methodologies.

Construction Issues

1. Atthe start of construction, natural drainage features to be protected should be flagged/fenced
with signage as shown on the construction drawings.

2. Non-disturbance and minimal disturbance zones should be strictly enforced.

3. Natural drainage features must be protected from excessive sediment and stormwater loads
while their drainage areas remain in a disturbed state.
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Maintenance Issues

Natural drainage features that are properly protected/utilized as part of site development should require
very little maintenance. However, periodic inspections and maintenance actions (if necessary) are
important. Inspections should assess erosion, bank stability, sediment/debris accumulation, and
vegetative conditions including the presence of invasive species. Problems should be corrected in a
timely manner. If native vegetation is being established it may require some support — watering,
weeding, mulching, replanting, etc. — during the first few years. Undesirable species should be
removed and desirable replacements planted if necessary.

Protected drainage features on private property should have an easement, deed restriction, or other
legal measure to prevent future disturbance or neglect. DEP has worked with the Pennsylvania Land
Trust Association (PALTA) to develop an easement template with guiding commentary for permanently
protecting forest riparian buffers. The model is tailored to protect a relatively narrow ribbon of land
along a waterway or lake. Presumably, the riparian buffers will most often comprise lands of severely
limited development potential and the landowner will not be seeking a charitable federal income tax
deduction.

In preparing the model, it was also assumed that landowners would be receiving no more than a
nominal sum for placing the restrictive covenants on their land. To promote landowner donation, the
model was drafted to be as brief as possible while providing core protections to forest riparian buffers.
The model with guiding commentary is available at http://conserveland.org/model_documents/#riparian
PALTA is now offering landowners who use this model a grant of up to $6000 to cover associated costs
such as attorney’s fees.

Cost Issues

Protecting/utilizing natural drainage features generally results in a significant construction cost savings.
Protecting these features results in less disturbance, clearing, earthwork, etc. and requires less re-
vegetation. Utilizing natural drainage features can reduce the need and size of costly, engineered
stormwater conveyance systems. Together, protecting and utilizing drainage features can reduce or
eliminate the need for stormwater management facilities (structural BMPs), lowering costs even more.

Design costs may increase slightly due to a more thoughtful, site-specific design.
Specifications

Not applicable

363-0300-002 / December 30, 2006 Page 26 of 98



5.5 Cluster and Concentrate
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BMP 5.5.1: Cluster Uses at Each Site; Build on the Smallest Area

Possible

As density is held constant, lot size is reduced,
disturbed area is decreased, and undisturbed open
space is increased.

DNREC and Brandywine Conservancy, 1)

Key Design Elements

* Reduce total site disturbancef/total site maintenance and increase
undisturbed open space by clustering proposed uses on a total site
basis through moving uses closer together (i.e., reducing lot size)
and/or through stacking uses (i.e., building vertically), even as
amount of use (i.e., gross density) is held constant as per existing
zoning (or any other gross density determination). As density is
held constant (Example A), lot size is reduced, disturbed area
decreases, and undisturbed open space increases (Example B).

* Per lot values/prices may decline marginally; however,
development costs also decrease.

* Cluster provisions may/may not be allowed by municipal zoning;
if no zoning exists, ability to cluster may not be clear (lacking
zoning, has the municipality in any way set standards for site uses,
gross densities of these uses, etc.?).

+ Pending answers to above questions, have lot sizes been
reduced to the minimum, given proposed uses? Given existing
ordinance provisions? Given other development feasibility factors
such as public water/sewer vs. on-site water and sewer and
others?

* Is the applicant maximizing clustering as much as possible
legally?

*Is the applicant maximizing clustering functionally within municipal
ordinance limits?

Potential Applications

Residential: Yes
Commercial: Yes*
Ultra Urban: Limited

Industrial; Limited
Retrofit: Yes
Highway/Road: No

*Depending on site size, constraints and
other factors.

Stormwater Functions

Volume Reduction: Very High
Recharge: Very High

Peak Rate Control: Very High
Water Quality: Very High

Water Quality Functions

TSS: Preventive
TP: Preventive
NO3: Preventive
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Description
See Key Design Elements.

Variations

« Clustering can be mandated by a municipality as the so-called by-right provision of the zoning
district, rather than allowed as a zoning option.

« Density bonus with reduced lot size. In some cases, when lot size is reduced, gross density
allowed at the site may be increased, in order to balance what might be lesser
values/profitability from smaller lots (Example C). Extent of bonus density is variable, becoming
larger as lot size reduction increases (net effect is to always reduce net disturbed area); density
bonuses may be made to increase as total undisturbed open space provisions are increased
(e.g., for every 10 percent increase in undisturbed open space being provided, density is
allowed to increase by 5 percent, and so forth; Example D).

» Extreme Clustering in the form of the Growing Greener 4-Step Design Process which includes:
Step 1: Map of Primary and Secondary Conservation Areas; Step 2: Map of Potential
Development Area with Yield Plan, calculated as per allowed gross density; Step 3: Map of
Street and Trail Connection; Step 4: Map of Lot Lines

Applications

« Residential Clustering:

» Example A, shown in Figure 5.4-1: The kind of subdivision most frequently created in
Pennsylvania is the type which blankets the development parcel with house lots and
pays little attention to designing around the special features of the property. In this
example, the house placement avoids the primary conservation areas, but disregards
the secondary conservation features. Such a sketch can provide a useful estimate of a
site's capacity to accommodate new houses at the base density allowed under zoning-
and is therefore known as a "Yield Plan."

Figure 5..-1 Conventional Development, (Source: Growing Greener: PL
Conservation Into Local CodesNatural Lands Trust, Inc., 1997)
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« Example B, shown in Figure 5.4-2: Density-neutral with Pre-existing Zoning; 18 lots; Lot
Size Range: 20,000 to 40,000 sq. ft.; 50% undivided open space

« Example C, shown in Figure 5.4-3: Enhanced Conservation and Density; 24 lots; Lot
Size Range: 12,000 to 24,000 sq. ft.; 60% undivided open space

- Example D, shown in Figure 5.4-4: Hamlet or Village; 36 lots; Lot Size Range: 6,000 to
12,000 sg. ft.; 70% undivided open space

Minienum Lot Size Mazirem Average Lot Size

300 1

Figure 5.2 Clustered Development, (Source: Growing Greener: Pt
Conservation Into Local Codes. Natural Lands Trust, Inc., 1997)

Figure 5..-3 Modest Density BonusSource: Growing Figure 5..-4 Hamlet or Village, (Source: Growir
Greener: PuttingConservation Into Local Codes. Greener: Putting Conservatiointo Local Codes.
Natural Lands Trust, Inc., 1997) Natural Lands Trust, Inc., 1997)
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« Non-Residential Clustering:
- Conventional Development
» Preferred Vertical Neo-Traditional Development

Design Considerations

Objectives:
« Maximize open space, especially when it includes sensitive areas (primary and secondary).
» Maximize access to open space.
« Maximize sense of place design qualities.
- Balance infrastructure needs (sewer, water, roads, etc.)

Clustering should respond to a variety of site considerations. This BMP discussion assumes that
proper and effective work has been undertaken by the municipality to determine the proper site by site
land uses and the proper densities/intensities of these land uses. The question is then: how can X
amount of Y uses be best clustered at a particular site?

Detailed Stormwater Functions

Clustering, as defined here, is self-reinforcing. Clustering reduces total impervious areas, including
street lengths and total paved area and is likely to link with other BMPs, as defined in this Chapter,
including reduced imperviousness, reduced setbacks, reduced areas for drives and walkways, and so
forth. All of this directly translates into reduced volumes of stormwater being generated and reduced
peak rates of stormwater being generated, thereby benefiting stormwater planning. Additionally,
clustering translates into reduced disturbance and increased preservation of the natural landscape and
natural vegetative land cover, which further translates into reduced stormwater runoff, volume and
peak. To the extent that this clustering BMP also involves increased vertical development, net site roof
area and impervious area is reduced, holding number of units and amount of square footage of a use
constant. In all cases, density bonuses, if utilized, should be scrutinized to make sure that additional
density allowed is more than balanced by additional open space being provided, including further
reductions in street lengths, other impervious surfaces, other disturbed areas, and so forth.

Water quality is affected by non-point source pollutant load from impervious areas, as well as the
pollutant load from the newly created maintained landscape, much of which is soluble in form
(especially fertilizer-linked nitrogen forms). Clustering, alone and when combined with other Chapter 5
Non-Structural BMPs, minimizes impervious areas and the pollutant loads related to these impervious
areas. Similarly, clustering minimizes pollutant loads from lawns and other mowed areas. After
Chapter 5 BMPs are optimized, “unavoidable” stormwater is then directed into BMPs as set forth in
Chapter 6, to be properly treated. Chemical pollution prevention accomplished through Non-Structural
BMPs is especially important because Structural BMPs remain poor performers in terms of
mitigating/removing soluble pollutants that are especially problematic in terms of this pervious
maintained landscape. See Appendix A for additional documentation of the water quality benefits of
clustering.

See Chapter 8 for volume reduction calculation work sheets, peak rate reduction calculation work
sheets, and water quality mitigation work sheets.

Construction Issues

Application of this BMP clearly is required from the start of the site planning and development process.
Not only must the site owner/builder/developer embrace BMP 5.5.1 Cluster Uses at Each Site from the
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start of the process, the respective municipal officials must have included clustering in municipal codes
and ordinances, as is the case with so many of these Chapter 5 Non-Structural BMPs. Any areas to be
protected from development must be clearly marked in the field prior to the beginning of construction.

Maintenance Issues

As with all Chapter 5 BMPs, maintenance issues are of a different nature and extent then the more
specific Chapter 6 Structural BMPs. Typically, the primary issue is “who takes care of the open
space?” Legally, the designated open space may be conveyed to the municipality, although most
municipalities prefer not to receive these open space portions, including all of the maintenance and
other legal responsibilities associated with open space ownership. ldeally, open space reserves will
merge to form a unified open space system, integrating important conservation areas throughout the
municipality and beyond. In reality, these open space segments may exist dispersed and unconnected
for a considerable number of years. For those Pennsylvania municipalities that allow for and enable
creation of homeowners associations or HOA's, the HOA, may assume ownership of the open space.
The HOA is usually the simplest solution to the “who takes care of the open space” question.

In contrast to some of the other long-term maintenance responsibilities of a new subdivision and/or land
development (such as maintenance of streets, water and sewers, play and recreation areas, etc.), the
maintenance requirements of “undisturbed open space” should be minimal. The objective here is
conservation of the natural systems already present, with minimal intervention and disturbance.
Nevertheless, invariably some legal responsibilities must be assumed and need to be covered.

Cost Issues

Clustering is beneficial from a cost perspective in several ways. Costs to build a single-family
residential development is less when clustered than when not clustered, holding the home type and all
other relevant infrastructure constant. Costs are decreased because of less land clearing and grading,
less road construction (including curbing), less sidewalk construction, less lighting and street
landscaping, potentially less sewer and water line construction, potentially less stormwater collection
system construction, and similar savings.

Clustering also reduces post construction costs. A variety of studies from the landmark Costs of Sprawl
study and later updates have shown that delivery of a variety of municipal services such as street
maintenance, sewer and water services, and trash collection are more economical on a per person or
per house basis when development is clustered. Even services such as police protection are made
more efficient when residential development is clustered.

Additionally, clustering has been shown to positively affect land values. Analyses of market prices over
time of conventional development in contrast with comparable residential units in clustered
developments have indicated that clustered developments with their proximity to permanently protected
open space increase in value at a more rapid rate than conventionally designed developments, even
though clustered housing occurs on considerably smaller lots than the conventional residences.

Specifications

Clustering is not a new concept and has been defined, discussed, and evaluated in many different
texts, reports, references, sources, as set forth below.
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BMP 5.5.2: Concentrate Uses Area wide through Smart  Growth
Practices

On a municipal, multi-municipal or areawide basis, use of "smart growth" planning techniques, including
neo-Traditional/New Urban planning principles, to plan and zone for concentrated development
patterns can accommodate reasonable growth and development. These practices direct growth to
areas or groups of parcels in the municipality that are most desirable and away from areas or groups of
parcels that are undesirable. BMP 5.5.2 can be thought of as Super Clustering that transcends the
reality of the many different large and small parcels that exist in most Pennsylvania municipalities.
Clustering parcel by parcel simply cannot accomplish the growth management that is so essential to
conserve special environmental and cultural values and protect special sensitivities. These smart
growth techniques include but are not limited to, transfer of development rights (TDR), urban growth
boundaries, effective agricultural zoning, purchase of development rights (PDR) by municipalities,
donation of conservation easements by owners, limited development and bargain sales by owners, and
other private sector landowner options. "Desirability” is defined in terms of environmental, historical
and archaeological, scenic and aesthetic, "sense of place," and quality of life sensitivities and values.

Key Design Elements

Potential Applications

Residential: Yes
Commercial: Yes
Ultra Urban: Yes
Industrial: Yes
Retrofit: Yes
Highway/Road: Limited

+ Establish baseline growth and development context for the
municipality or multi-municipal area (how much of what by when
and where, using decade increments, plus ultimate build out).

* On macro level (defined as municipality-wide, multi-municipality-
wide, areawide), define criteria for growth "desirability"

(opportunities) and "undesirability" (constraints) on a multi-site Stormwater Functions
and/or municipality-wide and/or areawide basis.

* Apply these "desirability” and "undesirability” criteria. ) )
Volume Reduction: Very High

* Contrast baseline growth and development (first step) with third Recharge: Very High
step; highlight problems. Peak Rate Control: Very High
* Apply smart growth techniques as needed to re-form "business Water Quality: Very High

as usual" future to max out "desirability" and "undesirability"
performance. Techniques include: transfer of development rights
(TDR), urban growth boundaries, effective agricultural zoning, Water Quality Functions
purchase of development rights (PDR), donation of conservation
easements by owners, limited development and bargain sales by
owners, and other private sector landowner options.

TSS: Preventive
TP: Preventive
NO3: Preventive
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Variations

Because of the broadness of this BMP and its macro scale, variations in this BMP can be substantial.
Variations include: 1) how areas deemed to be desirable for growth are defined, whether clusters,
hamlets, villages, towns and/or cities; 2) how areas deemed undesirable for growth are defined
(conserving natural resources, agricultural lands and other vital resources); and 3) how any of this is
made to happen and what blend of smart growth techniques can be applied (where and when) to
implement 1 and 2.

1. Defining Desirable Growth — Opportunities for Gr ~ owth: Clusters, Hamlets, Villages, Towns

and Cities

The vision for growth and development can take many different forms and can vary substantially
depending upon the respective municipality, group of municipalities, or area. Rural areas (Figure 5.5-1)
striving to preserve their rural character can concentrate development through adherence to building
onto or even creating Hamlets and Villages. If adjacent communities exist, development can be
directed into the town or at the town edge (Figure 5.5-2). Clustering (see BMP 5.5.1) on a site-by-site
basis is superior from a site perspective but yields a pattern that is less than optimal from a multi-site or
area wide perspective (Figure 5.5-3). However, this overall pattern is vastly preferable to the business
as usual approach across many different sites comprising the entire area (Figure 5.5-4).

Figure 5.5-1 Rural landscape of Pennsylvania

Areas already developed and urbanized are likely to define appropriate in-fill development and re-
development at higher densities. Multiple community planning sources with specific community
building standards and specifications are available for reference. The importance of careful
definition of growth zones and the performance standards that define these growth zones cannot be
overemphasized. Often this BMP has been driven by environmental conservation objectives such
as saving the undesirable growth areas (Sending Zones in TDR parlance) as discussed below but
every bit as much care must be taken in defining and planning the desirable growth areas
(Receiving Zones).
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2.

Defining Undesirable Growth Areas — Constraints  : High Value Watershed Areas, Agricultural

Areas, Eco-Sensitive Habitat Areas, Headwaters, and Stream Designations

3.

Criteria used by a municipality or area for managing development may be expected to vary to some
extent. Municipalities may include special watershed areas, which have Pennsylvania Code
Chapter 93 Special Protection Waters designation (Exceptional Value and High Quality), as well as
critical headwater (first order streams) portions of watersheds. Source Water Protection zones may
exist, including areas of especially important groundwater recharge, or habitat areas where the
Pennsylvania Natural Diversity Inventory (PNDI) indicates especially important species presence.
Also, important wetlands, floodplains and other natural features may exist. Prime Agricultural
Lands and Agricultural Security Districts may be deserving of conservation. Areas may be
especially sensitive due to rugged topography or steep slopes. Areas may be sensitive due to
richness of historical and archaeological and even scenic values. All of these important values are
likely to extend well beyond individual parcel boundaries and require smart growth area wide growth
management techniques.

Mixing and Matching Smart Growth Techniques: P ublic and Private

If a municipality consists of only a handful of enormous parcels where BMP 5.5.1 Clustering can
work together to achieve the areawide “desirable growth” and “undesirable growth” patterns for the
entire municipality as described above, BMP 5.5.2 would be made unnecessary. Such is usually
not the case. A municipality may decide to use all or most of the smart growth techniques
discussed here. A municipality may decide that “less is more” and try to achieve its objectives with
the most simple growth management program possible, using the fewest techniques. The blend of
public techniques versus private techniques is also important. Most of what is involved here entails
public sector management action, such as zoning ordinance provisions. A few municipalities in
Pennsylvania (West Marlborough, Chester County) have achieved municipality-wide success
through private landowner actions, such as voluntary donation of conservation easements to
conservancies and land trusts.

The optimal blend of smart growth techniques is not easily determined. Each technique has pros
and cons, in terms of technical effectiveness, ease of implementation, political and socioeconomic
implications, and integration with the local culture. Municipalities may decide to hire a local
planning consultant (contact the Pennsylvania Planning Association for additional references), or
may decide to consult with a free or low cost information resource such as the Pennsylvania
Environmental Council or 10,000 Friends of Pennsylvania. The direct state government agency
contact is the Pennsylvania Department of Community and Economic Development. These
organizations and agencies offer a variety of planning resources by providing information on smart
growth techniques and their potential usefulness in any one particular municipal setting. The
organizations’ respective websites should be consulted for more detailed information.
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Applications

Transfer of Development Rights (TDR)

Transfer of Development Rights (TDR, see Figure 5.5-5)
is allowed as an option in Pennsylvania under the
Municipalities Planning Code. TDR creates an overlay
(Sending Zone) in the zoning ordinance where property Sending
owners are allowed to sell development rights for hrez
properties where growth is deemed to be less than
desirable for any number of reasons. In a second
created overlay zone (Receiving Zone), these ’
development rights that have been purchased may be &
used to increase development density, above the
maximum baseline or conventional zoned density. TDR
has been in existence for some years and has been used
by a relatively small number of Pennsylvania
municipalities, although it has been used more widely in
New Jersey and several other states. Although TDR is created in the municipal zoning ordinance, all
TDR transactions or transfers of development rights may occur within the private sector, between
Sending Zone owners and Receiving Zone purchasers or developers. TDR has been used in
Buckingham Township (Bucks County), West Bradford and West Vincent Townships (Chester County),
Manheim and Warwick Townships (Lancaster County).

Source: Maryland Office of Planning
Figure 5.5-5 Example of Transfer of Development Rights

Growth Boundaries:

Growth Boundaries (Urban Growth Boundaries, see Figure 5.5-6) are based on the concept that
infrastructure such as public road systems and public water and wastewater treatment systems have a
powerful growth inducing and growth shaping influence
on an area wide basis. By controlling the location and
timing of this infrastructure through municipal or public
sector action, municipalities can encourage development
in certain areas and discourage development in others.
Growth Boundaries define where municipalities will
directly and indirectly encourage, and even provide
infrastructure services, significantly increasing zoned
densities. Areas lacking such infrastructure services are
zoned at significantly decreased densities. The State of
Oregon has been a leading advocate of Growth
Boundaries. Lancaster County for some years has been
applying Growth Boundary principles in its
comprehensive planning (go to their website to the
annual Growth Tracking reports which document how . e
their planning is achieving Growth Boundary objectives). B

Source: Greenbelt Alliance

Effective Agricultural Zoning: Figure 5.5-6 Example of Urban Growth Boundary
Large lot zoning (usually defined as zoning that requires average lot size to be greater than 2 acres per
lot) has been rejected by Pennsylvania courts as exclusionary and unacceptable. However, very large
minimum lot size to maintain existing agricultural uses has been deemed to be acceptable by
Pennsylvania courts and is being practiced throughout Pennsylvania, especially in intensive agricultural
communities in southcentral Pennsylvania (e.g., multiple municipalities in Adams, Berks, Chester,
Lancaster, York, etc.). Effective agricultural zoning may take the form of a specified mapped zoning
category with a minimum lot size of 10,15, 20, or 25 acres (this varies). Sliding scale agricultural
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Zoning is a popular variation, where additional lots to be created and subdivided are a function of the
size of the total agricultural tract (though gross density remains very low). The intent is to allow a small
number of lots to be created over time, possibly for family members or for agricultural workers, but to
keep the functioning farms as intact as possible without residential subdivision or any other
development intrusion. The concept here is that the so-called “highest and best use of the land” is
agricultural use, which will be best maintained through protection of the farming community and through
this very low-density zoning. Application of Agricultural Zoning has been restricted to areas where
agriculture can be defined explicitly, typically in the presence of prime farmland soils, intensive
agricultural activity, formation of Agricultural Security Districts, or other indicators of important
agricultural activity. Obviously, this smart growth technique has limited application in terms of a growth
management technique.

Purchase of Development Rights:

Similar to TDR, the concept of Conservation Easements hinges on the notion that development rights
for any particular property can be defined and separated from a property. These development rights
can then be purchased and in a sense retired from the open market. The Pennsylvania Farmland
Preservation Program, which purchases development rights from existing agricultural owners and
allows farmers to continue their ownership and their agricultural activities, has become one of the most
successful agricultural preservation programs in the country. This program is highly competitive and
obviously limited to agricultural properties and contexts. The Farmland Preservation Program is a
priority of the current administration, will continue to be funded, and has been reinforced in several
counties with county-funded farmland preservation programs in order to stretch the state dollars.

Some counties (Bucks, Chester, Montgomery Counties) and municipalities (North Coventry, East
Bradford, Pennsbury, Solebury, West Vincent and others) have enacted special open space and
recreation acquisition programs. They are funded in various ways (bond issues, real estate taxes,
small payroll taxes) to purchase additional county-owned and municipality-owned lands, for use as
active and passive recreation as well as open space conservation. These efforts can be used in
conjunction with TDR programs, whereby a municipality funds a revolving fund-supported land
development bank which purchases development rights from vulnerable and high priority properties in
Sending Zones. It later sells these development rights (Warwick Township in Lancaster County has
done this) to Receiving Zone developers.

Conservation Easements (Donation and Purchase): Br  andywine Conservancy, Natural Lands
Trust, Western Pennsylvania Conservancy, Others

Similar to TDR, the concept of Conservation Easements hinges on the notion that development rights
for any particular property can be defined and separated from a property. These development rights
can then be donated to an acceptable organization to support the public’s health, safety and welfare, in
the form of a conservation easement which restricts the owner’s ability to develop the property in
perpetuity, regardless of municipal zoning. Historically, a major incentive for these conservation
easement donations has been the major tax benefits afforded such donations. Organizations such as
the Brandywine Conservancy, Natural Lands Trust, the Western Pennsylvania conservancy and many
others have protected thousands of acres of otherwise developable property in Pennsylvania through
privately donated conservation easements, with absolutely no public expenditure of funds.
Brandywine’s 30,000 acres of conservation easements in the Brandywine Creek Watershed is an
excellent case in point. Municipalities such as West Marlborough Township in Chester County have
large portions of their jurisdictions permanently conserved as the result of this Conservation Easement
program. Conservation Easements also can be purchased by a conservation organization or
government agency. National organizations such as the Nature Conservancy, the Trust for Public
Land, the Land Trust Alliance, and others are active in Pennsylvania and are excellent sources of
technical information relating to this smart growth technique. In parts of Pennsylvania, these larger
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organizations are helping fledgling local land trusts form and begin their important work of land
conservation.

Bargain Sale/Limited Development Options:

A variation on the donation of development rights through conservation easements is a “bargain sale,”
where a portion of the development rights value is donated (in the manner described above) but the
property owner still enjoys a return on his/her property. In any number of development-pressured
municipalities in Pennsylvania, fair market value for a large 100-acre farm to be developed as single-
family residences or some other use may reach 2 or 3 million dollars. The owner, beyond tax benefits,
may need a monetary settlement, though not in the order of 2 to 3 million dollars. In such cases, a
defined “bargain sale” might be arranged if a source of funds can be located to provide a partial
financial settlement for the owner. The owner benefits from an approved donation of the remainder of
the value that can reduce the owner’s tax bill. The property is conserved.

A further variation would be a limited development option wherein a substantially reduced development
program is developed which conserves much if not most of the property in question. An existing
farmstead or homestead is retained and the property owner may even retain this farmstead/homestead.
A much smaller number of lots surrounded by open space is carefully created; these lots typically
command a considerably higher value than would be the case for a conventional subdivision. A large
amount of open space is created and protected through a conservation easement, which may be
donated as well, providing further tax benefit. The outcome is that the property owner, after taxes, may
be almost as well off after a Limited Development approach to the property than would be the case with
a complete conventional “as of right” approach to development. If the Limited Development concept
has been prepared carefully, total property disturbance can be substantially reduced.

Sustainable Watershed Management and Water-Based Zo  ning: Green Valleys Association and
the Brandywine Conservancy

Design Considerations:

Objectives for BMP 5.5.2 resemble BMP 5.5.1, although they must be understood as municipality-wide,
rather than just site-wide:

« Maximize open space, especially sensitive areas (primary and secondary) and areas of
special value.

* Maximize “sense of place” design qualities where growth is desirable.

< Balance infrastructure needs (sewer, water, roads, etc.) and use infrastructure to shape
desirable growth

BMP 5.5.2 relies on application of smart growth techniques. The specific optimal blend of these smart
growth techniques should respond to a variety of municipality characteristics and considerations. This
BMP discussion assumes that proper and effective work has been undertaken by the municipality to
determine the proper land uses and the proper densities/intensities of these land uses, municipality-
wide. The question is then: how can these uses — this future development - be best planned within the
municipality, achieving the best and most livable communities for the future, even as disruption to the
natural landscape is minimized?
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Detailed Stormwater Functions

Concentrating growth, as defined here, is self-reinforcing from a stormwater management perspective —
in terms of peak rate reduction, runoff volume reduction, and nonpoint source load reduction.
Concentrating growth reduces total impervious areas and is likely to link with other BMP’s in this
Section, including reduced imperviousness, reduced setbacks, reduced areas for drives and walkways,
etc. All of this directly translates into reduced volumes of stormwater being generated and reduced
peak rates of stormwater being generated, thereby benefiting stormwater planning. Additionally,
concentrating growth translates into reduced disturbance and increased preservation of the natural
landscape and natural vegetative land cover, which further translates into reduced stormwater runoff.
To the extent that this BMP also involves increased vertical development, net site roof area and
impervious area is reduced, holding number of units and amount of square footage of a use constant.
In all cases, density bonuses, if utilized in Receiving Zones, should be scrutinized to make sure that
additional density allowed is more than balanced by additional open space being provided, including
further reductions in street lengths, other impervious surfaces, other disturbed areas, and so forth. If
properly implemented, these smart growth techniques such as TDR and Growth Boundaries will almost
always translate into reduced total disturbed area and reduced total impervious area, even more
dramatically than non-structural techniques such as clustering.

Documentation of the positive water quality effects of area wide growth concentration, holding total
growth and development constant, is provided by the City of Olympia’s (Washington) Impervious
Surface Reduction Study: Final Report 1995. Holding population projected to 2015 constant, two
dramatically different scenarios of land development (a baseline pattern of low density unconcentrated
development reflecting recent development trends versus a concentrated pattern of increased density
development in and near existing developed areas) were defined. These were mapped (Figure 5.5-7)
and tested for a variety of stormwater-related impacts (total impervious area, total disturbed area,
stormwater generation, non-point source pollutant generation). The analysis results indicated that the
concentrated development scenario significantly reduced total impervious area. This was due to
significant reductions in impervious
surfaces being created in outlying rural
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surfaces already created in areas of
existing development. Other studies
focusing on concentrated growth
patterns have similarly confirmed
these relationships and further
documented a reduction in total
disturbed areas created, stormwater
being generated, and total non-point
source pollutant loads being
generated.

As stated above in BMP 5.5.1, water
quality issues include all the non-point
source pollutant load from impervious
areas, a well as all the pollutant load from the newly created maintained landscape (i.e., lawns and
other), much of which is soluble in form (especially fertilizer-linked nitrogen forms). Concentrating
growth as defined in BMP 5.5.2, and combined with other Chapter 5 Non-Structural BMP’s, minimizes
impervious areas and the pollutant loads related to these impervious areas. After Chapter 5 BMP’s are
optimized, “unavoidable” stormwater is then directed into BMP’s as set forth in Chapter 6, to be

Figure 5.5.-7 Dispersed versus Concentrated Development at the Regional
(Source: “Impervious Surface Reduction Study”, City of Olympia, 1995)
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properly treated. Similarly, for all that non-point source pollutant load generated from the newly-created
maintained landscape and combined with other Chapter 5 Non-Structural BMP’s, minimizes pervious
areas and the pollutant loads related to these pervious areas, thereby reducing the opportunity for
fertilization and other chemical application. Prevention of water quality degradation accomplished
through Non-Structural BMP’s in Chapter 5 is especially important because Chapter 6 Structural BMP’s
remain poor performers in terms of mitigating/removing soluble pollutants that are especially
problematic in terms of this pervious maintained landscape. See Appendix A for additional
documentation of the water quality benefits of clustering.

See Chapter 8 for additional volume reduction calculation work sheets, additional peak rate reduction
calculation work sheets, and additional water quality mitigation work sheets.

Construction Sequence

Application of this BMP must be undertaken by the municipality and must precede the start of any
individual site planning and development process. In most cases, the municipality must take action in
its comprehensive plan and then in its zoning and SLDO to incorporate the optimal blend of these smart
growth techniques in their respective municipal planning and growth management program (the
proactive municipality may act further to program for use of conservation easements, creation of a local
land trust, and the like). At the same time, the site owner/builder/developer may elect to embrace
options set forth in BMP 5.5.2 Concentrate Uses Area wide from the start of the process. Use of
conservation easement donation, bargain sale or limited development all require careful consideration
by the site owner/builder/developer from the beginning of the site development process.

Maintenance Issues

Very few maintenance problems or issues are generated by BMP 5.5.2. Because most of these smart
growth techniques are preventive in nature and in fact translate into maximum retention of undisturbed
open space and the natural features contained within this open space, typically in private ownership,
specific maintenance requirements as defined in a conventional manner are extremely limited, if not
nonexistent.

Cost Issues

According to Delaware’s recent Conservation Design for Stormwater Management: A Design Approach
to Reduce Stormwater Impacts from Land Development, application of the municipality-wide or
areawide smart growth techniques will require some additional costs. Application of an optional TDR
program or Growth Boundary program could cost a municipality in technical planning fees, including
incorporation into the comprehensive plan and zoning ordinance (other costs may be required as well).
Although it is hard to specifically document, a program of structural BMP’s which mitigate adverse
impacts of land development and achieve the same level of water resource (quantity and quality)
performance throughout the municipality and its respective watershed areas becomes much more
difficult to achieve, and much more expensive when all development and all lots are tallied. Prevention
is simply much more cost effective.

Furthermore, BMP 5.5.2's preventive smart growth techniques, when fully applied, achieve a level of
performance that exceed even the best structural BMP’s. This clearly demonstrates why non-structural
BMP’s are important for all Pennsylvania watersheds, but especially important for Special Protection
Waters where High Quality and Exceptional Value designations call for extremely high levels of water
resource protection. In these cases, significant amounts of development watershed-wide, even
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assuming use of Chapter 6 structural BMP’s, may fail to provide the water resource protection which is
needed to sustain special Protection Waters’ values over the long-term.

Specifications
BMP 5.5.2 is not a new concept and has been defined, discussed, and evaluated in many different

texts, reports, references, sources, as set forth below. More specifications for clustering can be found
in references that are included in above discussions.
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5.6 Minimize Disturbance and Minimize Maintenance
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BMP 5.6.1: Minimize Total Disturbed Area - Grading

Without changing the building program, you can i@site grading, removal
of existing vegetation (clearing and grubbing) &wtdl soil disturbance. This
eliminates the need for re-establishment of a n@mtained landscape for
the site and lot-by-lot, by modifying the proposedd system and other
relevant infrastructure as well as the buildingatian and elevations to better
fit the existing topography.

Key Design Elements

Potential Applications

Residential: Yes
Commercial: Yes
Ultra Urban: Limited

Industrial: Yes
Retrofit: Limited
Highway/Road: Limited

* Identify and avoid special value and environmentally sensitive
areas

Stormwater Functions

* Minimize overall disturbance at the site

* Minimize disturbance at the individual lot level Volume Reduction: High

Recharge: High
Peak Rate Control: High
* Minimize construction-traffic locations Water Quality: High

* Maximize soil restoration to restore permabilities

* Minimize stockpiling and storage areas

Water Quality Functions

TSS: 40%
TP: 0%
NO3: 0%
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Description

This Non-Structural BMP assumes that the special value and sensitive resource areas have been
identified on a given development parcel and have been protected, and that clustering and area wide
concentration of uses also have been considered and included in the site design. All of these BMPs
serve to reduce site grading and to minimize disturbance/minimize maintenance. This BMP specifically
focuses on how to minimize the grading and overall site disturbance required to build the desired
program while maximizing conservation of existing site vegetation.

Reduction of site disturbance by grading can be accomplished in several ways. The requirements of
grading for roadway alignment (curvature) and roadway slope (grade) frequently increase site
disturbance throughout a land development site and on individual lots. Most land development plans
are formulated in 2-dimensional plan, based on the potential zoned density, and seldom consider the
constraints presented by topographic variation (slope) on the site. The layout and design of internal
roadways on a land development site with significant topographic variation (slope) can result in
extensive earthwork and vegetation removal (i.e., grading). Far less grading and a far less disruptive
site design can be accomplished if the site design is made to better conform with the existing
topography and land surface, where road alignments strive to follow existing contours as much as
possible, varying the grade and alignment criteria as necessary to comply with safety limits.

Site design criteria have evolved in municipalities to make sure that developments meet safety
standards (sight distance, winter icing, and so forth) as well as certain quality or appearance standards.
A common perception among municipal officials is that little deviation should be allowed in order to
maintain the integrity of the community. In fact, roadway design criteria should be made flexible in
order to better fit a given parcel and achieve a more “fluid” roadway alignment. The avoidance of
sensitive site features, such as important woodlands,
may be facilitated through flexible roadway layout.
Additionally, rigorous parcel criteria (front footage,
property setbacks, etc.) often add to this “plane
geometry” burden. Although the rectilinear grid layout
is the most efficient in terms of maximizing the number
of potential lots created at a development site, the end
result is a “cookie cutter” pattern normally found in
residential sites and the “strip” development found in
most highway commercial districts, all of which are apt
to translate into significant resource loss.

From the perspective of a single lot, the municipally- W Minimized
required conventional lot layout geometry can also
impose added earthwork and grading that could be
avoided. Lot frontage criteria, yard criteria, and driveway criteria force the placement of a structure in
the center of every lot, often pushed well back from the roadway. Substantial terracing of the lot with
added grading and vegetation removal is required in many cases. Although the intent of these
municipal requirements is to provide privacy and spacing between units, the end result is often totally
cleared, totally graded lots, which can be visually monotonous. Configuring lots in a rectilinear shape
may optimize the number of units but municipalities should require that the site design in total should be
made to fit the land as much as possible.

Municipal criteria that impose road geometry are usually contained within the subdivision and land

development ordinance (SALDO), while densities, lot and yard setbacks, and minimum frontages are
usually contained in the zoning ordinance. Variations in these land development standards should be
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accepted by the local government where appropriate, which should modify their respective ordinances.
Municipalities should consider being more flexible without compromising public safety in terms of:

« Road vertical alignment criteria (maximum
grade or slope).

« Road horizontal alignment criteria (maximum
curvature)

« Road frontage criteria (lot dimensions)

» Building setback criteria (yards dimensions)

Related Non-Structural BMPs, such as road width
dimensions, parking ratios, impervious surface
reduction, chemical maintenance of newly created
landscapes, and others are discussed as separate
BMPs in this Chapter, though are all substantially
interrelated.

. ) Figure 5.6-2 Minimally Disturbed Development
Detailed Stormwater Functions g y P

Volume Reduction Calculations: Minimizing Total Disturbed Area can reduce the volume of
runoff in several ways. Reducing disturbance and maintaining a natural cover can significantly
reduce the anticipated volume of runoff through increased infiltration and increased
evapotranspiration. This practice will be self-crediting in site stormwater calculations through lower
runoff coefficients and/or higher infiltration rates. Minimizing Total Disturbed Area can reduce
anticipated runoff volumes because undisturbed areas of existing vegetation allow more infiltration
to occur, especially during smaller storm events. Furthermore, employing strategies that direct non-
erosive sheet flow onto naturally vegetated areas can allow considerable infiltration to occur and
can be coupled with level spreading devices (see Chapter 6) and possibly other BMPs to more
actively manage stormwater that cannot be avoided. In other words, Minimizing Total Disturbed
Area/Maintained Area through Reduced Site Grading (Designing with the Land) not only prevents
increased stormwater generation (a volume and peak issue), but also offers an opportunity for
managing stormwater generation that cannot be avoided. See Chapter 8 for volume reduction
calculation methodologies.

Peak Rate Mitigation Calculations:  Minimizing Total Disturbed Area/Maintained Area through
Reduced Site Grading (Designing with the Land) can reduce the peak rate of runoff in several ways.
Reducing disturbance and maintaining a natural cover can significantly reduce the runoff rate. This
will be self-crediting in site stormwater calculations through lower runoff coefficients, higher
infiltration rates, and longer times of travel. Minimizing Total Disturbed Area/Maintained Area
through Reduced Site Grading (Designing with the Land) can lower discharge rates significantly by
slowing runoff and increasing on-site storage.

Water Quality Improvement:  Minimizing Total Disturbed Area can improve water quality
preventively by reducing construction phase sediment-laden runoff. Water quality benefits also by
maximizing preservation of existing vegetation at a site (e.g., meadow, woodlands) where post-
construction maintenance including application of fertilizers and pesticides/herbicides is avoided.
Given the high rates of chemical application which have been documented at newly created
maintained areas for both residential and non-residential land uses, eliminating the opportunity for
chemical application is important for water quality — perhaps the most effective management
technique. In terms of water quality mitigative functions, Minimizing Total Disturbed Area provides
filtration and infiltration opportunities, assuming that undisturbed areas are being used to manage
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stormwater generated elsewhere on the development site, as well as thermal mitigation. See
Chapter 8 for Water Quality Improvement methodologies.

Design Considerations
During the initial conceptual design phase of a land development project, the applicant’s design
engineer should provide the following information, ideally through development of a Minimum

Disturbance/Minimum Maintenance Plan:

1. ldentify and Avoid Special Value/Sensitive Areas (see BMP 5.4.1)

Figure 5.6-3 Woodlands Protected through Minimum Disturbance Practices

Delineate and avoid environmentally sensitive areas (e.g., Primary and Secondary Conservation
areas, as defined in BMP 5.4.1); delineation of Woodlands, broadly defined to include areas of
immature and mixed tree growth, is especially important; configure the development program on the
balance of the parcel (i.e., Development Areas as discussed in BMP 5.4.1).

2. Minimize Disturbance at Site
Modify road alignments (grades, curvatures, etc.), lots, and building locations to minimize grading,
earthwork, overall site disturbance, as necessary to maintain safety standards. Minimal disturbance
design shall allow the layout to best fit the land form without significant earthwork. The limit of
grading and disturbance should be designated on the plan documentation submitted to the
municipality for review/approval, and should be physically designated at the site during construction
by flagging, fencing, or other methods.

3. Minimize Disturbance at Lot
Limit lot grading to roadways and building footprints. Municipalities should establish Minimum
Disturbance/Minimum Maintenance Buffers, designed to be rigorous but reasonable in terms of
current feasible site construction practices. These standards may need to vary with the type of
development being proposed and the context of that development (the required disturbance zone
around a low density single-family home can be expected to be less than disturbance necessary for
a large commercial structure), given the necessity for use of different types of construction
equipment and the realities of different site conditions. For example, the U.S. Green Building
Council's Leadership in Energy & Environmental Design Reference Guide (Version 2.0 June 2001)
specifies the following:
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“...limit site disturbance including earthwork and clearing of vegetation to 40 feet beyond
the building perimeter, 5 feet beyond the primary roadway curbs, walkways, and main utility
branch trenches, and 25 feet beyond pervious paving areas that require additional staging
areas in order to limit compaction in the paved area...”

Municipalities in New Jersey’s Pinelands Preservation Zone for years have supported ordinances
where limits are more restrictive than the LEED footages (e.g., clearing around single-family homes
is reduced to 25 feet). Again, such requirements can be made to be flexible with special site factors
and conditions. The limit of grading and disturbance should be designated on the plan
documentation submitted to the municipality for review/approval, and should be physically
designated at the lot during construction by flagging, fencing or other marking techniques.

i b Tty b G

Conventional
1 Acre Lot Low Impact 1 Acra

Davelopmeant Lol

Figure 5.6-4 Convential Development Versus Low Impact Development

4. Maximize Soil Restoration
Where construction activity does require grading and filling and where compaction of soil can be
expected, this disturbance should be limited. Soil treatments/amendments should be considered
for such disturbed areas to restore permeability. If the bulk density is not reduced following fill,
these areas will be considered semi-impervious after development and runoff volumes calculated
accordingly.

5. Minimize Construction Traffic Areas
Areas where temporary construction traffic is allowed should be clearly delineated and limited.
These areas should be restored as pervious areas following development through a required soll
restoration program.
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6. Minimize Stockpiling and Storage Areas
All areas used for materials storage during construction should be clearly delineated with the
surface maintained, and subject to a soil restoration program following development. For low-
density developments, the common practice of topsoil stripping might be unnecessary and should
be minimized, if not avoided.

Construction Issues

Most of the measures discussed above are part of the initial concept site plan and site design process.
Only those measures that restore disturbed site soils are related to the construction and post-
construction phase, and may be considered as avoidance of impacts.

Cost Issues

Cost avoidance as a result of reduced grading and earthwork should benefit the developer. This BMP
is considered to be self-crediting, given the benefits resulting from reduced costs. Cost issues include
reduced grading and related earthwork (see Site Clearing and Strip Topsoil and Stockpile below), as
well as reduced costs involved with site preparation, fine grading, and stabilization.

Calculation of reduced costs is difficult due to the extreme variation in site factors that will affect costs
(amount of grading, cutting/filling, haul distances for required trucking, and so forth). Some relevant
costs factors are as follows (as based on R.S. Means, Site Work & Landscape Cost Data, 2002):

Site Clearing

Cut & chip light trees to 6” diameter $2,900/acre
Grub stumps and remove $1,400/acre
Cut & chip light trees to 24” diameter $9,700/acre
Grub stumps and remove $5,600/acre

Strip Topsoil and Stockpile

Ranges from $0.52 to $1.78 / cy because of Dozer horse power, and ranges from ideal to
adverse conditions

Assuming 8” of topsoil, the price per sq. yd. is $0.12 — $0.40

Assuming 8” of topsaoil, the price per acre is $560 — $1,936

Site Preparation, Fine Grading, Seeding
Fine grading w/ seeding $2.33 /sq. yd.
Fine grading w/ seeding $11,277 /acre
In sum, total costs appear to approximate $20,000 per acre and could certainly exceed that figure in

more challenging sites. Reducing graded and disturbed acreage clearly translates into substantial cost
reductions.

Stormwater Management Calculations

No calculations are applicable for this BMP.
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Specifications

The modification of road geometry is a site-specific issue, but in general any criteria that will result in
significant earthwork should be reconsidered and evaluated.
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BMP 5.6.2: Minimize Soil Compaction in Disturbed Ar  eas

Minimizing Soil Compaction and Ensuring Topsoil Quais the
practice of enhancing, protecting, and minimizingmage to soil
quality caused by land development.

Image Source: “Developing an Effective Soil Management Strategy: Healthy Soil Is At the Root
Of Everything”, Ocean County Soil Conservation District

Key Design Elements Potential Applications

Residential: Yes
Commercial: Yes
Ultra Urban: Yes
Industrial: Yes
Retrofit: Yes

* Protecting disturbed soils areas from excessive compaction Highway/Road: Yes

during construction
* Minimizing large cleared areas and stockpiling of topsaoll

* Using quality topsoil Stormwater Functions

* Maintaining soil quality after construction

* Reducing the Site Disturbance Area through design and ) )
Volume Reduction: Very High

construction practices Recharge: Very High
+ Soil Restoration for areas that are not adequately protected or Peak Rate Control: High
have been degraded by previous activities (Section 6) Water Quality: Very High

Water Quality Functions

TSS: 30%
TP: 0%
NO3: 0%
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Description:

Soil is a physical matrix of weathered rock particles and organic matter that supports a complex
biological community. This matrix has developed over a long time period and varies greatly within the
state. Healthy soils, which have not been compacted, perform numerous valuable stormwater
functions, including:

« Effectively cycling nutrients

e Minimizing runoff and erosion

* Maximizing water-holding capacity

* Reducing storm runoff surges

e Adsorbing and filtering excess nutrients, sediments, pollutants to protect surface and
groundwater

» Providing a healthy root environment and creating habitat for microbes, plants, and animals

» Reducing the resources needed to care for turf and landscape plantings

Once natural soils are overly compacted and permeability is drastically reduced, these functions are
lost and can never be completely restored (Hanks and Lewandowski, 2003). In fact, the runoff
response of vegetated areas with highly compacted soils closely resembles that of impervious areas,
especially during large storm events (Schueler, undated). Therefore this BMP is intended to prevent
compaction or minimize the degree and extent of compaction in areas that are to be “pervious”
following development.

Although erosion and sediment control practices are equally important to protect soil, this BMP differs
from them in that it is intended to reduce the area of soil that experiences excessive compaction during
construction activities.

Applications
This BMP can be applied to any land development that has existing areas of relatively healthy soil and

proposed “pervious” areas. If existing soils have already been excessively compacted, Soil Restoration
is applicable (Chapter 6).

Figure 5.7-1 Example of development with site compaction of soils
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Design Considerations

Early in the design phase of a project, the designer should develop a soil management plan based on
soil types and existing level of disturbance (if any), how runoff will flow off existing and proposed
impervious areas, areas of trees and natural vegetation that can be preserved, and tests indicating soil
depth and quality. The plan should clearly show the following:

1. Protected Areas. Soil and vegetation disturbance is not allowed. Protection of healthy, natural
soils is the most effective strategy for preserving soil functions. Not only can the functions be
maintained but protected soil organisms are also available to colonize neighboring disturbed
areas after construction.

2. Minimal Disturbance Areas. Limited construction disturbance occurs - soil amendments may
be necessary for such areas to be considered fully pervious after development. Areas to be
vegetated after development should be designated Minimal Disturbance Areas.

3. Construction Traffic Areas.  Areas where construction traffic is allowed - if these areas are to
be considered fully pervious following development, a program of Soil Restoration will be
required.

4. Topsoil Stockpiling and Storage Areas. These areas should be protected and maintained and
are subject to Soil Restoration (including compost and other amendments) following
development.

5. Topsoil Quality and Placement.  Soil tests are recommended. Topsoil applied to disturbed
areas should meet certain parameters as shown in Appendix C. Adequate depth (4” minimum
for turf, more for other vegetation), organic content (5% minimum), and reduced compaction
(1400 kPa maximum) are especially important (Hanks and Lewandowski, 2001). To allow water
to pass from one layer to the other, topsoil must be “bonded” to the subsoil when it is reapplied
to disturbed areas.

Figure 5.7-2 Example of site development with extreme soil compactiozeprsiipe

The first two areas (Protected and Minimal Disturbance) should be made as large as possible, identified
by signage, and fenced off from construction traffic. Construction Traffic Areas should be as small as
practicable.

363-0300-002 / December 30, 2006 Page 59 of 98



Detailed Stormwater Functions
Volume Reduction Calculations

Minimizing Soil Compaction and Ensuring Topsoil Quality can reduce the volume of runoff by
maintaining soil functions related to stormwater and thereby increasing infiltration and
evapotranspiration. This can be credited in site stormwater calculations through lower runoff
coefficients and/or higher infiltration rates. See Chapter 8 for volume reduction calculation
methodologies.

Peak Rate Mitigation Calculations

Minimizing Soil Compaction and Ensuring Topsoil Quality can reduce the rate of runoff by
maintaining soil functions related to stormwater. This can be credited in site stormwater
calculations through lower runoff coefficients, higher infiltration rates, and/or longer times of travel.
See Chapter 8 for peak rate calculation methodologies.

Water Quality Improvement

Minimizing Soil Compaction and Ensuring Topsoil Quality can improve water quality through
infiltration, filtration, chemical and biological processes in the soil, and a reduced need for fertilizers
and pesticides after development. See Chapter 8 for Water Quality Improvement methodologies.

Construction Issues

1. At the start of construction, Protected and Minimal Disturbance Areas must be identified with
signage and fenced as shown on the construction drawings.

2. Protected and Minimal Disturbance Areas should be strictly enforced.

3. Protected and Minimal Disturbance Areas should be protected from excessive sediment and
stormwater loads while upgradient areas remain in a disturbed state.

4. Topsoil storage areas should be maintained and protected at all times. When topsoil is
reapplied to disturbed areas it must be “bonded” with the subsoil. This can be done by
spreading a thin layer of topsoil (2 to 3 inches), tilling it into the subsoil, and then applying the
remaining topsoil. Topsoil must meet certain requirements as detailed in Appendix C.

Maintenance Issues

Sites that have minimized soil compaction properly during the development process should require
considerably less maintenance than sites that have not. Landscape vegetation will likely be healthier,
have a higher survival rate, require less irrigation and fertilizer, and even look better.

Some maintenance activities such as frequent lawn mowing can cause considerable soil compaction
after construction and should be avoided whenever possible. Planting low-maintenance native
vegetation is the best way to avoid damage due to maintenance.

Protected Areas on private property could have an easement, deed restriction, or other legal measure
to prevent future disturbance or neglect.
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Cost Issues

Minimizing Soil Compaction and Ensuring Topsoil Quality generally results in a significant construction
cost savings. Minimizing soil compaction can reduce disturbance, clearing, earthwork, the need for Soil
Restoration, and the size and extent of costly, engineered stormwater management systems. Ensuring
topsoil quality can significantly reduce the cost of landscaping vegetation (higher survival rate, less
replanting) and landscaping maintenance.

Design costs may increase slightly due to a more thoughtful, site-specific design.

Specifications

Soil Restoration specifications can be found in Chapter 6.

References

Hanks, D. and Lewandowski, A. Protecting Urban Soil Quality: Examples for Landscape Codes and
Specifications. USDA-NRCS, 2003.

Ocean County Soil Conservation District. Impact of Soil Disturbance during Construction on Bulk
Density and Infiltration in Ocean County, New Jersey. 2001. Available at
http://www.ocscd.org/publications.shtml as of May 2004.

Schueler, T. “The Compaction of Urban Soils,” TachhNote #107 fromWatershed Protection
Techniques 3(2): 661-665, undated.
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BMP 5.6.3: Re-Vegetate and Re-Forest Disturbed Area s, Using
Native Species

Sites that require landscaping and re-vegetation
should select and use vegetation (i.e., native
species) that does not require significant
chemical maintenance by fertilizers,

herbicides, and pesticides.

Image: Rose Mallow, Bowman's Hill Wildflower Preserve,
www.bhwp.org

Key Design Elements

Potential Applications

Residential: Yes
Commercial: Yes
Ultra Urban: Limited

Industrial: Yes
Retrofit: Yes
Highway/Road: Limited

* Preserve all existing high quality plant materials and soil mantle
wherever possible

Stormwater Functions

* Protect these areas during construction

* Develop Landscape Plan using native species
Volume Reduction: Low/Med.

Recharge: Low/Med
* Reduce or eliminate chemical applications to the site, wherever Peak Rate Control: Low/Med.

possible Water Quality: Very High
* Reduce or eliminate fertilizer and chemical-based pest control
programs, wherever possible

* Reduce landscape maintenance, especially grass mowing

Water Quality Functions

TSS: 85%
TP: 85%
NO3: 50%
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Description of BMP

Minimum Disturbance/Minimum Maintenance is comprised of two distinct steps, neither of which
involves structural BMPs. The first step is to preserve existing vegetation on the development site as
defined in BMP 5.6.1, so as to minimize the need for landscaping and re-vegetation. This BMP
emphasizes the second step - the selection and use of vegetation that does not require significant
chemical maintenance by fertilizers, herbicides and pesticides. Implicit in this BMP is the assumption
that native species have the greatest tolerance and resistance to pests and require less fertilization and
chemical application than non-native species. Landscape architects specializing in the local plant
community usually are able to identify a variety of species that meet these criteria.

The production of biomass, such as grass clippings, is a significant pollutant source for water quality (if
this biomass is not removed, over time this biomass decays and is converted to additional nutrient
sources which add to the water quality problem). Native grasses and other herbaceous materials that
do not require mowing are preferred. Because the selection of such materials begins at the concept
design stage, where lawns are avoided or eliminated and landscaping species selected, this Non-
Structural BMP can generally result in a site with reduced runoff volume and rate, as well as significant
nonpoint source load reduction/prevention.

A native landscape may take several forms in Pennsylvania, ranging from re-establishment of
woodlands to re-establishment of meadow. It should be noted that as this native landscape grows and
matures, the positive stormwater benefits relating to volume control and peak rate control increase and
these landscapes become much more effective in reducing runoff volumes than maintained landscapes
such as lawns.

The elimination of traditional lawnscapes as a site design element can be an extremely difficult BMP to
implement, given the extent to which the traditional lawn as an essential landscape design feature is
embedded in current national culture.

Additional information relating to native species and their use in landscaping is available through
PADCNR and its website: http://www.dcnr.state.pa.us/forestry/wildplant/native.aspx

Detailed Stormwater Functions

Volume Reduction Calculations and Peak Rate Calculations are not affected substantially by this
BMP - at least in the short term. In the longer term, as species grow and mature, the runoff volume
production of more mature native species can reasonably be expected to be lower than a
conventionally maintained landscape (especially the conventionally mowed lawn). Native species are
customarily strong growers with stronger and denser root and stem systems, thereby generating less
runoff. If the objective is re-vegetation with woodland species, the longer-term effect is a significant
reduction in runoff volumes, with increases in infiltration, evapotranspiration, and recharge, when
contrasted with a conventional lawn planting. Peak rate reduction also is achieved. Similarly, meadow
re-establishment is also more beneficial than a conventional lawn planting, although not so much as the
woodland landscape. Again, these benefits are long term in nature and will not be forthcoming until the
species have had an opportunity to grow and mature (one advantage of the meadow is that this
maturation process requires considerably less time than a woodland area).

Water Quality Improvement

Minimizing Disturbance/Minimizing Maintenance through Use Native Species for Landscaping and Re-
Vegetation can improve water quality preventively by minimizing application of fertilizers and
pesticides/herbicides. Given the high rates of chemical application which have been documented at
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newly created maintained areas for both residential and non-residential land uses, eliminating the
opportunity for chemical application is important for water quality — perhaps the most effective
management technique. Of special importance here is the reduction in fertilization and nitrate loadings.
For example, Delaware’s Conservation Design for Stormwater Management lists multiple studies,
which document high fertilizer application rates, including both nitrogen and phosphorus, in newly
created landscapes in residential and non-residential land developments. Expansive lawn areas in low
density single-family residential subdivisions as well as large office parks — development which has and
continues to proliferate in Pennsylvania municipalities - typically receives intensive chemical
application, both fertilization and pest control, which can exceed application rates being applied to
agricultural fields. Avoidance of this nonpoint pollutant source is an important water quality objective.
See Chapter 8 for Water Quality Improvement methodologies.

Design Considerations

Native species is a broad term. Different types of native species landscapes may be created, from
meadow to woodland areas, obviously requiring different approaches to planting. In terms of woodland
areas, Delaware’s Conservation Design for Stormwater Management states, “...a mixture of young
trees and shrubs is recommended.... Tree seedlings from 12 to 18 inches in height can be used, with
shrubs at 18 to 24 inches. Once a ground cover crop is established (to offset the need for mowing),
trees and shrubs should be planted on 8-foot centers, with a total of approximately 430 trees per acre.
Trees should be planted with tree shelters to avoid browse damage in areas with high deer populations,
and to encourage more rapid growth.” (p.3-50). As tree species grow larger, both shrubs and ground
covers recede and yield to the more dominant tree species. The native tree species mix of small
inexpensive saplings should be picked for variety and should reflect the local forest communities.
Annual mowing to control invasives may be necessary, although the quick establishment of a strong-
growing ground cover can be effective in providing invasive control. Native meadow planting mixes
also are available. A variety of site design factors may influence the type of vegetative community,
which is to be planned and implemented. In so many cases, the “natural” vegetation of Pennsylvania’s
communities is, of course, woodland.

Native species plantings can achieve variation in landscape across a variety of characteristics, such as
texture, color, and habitat potential. Properly selected mixes of flowering meadow species can provide
seasonal color; native grasses offer seasonal variation in texture. Seed production provides a food
source and reinforces habitat. In all cases, selection of native species should strive to achieve species
variety and balance, avoiding creation of single-species or limited species “monocultures” which pose
multiple problems. In sum, many different aspects of native species planting reinforce the value of
native landscaping, typically increasing in their functional value as species grow and mature over time.

Maintenance Issues

Although many conventional landscape management requirements are made unnecessary with this
BMP, Using Native Species for Landscaping and Re-Vegetation can be expected to require some level
of management — especially in the short term immediately following installation. Woodland areas
planted with a proper cover crop can be expected to require annual mowing in order to control
invasives. Application of a carefully selected herbicide around the protective tree shelters/tubes may
be necessary, reinforced by selective cutting/manual removal, if necessary. This initial maintenance
routine is necessary for the first 2 to 3 years of growth and may be necessary for up to 5 years until tree
growth and tree canopy begins to form, naturally inhibiting weed growth. Once shading is adequate,
growth of invasives and other weeds will be naturally prevented, and the woodland becomes self-
maintaining. Review of the new woodland should be undertaken intermittently to determine if
replacement trees should be provided (some modest rate of planting failure is typical). Meadow
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management is somewhat more straightforward; a seasonal mowing may be required, although care
must be taken to make sure that any management is coordinated with essential reseeding and other
important aspects of meadow re-establishment.

Construction Issues

During the initial conceptual design phase of a project, the design engineer should develop a Minimum
Disturbance/Minimum Maintenance concept plan that includes the following:

« Areas of Existing Vegetation Being Preserved

» Areas to Be Re-Vegetated/Landscaped by Type (i.e., Native Species Woodland, Meadow, etc.
plus Non-Native Conventional Areas)

« A landscape maintenance plan that avoids/minimizes mowing and other maintenance, except
for limited areas of high visibility, special needs, etc.; specific landscape areas not to receive
fertilization and other chemical applications should be identified in plan documentation

This information needs to appear on the plan drawings and receive municipal review and approval.
Existing Vegetation Being Preserved must be flagged or fenced in the field. In terms of specific
construction sequencing, all plantings including native species should be installed during the final
construction phase of the project. Because native species plantings are likely to have a less “finished”
appearance than conventionally landscaped areas, additional field identification for these areas through
flagging or fencing similar to Existing Vegetation Being Preserved should be considered.

Cost Issues

BMP 5.6.3 cost implications are minimal during construction. Seeding for installation of a conventional
lawn is likely to be less expensive than planting of a “cover” of native species, although when
contrasted with a non-lawn landscape, “natives” often are not more costly than other non-native
landscape species. In terms of woodland creation, somewhat dated (1997) costs have been provided
by the Chesapeake Bay Riparian Handbook: A Guide for Establishing and Maintaining Riparian Forest
Buffers:

$860/acre trees with installation
$1,600/acre tree shelters/tubes and stakes
$300/acre for four waterings on average

Current values may be considerably higher, well over $3,000/acre for installation costs. Costs for
meadow re-establishment are lower than those for woodland, in part due to the elimination of the need
for shelters/tubes. Again, such costs can be expected to be greater than installation of conventional
lawn (seeding and mulching), although the installation cost differences diminish when conventional
lawn seeding is redefined in terms of conventional planting beds.

Cost differentials grow greater when longer term operating and maintenance costs are taken into
consideration. If lawn mowing can be eliminated, or even reduced significantly to a once per year
requirement, substantial maintenance cost savings result, often in excess of $1,500 per acre per year.
If chemical application (fertilization, pesticides, etc.) can be eliminated, substantial additional savings
result with use of native species. These reductions in annual maintenance costs resulting from a native
landscape re-establishment very quickly outweigh any increased installation costs that are required at
project initiation. Unfortunately, because developers pay for the installation costs and longer term
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reduced maintenance costs are enjoyed by future owners, there is reluctance to embrace native
landscaping concepts.

Stormwater Management Calculations

See Chapter 8 for calculations.

References

Bowman’s Hill Wildflower Preserve, Washington Crossing Historic Park, PO Box 685, New Hope, PA
18938-0685, Tel (215) 862-2924, Fax (215) 862-1846, Native plant reserve, plant sales, native
seed, educational programs, www.bhwp.org

Morris Arboretum of the University of Pennsylvania; 9414 Meadowbrook Avenue, Philadelphia, PA

19118, Tel (215) 247-5777, www.upenn.edu/morris, PA Flora Project Website: Arboretum and
gardens (some natives), educational programs, PA Flora Project, www.upenn.edu/paflora

Pennsylvania Department of Conservation and Natural Resources; Bureau of Forestry; PO Box 8552,
Harrisburg, PA 17105-8552, Tel (717)787-3444, Fax (717)783-5109, Invasive plant brochure; list of
native plant and seed suppliers in PA; list of rare, endangered, threatened species.

Pennsylvania Native Plant Society, 1001 East College Avenue, State College, PA 16801
www.pawildflower.org

Western Pennsylvania Conservancy; 209 Fourth AveRittssburgh, PA 15222, Tel (412) 288-2777,
Fax (412) 281-1792, www.paconserve.org
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5.7 Reduce Impervious Cover
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BMP 5.7.1: Reduce Street Imperviousness

Reduce impervious street areas by
minimizing street widths and lengths

Key Design Elements

Potential Applications

Residential: Yes
Commercial: Yes
Ultra Urban: Limited

Industrial: Yes
Retrofit: Limited
Highway/Road: Limited

Stormwater Functions

* Evaluate traffic volume and on-street parking requirements.

* Consult with local fire code standards for access requirements.

N , ) Volume Reduction: Very High
* Minimize pavement by using alternative roadway layouts, Recharge: Very High

restricting on-street parking, minimizing cul-de-sac radii, and using Peak Rate Control: Very High
permeable pavers. Water Quality: Medium

Water Quality Functions

TSS: Preventive
TP: Preventive
NO3: Preventive
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Description

Reducing impervious street areas performs valuable stormwater functions, in contrast to conventional
or baseline development. Some of these functions are increasing infiltration, decreasing stormwater
runoff volume, increasing stormwater time of concentration, improving water quality by decreasing the
pollutant loading of streams, improving natural habitats by decreasing the deleterious effects of
stormwater runoff and decreasing the concentration and energy of stormwater. Imperviousness greatly
influences stormwater runoff volume and quality by facilitating the rapid transport of stormwater and
collecting pollutants from atmospheric deposition, automobile leaks, and additional sources. Increased
imperviousness alters an area’s hydrology, habitat structure, and water quality. Stream degradation has
been witnessed at impervious levels as low as 10-20% (Center for Watershed Protection, 1995).

Applications

Street Width

Streets comprise the largest single component of imperviousness in residential design. Universal
application of high-volume, high-speed traffic design criteria results in many communities requiring
excessively wide streets. Coupled with the perceived need to provide both on-street parking and
emergency vehicle access, the end result of these requirements is residential streets that may be 36
feet or greater in width (Center for Watershed Protection, 1998).

The American Society of Civil Engineers (ASCE) and the American Association of State Highway and
Transportation Officials (AASHTO) recommend that low traffic volume roads (less than 50 homes or
500 dalily trips) can be as narrow as 22 feet. PennDot Pub. 70 gives a range of 18-22 foot width for low
volume local roads. Some municipalities have reduced their lowest trafficable residential roads to 18
feet or less. Higher volume roads are recommended to be wider. Table 5.7-1 provides sample road
widths from different jurisdictions.

The desire for adequate emergency vehicle access, notably fire trucks, also leads to wider streets.
While it is perceived that very wide streets are required for fire trucks, some local fire codes permit
roadway widths as narrow as 18 feet (as shown in Table 5.7-2). Concerns also exist about other
vehicles and maintenance activities on narrow streets. School buses are typically nine feet wide from
mirror to mirror; Prince George’s and Montgomery Counties in Maryland require only a 12-foot driving
lane for buses (Center for Watershed Protection, 1998). Similarly, trash trucks require only a 10-Y% foot
driving lane, as they are a standard width of nine feet (Waste Management, 1997; BFI, 1997). In some
cases, road width for emergency vehicles may be added through use of permeable pavers for roadway
shoulders (see Figure 5.7-1).

Snow removal on narrower streets is readily accomplished with narrow, 8-foot snowplows. Restricting
parking to one side of the street allows accumulated snow to be piled on the other side. Safety
concerns are also cited as a justification for wider streets, but increased vehicle-pedestrian accidents
on narrower streets are not supported by research. The Federal Highway Administration states that
narrower streets reduce vehicle travel speeds, decreasing the incidence and severity of accidents.

Higher density developments require wider streets, but alternative layouts can minimize street widths.
For example, in instances where on-street parking is desired, impervious pavement is used for the
travel lanes and permeable pavers are placed on the road apron for the parking lanes. The width of
permeable pavers is often the width of a standard parking lane (six to eight feet). This design approach
minimizes impervious area while also providing an infiltration and recharge area for the impervious
roadway stormwater (Prince George's County, Maryland, 2002).
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Table 5.7-1: Narrow Residential Street Widths

Jurisdiction Residential Street Pavement Maximum Daily Traffic
Width (trips/day)

State of New Jersey 20 ft. (no parking) 0-3,500

28 ft. (parking on one side) 0-3,500
State of Delaware 12 ft. (alley)

21 ft. (parking on one side)
Howard County, Maryland 24 ft. (parking not regulated) 1,000
Charles County, Maryland 24 ft. (parking not regulated)
Morgantown, West Virginia 22 ft. (parking on one side)
Boulder, Colorado 20 ft. 150

20 ft. (no parking) 350-1,000

22 ft. (parking on one side) 350

26 ft. (parking on both sides) 350

26 ft. (parking on one side) 500-1,000
Bucks County, Pennsylvania 12 ft (alley)

16-18 ft. (no parking) 200

20-22 ft. (no parking) 200-1,000

26 ft. (parking on one side) 200

28 ft. (parking on one side) 200-1,000
(Cohen, 1997; Bucks County Planning Commission, 1980; Center for Watershed Protection, 1998)

Sidewalk
Parking strip

Bioretention area

Alternative paving
surfaces (pervious materials)

T

. . . . . . Courtesy Flerce County, WA
Figure 5.7-1 Reduced road width using adjacent pervious strips.
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Table 5.7-2 Fire Vehicle Street Requirements

Source Residential Street Width
U.S. Fire Administration 18-20 ft.
Baltimore County, Maryland Fire Department 16 ft. (no on-street parking)

24 ft. (on-street parking)

Virginia State Fire Marshall 18 ft. minimum

Prince George’s County, Maryland Department of 24 ft. (no parking)
Environmental Resources . .
30 ft. (parking on one side)

36 ft. (parking on both sides)

20 ft. (fire truck access)

Portland, Oregon Office of Transportation 18 ft. (parking on one side)

26 ft. (parking on both sides)

(Adapted from Center for Watershed Protection, 1998)

In residential neighborhoods, the perception of the need for large quantities of parking may lead
developers to provide on-street parking; residential land use will greatly influence the quantity needed.
Each on-street lane increases street impervious cover by 25%. Many communities require 2-2.5
parking spaces per residence. In single-lot neighborhoods, with both standard and reduced setbacks,
parking requirements can likely be met using private driveways and garages. In townhouse
communities, if on-street parking is required, providing one on-street space per residence is likely
sufficient. Urban settings will require the greatest use of on-street parking. However, continuous parking
lanes on both sides of the street, while common for all residential land uses, is often unnecessary.

When on-street parking is necessary, queuing lanes provide a parking system alternative that
minimizes imperviousness. Communities are using queuing lanes to narrow roads while also providing
two-way traffic access. In a queuing lane design, one traffic lane is used by moving traffic and the
parking lanes allow oncoming traffic to pull over and let opposite traffic pass (Center for Watershed
Protection, 1998). Figure 5.7-2 shows traditional and queuing lane designs.

Street Length

Numerous factors influence street length including clustering techniques (discussed in a separate
Chapter). As with street width, street length greatly impacts the overall imperviousness of a developed
site. While no one prescriptive technique exists for reducing street length, alternative street layouts
should be investigated for options to minimize impervious cover.

Cul-de-sacs

The use of cul-de-sacs introduces large areas of imperviousness into residential developments, with
some communities requiring the cul-de-sac radius to be as large as 50 to 60 feet. In most instances,
and in large radius cul-de-sac designs especially, the full area of the circle is neither necessary nor

utilized. When cul-de-sacs are necessary, two primary alternatives can reduce their imperviousness.
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Figure 5.9-2 Traditional Streets vs. Traffic Queuing (Portland, Oregon Qffideansportation, 1994)

The first alternative is to reduce the required radius of the cul-de-sac. Many jurisdictions have identified
required turnaround radii (shown in Table 5.7-3).

A second alternative is to incorporate a landscaped island into the center of the cul-de-sac. This design
approach provides the necessary turning radius, minimizes impervious cover, and provides an
aesthetic amenity to the community. In some instance, developments are placing bioretention cells
(discussed in Chapter 6) in the center of cul-de-sacs to not only reduce imperviousness, but also
provide a distributed method of treating stormwater runoff. Other cul-de-sac configurations have been
developed which reduce impervious area.

Cost Issues
Street Width

Costs for paving have been estimated to be approximately $15/yd? (Center for Watershed Protection,
1998). At this cost, for each one-foot reduction in street width, estimated savings are $1.67 per linear
foot of paved street. For example reducing the width of a 500-foot road by 5 feet would result in a
savings of over $4,100. This cost is exclusive of other construction costs including grading and
infrastructure.
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Street Length

In addition to pavement, costs for street lengths, including traditional curb and gutter and stormwater
management controls, are approximately $150 per linear foot of road (Center for Watershed Protection,
1998). Decreasing road length by 100 feet can produce a savings of $15,000. Simply factoring in
pavement costs at $15/yd?, a 100-foot length reduction in a 25-foot wide road would produce a savings
in excess of $4,000.

Table 5.7-3: Example Cul-de-sac Turnaround Radii

Source Residential Street Width
Portland, Oregon Office of Transportation 35 ft. (with Fire Deaprtment Approval)
Buck County, Pennsylvania Planning Commission 38 ft. (outside turning radius)
Fairfax County, Virginia Fire and Rescue 45 ft.
Baltimore County, Maryland Fire Department 35 ft. (with Fire Deaprtment Approval)
Montgomery County, Maryland Fire Department 45 ft.

Prince George’s County, Maryland Fire Department (43 ft.

(Adapted from Center for Watershed Protection, 1998)

Figure 5.%3 Five Turnaround Options for the end of a Residential Street, (“BeteeD8&ign: A Handboc
for Changing Development Rules in Your Community”, Center for Watershed Rnotéetgust, 1998)
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BMP 5.7.2: Reduce Parking Imperviousness

Key Design Elements

Potential Applications

Residential: Yes

Commercial: Yes
Ultra Urban: Limited

Industrial: Yes
Retrofit: Limited
Highway/Road: Limited

* Evaluate parking requirements considering average demand as

well as peak demand. Stormwater Functions

* Consider the application of smaller parking stalls and/or compact

parking spaces. Volume Reduction: Very High

* Analyze parking lot layout to evaluate the applicability of Recharge: Very High
narrowed traffic lanes and slanted parking stalls. Peak Rate Control: Very High

* Where appropriate, minimize impervious parking area by utilizing Water Quality: High

overflow parking areas constructed of pervious paving materials.

Water Quality Functions

TSS: Preventive
TP: Preventive
NO3: Preventive
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Description

Reducing parking imperviousness performs valuable stormwater functions in contrast to conventional or
baseline development: Increasing infiltration; Decreasing stormwater runoff volume; Increasing
stormwater time of concentration; Improving water quality by decreasing the pollutant loading of
streams; Improving natural habitats by decreasing the deleterious effects of stormwater runoff;
Decreasing the concentration and energy of stormwater. Imperviousness greatly influences stormwater
runoff volume and quality by facilitating the rapid transport of stormwater and collecting pollutants from
atmospheric deposition, automobile leaks, and additional sources. Increased imperviousness alters an
area’s hydrology, habitat structure, and water quality. Stream degradation has been witnessed at
impervious levels as low as 10-20% (Center for Watershed Protection, 1995).

Applications

In commercial and industrial areas, parking lots comprise the largest percentage of impervious area.
Parking lot size is dictated by lot layout, stall geometry, and parking ratios. Modifying all or any of these
three aspects can serve to minimize the total impervious areas associated with parking lots.

Parking Ratios

Parking ratios express the specified parking requirements provided for a given land use. These
specified ratios are often set as minimum requirements. Many developers seeking to ensure adequate
parking provide parking in excess of the minimum parking ratios. Additionally, commercial parking is
often provided to meet the highest hourly demand of a given site, which may only occur a few times per
year. Excess parking is often rationalized by the desire to avoid potential complaints from patrons that
have difficulty finding parking. However, as shown in Table 5.7-4, average parking demand is generally
less than typical required parking ratios and therefore much less than parking provided in excess of
these ratios. The result of using typically specified parking ratios is parking capacity that is
underutilized.

Table 5.7-4 Example Minimum Parking Ratios

Land Use Parking Ratio Average Parking Demand
Single Family Home 2 spaces per dwelling unit 1.1 spaces per dwelling unit
Shopping Center 5 spaces per 1,000 ft* of GFA 3.97 spaces per 1,000 ft* of GFA
Convenience Store 3.3 spaces per 1,000 ft* of GFA Not available
Industrial 1 space per 1,000 ft* of GFA 1.48 spaces per 1,000 ft* of GFA
Medical/Dental Office |57 spaces per 1,000 ft* of GFA 4.11 spaces per 1,000 ft* of GFA

GFA — gross floor area, excluding storage and utility space
(Institute of Transportation Engineers, 1987; Smith, 1984; Wells, 1994)

In residential neighborhoods, the perception of the need for large quantities of parking may lead
developers to provide on-street parking; residential land use will greatly influence the quantity needed.
Each on-street lane increases street impervious cover by 25%. Many communities require 2-2.5
parking spaces per residence. In single-lot neighborhoods, with both standard and reduced setbacks,
parking requirements can likely be met using private driveways and garages. In townhouse
communities, if on-street parking is required, providing one on-street space per residence is likely
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sufficient. Urban settings will require the greatest use of on-street parking. However, continuous parking
lanes on both sides of the street, while common for all residential land uses, is often unnecessary.

When on-street parking is necessary, queuing lanes (discussed in BMP 5.7.1) provide a parking system
alternative that minimizes imperviousness.

Parking Spaces and Lot Layout

Parking spaces are comprised of five impervious components (Center for Watershed Protection, 1998):

The parking stall;

The overhang at the stall's edge;

A narrow curb or wheel stop;

The parking aisle that provides stall access; and

A share of the common impervious areas (e.g., fire lanes, traffic lanes).

arwbhpE

Of these, the parking space itself accounts for approximately 50% of the impervious area, with stall

sizes ranging from 160 to 190 ft2. Several measures can be taken to limit parking space size. First,
jurisdictions can review standard parking stall sizes to determine their appropriateness. A typical stall
dimension may be 10 ft by 18 ft, much larger than needed for many vehicles; while the largest SUVs
are wider, the great majority of SUVs and vehicles are less than 7 ft providing opportunity for making
stalls slightly narrower and shorter. In addition, typical parking lot layout includes parking aisles that
accommodate two-way traffic and perpendicularly oriented stalls. The use of one-way isles and angled
parking stalls can reduce impervious area.

Jurisdictions can also stipulate that parking lots designate a percentage of stalls as compact parking
spaces. Smaller cars comprise 40% or more of all vehicles and compact parking stalls create 30% less
impervious cover than average-sized stalls (Center for Watershed Protection, 1998). This is currently
an underutilized practice that has potential to reduce the total area of parking lots.
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Figure 5.7-4 (“Conservation Design for Stormwater Management”, DNREC, 1997)
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Parking Lot Design

Because of parking ratio requirements and the desire to accommodate peak parking demand, even
when it occurs only occasionally throughout the year, parking lots often provide parking capacity
substantially in excess of average parking needs. This results in vast quantities of unused impervious
surface.

A design alternative to this scenario is to provide designated overflow parking areas. The primary
parking area, sized to meet average demand, would still be constructed on impervious pavement to
meet local construction codes and American with Disabilities Act requirements. However, the overflow
parking area, designed to accommodate increased parking requirements associated with peak
demand, would be constructed on pervious materials (e.g., permeable pavers, grass pavers, gravel).
This design approach focused on average parking demand will still meet peak parking demand
requirements while reducing impervious pavement.

Figure 5.10-2 Overflow parking using permeable pavers

Cost Issues

Estimates for parking construction range from $1,200 to $1,500 dollars per space (Center for
Watershed Protection, 1998). For example, assuming a cost of $1,200 per parking space, reducing the
required parking ratio for a 20,000 ft? shopping center from 5 spaces per 1,000 ft? to 4 spaces per 1,000
ftz2 would represent a savings of $24,000.

Parking lots incorporating pervious overflow areas may not present cost savings, as permeable paving

products are generally more expensive than traditional asphalt. However, the additional costs may be
offset by reduced curb and gutter and stormwater management costs.
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Figure 5.7-5 Parking Stall Dimensions (Schueler, 1997)

References

Center for Watershed Protection, 1998
Center for Watershed Protection, 1995
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5.8 Disconnect/Distribute/Decentralize
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BMP 5.8.1: Rooftop Disconnection

Minimize stormwater volume by disconnecting
roof leaders and directing rooftop runoff to
vegetated areas to infiltrate.

Key Design Elements

Potential Applications

Residential: Yes
Commercial: Yes
Ultra Urban: Limited

Industrial; Limited
Retrofit: Limited
Highway/Road: Limited

+ Stormwater collection systems.

* Redirect rooftop overland flow to minimize rapid transport to Stormwater Functions
conveyance structures and impervious areas, such as ditches and

roadways.

- Direct runoff to vegetated areas designed to receive stormwater. Volume Reduction: High

Recharge: High
Peak Rate Control: High
Water Quality: Low

Water Quality Functions

TSS: 30%
TP: 0%
NO3: 0%
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Description

Traditionally, building codes have encouraged the rapid conveyance of rooftop runoff away from
building structures. It is not uncommon for municipal codes to specify minimum slopes which serve to
accelerate overland flow onto and across yards and lawns, directed ever more rapidly toward streets
and gutters. Concerns pertaining to surface ponding of rooftop stormwater and potential ice formation
on sidewalks and driveways are the main drivers of these lot requirements (Center for Watershed
Protection, 1998). These requirements, stemming from a convention of rapid transmission of
stormwater, serve to discourage on-site treatment of rooftop stormwater. This trend is further
exacerbated in northern latitudes where icing concerns are paramount and, consequently, where
downspouts may be connected directly to the stormwater collection system.

Disconnecting roof leaders from conventional stormwater conveyance systems allows rooftop runoff to
be collected and managed on site. Rooftop runoff can be directed to designed vegetated areas
(discussed in Chapter 6) for on-site storage, treatment, and volume control. This BMP offers a
distributed, low-cost method for reducing runoff volume and improving stormwater quality through:

* Increasing infiltration and evapotranspiration.
* Increasing filtration.

« Decreasing stormwater runoff volume.

* Increasing stormwater time of concentration.

Variations

In addition to directing rooftop runoff to vegetated areas, runoff may also be discharged to non-
vegetated BMPs, such as dry wells, rain barrels, and cisterns for stormwater retention and volume
reduction. With proper design, this rooftop water can be used for lawn watering, gardening, toilet
flushing and fire protection.

Applications

Routing rooftop runoff to naturally vegetated areas will reduce runoff volume and peak discharge, as
well as improve water quality by slowing runoff, allowing for filtration, and providing opportunity for
infiltration and evapotranspiration. The use of pervious areas for rooftop discharge has the ability to
reduce the gquantity of site stormwater runoff and improve the quality of the stormwater that does
discharge from the site. Alternatives for disconnecting roof leaders and the use of vegetated areas
should consider the following issues (Prince George’s County Department of Environmental Protection,
1997; Maryland Department of the Environment, 1997).

« Encourage shallow sheet flow through vegetated areas, using flow spreading and leveling
devices if necessary.

« Direct roof leader flow into BMPs designed specifically to receive and convey rooftop runoff.

« Direct flows into stabilized vegetated areas, including on-lot swales and bioretention areas.

* Rooftop runoff may also be directed to on-site depression storage areas.

* Runoff from industrial roofs and similar uses should not be directed to vegetated areas, if there
is reason to believe that pollutant loadings will be elevated.

e Limit the contributing rooftop area to a maximum of 500 t2 per downspout.
* Flow from roof leaders should not contribute to basement seepage.
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Figure 5.8-1 Examples of Directly Connected Impervious Areas (Roesner, ASCE, 1991)

Careful consideration should be given to the design of vegetated collection areas. Concerns pertaining
to basement seepage and water-soaked yards are not unwarranted, with the potential arising for
saturated depressed areas and eroded water channels. The proper design and use of bioretention
areas, infiltration trenches, and/or dry wells will reduce or eliminate the potential of surface ponding and
facilitate functioning during cold weather months.

Maintenance of the planted areas would be required, but would be limited. Routine maintenance would
include a biannual health evaluation of the vegetation and subsequent removal of any dead or diseased
vegetation plus mulch replenishment, if included in the design. This maintenance can be incorporated
into regular maintenance of the site landscaping. If the vegetated area is located in a residential
neighborhood, the maintenance responsibility could be delegated to the residents. The use of native
plant species in the vegetated area will reduce fertilizer, pesticide, water, and overall maintenance
requirements.
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Cost Issues

Construction cost estimates for vegetated areas should be similar or in line with that of conventional
landscaping. If bioretention areas are incorporated into the site, their costs are slightly more than costs
required for conventional landscaping. Commercial, industrial, and institutional site costs range
between $10 and $40 per square foot, based on the design of the bioretention area and the control
structures included. These costs, however, can potentially be offset by the reduced costs of
conventional stormwater management systems that otherwise would be required, if it were not for the
reduction achieved through the application of this BMP.

References
Prince George’s County Department of Environmental Protection, 1997

Maryland Department of the Environment, 1997
Center for Watershed Protection, 1998
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BMP 5.8.2: Disconnection from Storm Sewers

Minimize stormwater volume by
disconnecting impervious roads and

U — driveways and o!lrectlng_ runoff to gra}sged

4 swales and/or bioretention areas to infiltrate.

e Bioretention
swale

Curb cutouts =
Courtesy Plerce County, WA [

T

Key Design Elements

Potential Applications

Residential: Yes
Commercial: Ultra ;..
. Limited
Urban: Industrial: Limited
Retrofit:

. . Limited
Highway/Road: Limited

* Disconnect road and driveways from stormwater collection

systems. Stormwater Functions
+ Redirect road and driveway runoff into grassed swales or other
vegetated systems designed to receive stormwater.

Volume Reduction: High
Recharge: High

Peak Rate Control: High
Water Quality: Low

* Eliminate curbs/gutters/conventional collection and conveyance.

Water Quality Functions

TSS: 30%
TP: 0%
NO3: 0%
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Description

Impervious roads and driveways account for a large percentage of post-development imperviousness.
These surfaces influence stormwater runoff volume and quality by facilitating the rapid transport of
stormwater and collecting pollutants from atmospheric deposition, automobile leaks, and additional
sources. Considered a source of more potentially damaging pollution than rooftops, roads and
driveways contribute toxic chemicals, oil, and metals to stormwater runoff.

Conventional stormwater management has involved the rapid removal and conveyance of stormwater
from these surfaces. The result of this management system has been increased runoff volume,
decreased time of concentration, and greater pollutant mobility. Distributed stormwater management
through the use of vegetated swales and bioretention areas (discussed in Section 6.4.8 and 6.4.5) can
reduce the volume of stormwater runoff while providing on-site treatment and pollutant removal,
providing:

* Increased infiltration and evapotranspiration.
* Increased filtration.

+ Decreased stormwater runoff volume.

* Increased stormwater time of concentration.

Variations

A variety of alternatives exist for
redirecting road and driveway
runoff away from stormwater
collection systems. In addition to
vegetated swales, infiltration
trenches or bioretention areas may
be utilized. Curbing may be
eliminated entirely or selectively
eliminated, as shown in Figure 5.8-
2. The choice of BMP will depend
upon site-specific characteristics
including soil type, slope, and
stormwater volume.

_______

Figure 5.8-2 Example of Concrete Road Edging and Corner Curb (Roesner, ASCE, 1991)
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Applications

Routing road and driveway runoff to vegetated swales will reduce runoff volume and peak discharge, as
well as improve water quality by slowing runoff, allowing for filtration, and providing opportunity for
infiltration and evapotranspiration. Most importantly, in contrast to conventional systems where roads
and driveways are connected directly to the stormwater collection and conveyance system, vegetated
swales offer the potential for pollutant reductions (see additional discussion in Section 6.8). When
stormwater enters the stormwater system directly from road and driveways surfaces, a large variety of
pollutants are introduced into the stormwater and eventually the receiving stream. These pollutants
include toxic chemicals, oil, metals, and large particulate matter.

The use of vegetated swales, while slowing runoff discharge and permitting infiltration, also allows for
pollutant reduction facilitated by the soil media complex and plant uptake. Thus, vegetated swales used
in this manner serve a range of functions, intercepting runoff, reducing stormwater volume, and
retaining and reducing pollutants. Proper design and implementation still allows stormwater to be
quickly removed from road and driveway surfaces alleviating concerns over standing water.

The suitability of vegetated swales depends on land use, soil type, imperviousness of the contributing
watershed, and dimensions and slope of the vegetated swale system. Use of natural low-lying areas is
encouraged and natural drainage courses should be preserved and utilized.

Maintenance of the vegetated swale should include providing sufficient capacity of the channel and
maintaining a dense, healthy vegetated cover. Maintenance activities should include periodic mowing
(with plantings never cut shorter than the design flow depth), weed control, watering during drought
conditions, reseeding of bare areas, and clearing of debris and blockages.

Cost Issues

See discussion in Chapter 6.4.8. Vegetated swale construction costs are estimated at approximately

$0.25 per ft2. By including design costs, this estimated cost increases to $0.50 per ft2, allowing
vegetated swales to compare favorably with other stormwater management practices.
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5.9 Source Control
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BMP 5.9.1: Streetsweeping

Use of one of several modes of sweeping equipneegt,
mechanical, regenerative air, or vacuum filter gveeg) on a
programmed basis to remove larger debris matandl a
smaller particulate pollutants, preventing thisenal from
clogging the stormwater management system and mgshi
into receiving waterways/waterbodies.

Key Design Elements Potential Applications

Residential: Yes
Commercial: Yes
Ultra Urban: Yes
Industrial: Yes
Retrofit: Yes
* Use proper equipment; dry vacuum filters demonstrate optimal Highway/Road: Yes
results, significantly better than mechanical and regenerative air
sweeping, though move slowly and are most costly

* Develop a proper program; vary sweeping frequency by street
pollutant load (a function of road type, traffic, adjacent land uses,
other factors); sweep roads with curbs/gutters

Stormwater Functions

 Develop a proper program; restrict parking when sweeping to Volume Reduction: Low/None
improve removal. Recharge: Low/None
* Develop a proper program; seasonal variation for winter Peak Rate Control: Low/None

applications as necessatry. Water Quality: High

Water Quality Functions

TSS: 85%
TP: 85%
NO3: 50%
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Description

National Urban Runoff Program (NURP) studies from the 1980'’s reported generally very poor results
from street sweeping. In some cases, results suggested that water quality effects of conventional
mechanical street sweeping programs were actually negative. This is possibly explained by the fact that
the superficial sweeping accomplished by mechanical sweepers removes a “crust” of large, coarser
debris on many surfaces and exposes the finer particles to upcoming storm events. These particles are
then washed into receiving water bodies. However, hew street sweeping technology (see discussion
below) has dramatically improved street sweeping performance. While these new street sweeping
technologies are considerably more costly than previous street sweeping technologies, their pollutant
reduction performance compares quite favorably to other
pollutant reduction BMPs. Streetsweeping can actually be
quite cost effective in terms of water quality performance.

Variations

Variations in street sweeping relate primarily to differences in
equipment but also relate to important aspects of the street
sweeping programs, such as frequency of street sweeping,
use of regulations such as parking prohibitions, and other
program factors.

Equipment -

Mechanical broom: use of mechanical brooms/brushes with conveyor belts. Designed to remove
standard road debris, using various types of circulating brushes that sweep material onto conveyors
and then into bins. Some machines apply water to reduce dust. Includes the Elgin Pelican (3-
wheel) and Eagle (4-wheel), Athey;s Mobile (3- and 4-wheel) and Schwarze M-series. Stormwater
reports that the vast bulk of sweepers in use in the US are of this type. These sweepers are least
expensive and vary in cost from (approximately $60,000 in 2002, according to Stormwater
magazine).

Regenerative air: compressed air is directed onto the road surface, loosening fine particles that
are then vacuumed. Includes Elgin’s Crosswind J, Mobile’'s RA730 series, Schwarze’s A-series,
Tymco sweepers. About twice as expensive as mechanical sweepers ($120,000 in 2002, according
to Stormwater magazine).

Vacuum filter: vacuum assisted small-micron particle sweepers, either wet or dry. Dry vacuum
includes mechanical broom sweeping with a vacuum (Elgion’'s GeoVac and Whirlwind models and
Schwarze’s EV-series particulate management); this technology works well even in cold weather
conditions. Wet vacuum uses water dust suppression with scrubbers that apply water to pavement;
particles are suspended, and then vacuumed. Four to 5 times as expensive as mechanical
sweepers, according to Stormwater magazine in 2002. Equipment has been constrained by slow
driving speeds (max of 25 mph).

Tandem sweeping: using two machines, surfaces are mechanically swept and then vacuumed.
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Applications

Streets weeping programs vary by sweeping frequency that in turn depends on several other factors.
Certainly the most obvious factor is the intensity of the roadway and its expected pollutant load — the
greater the traffic intensity, the greater the pollutant load. Other factors such as frequency and intensity
of rainfall also affect desired street sweeping frequency. Sutherland and Jelen (1997), measuring
sediment load reduction, found very high pollutant load reduction with weekly or greater sweeping
frequencies in the Portland area with relatively frequent rainfall events.

Another factor to consider in street sweeping programs is “wash-on” or material that washes onto
impervious areas from upgradient/upstream pervious surfaces. Obviously if large amounts of sediment
and related-pollutants wash onto the paved surfaces during storm events themselves, street sweeping
is going to be relatively ineffective. The Center for Watershed Protection maintains that as site
imperviousness itself increases and as the imperviousness of upgradient watershed areas increases,
potential for wash-on decreases and potential effectiveness of street sweeping increases (Article 121,
Center for Watershed Protection Technical Note 103 from Watershed Protection Techniques 3(1), pp.
601-604).

Lastly, pollutant loads being contributed by the rainfall itself, or wetfall (such as total solids, total
nitrogen, chemical oxygen demand, extractable copper) will not be reduced or removed through street
sweeping by definition. For example, research performed by the Metropolitan Washington Council of
Governments found that 34 percent of total nitrogen, 24 percent of total solids, and 18 percent of COD
occurred as wetfall (Urban Runoff in the Washington Metropolitan Area, 1983. Final Report:
Washington DC Area Urban Runoff Project. USEPA Nationwide Urban Runoff Program, MWCOG
Washington DC).

In general, the greater the traffic on a roadway and the greater the number of vehicles using a parking
area, the greater the pollutant loads. The greater the pollutant loads, the greater the potential
effectiveness of street sweeping. Winter road applications affect street sweeping programs

Cost Issues

Costs of street sweeping include capital costs of purchasing the equipment, annual costs of
maintenance, annual costs of operation, plus costs of disposal of the material that is collected.
According to the US Environmental Protection Agency’s Preliminary Data Summary of Urban Storm
Water Best Management Practices (August 1999, EPA-821-R-99-012), street sweeper costs are quite
variable. A mechanical sweeper with $75,000 purchase price and a 5-year life cycle was found to cost
$30 per curb mile (Finley, 1996 and SWRPC, 1991), while a vacuum street sweeper purchased at
$150,000 and having an 8-year life cycle cost $15 per curb mile (Satterfield, 1996 and SWRPC, 1991).
Further comparisons were made by the EPA, including the effects of varying frequency of sweeping
(USEPA, 1999).

The point is that although mechanical sweepers are less expensive than vacuum sweepers, their

economic life is shorter than vacuum sweepers. If pollutant removal effectiveness is included in the
comparison, vacuum sweepers yield substantially better cost effectiveness in most cases.
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Pollutant Removal Performance

Although pollutant removal performance for street sweeping will vary with the frequency of the street
sweeping program, evaluations are demonstrating remarkably high pollutant removal, especially if the
program includes weekly street sweeping. The Center for Watershed Protection reports one recent
study with 45-65 percent removal of total suspended solids, 30-55 percent total phosphorus, 35-60
percent total lead, 25-50 percent total zinc, and 30-55 percent total copper (Kurahashi & Associates,
Inc. 1997. Port of Seattle, Stormwater Treatment BMP Evaluation). In Street Sweeping for Pollutant
Removal (Montgomery County Department of Environmental Protection, Montgomery County,
Maryland, February 2002), additional pollutant removal effectiveness data is reported from studies
performed by the Center for Watershed Protection (Watershed Treatment Model, 2001). Total
suspended solids reduction ranged from 5 percent (major road) and 30 percent (residential street) for
mechanical sweepers to 22 and 64 percent respectively for regenerative air and 79 to 78 percent
respectively for vacuum sweepers. For nitrogen, mechanical sweeper pollutant removal was 4 and 24
percent removal for major roads and residential streets, regenerative air was 18 and 51 percent, and
vacuum 53 and 62 percent. In summary, although pollutant removal performance for new mechanical
sweepers has improved considerably over those of the past generation, the new vacuum technology is
significantly better than either mechanical or even regenerative air sweepers and achieves a level of
pollutant removal that is frequently better than all other BMPs.
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6.1 Introduction

Twenty-one Structural BMPs are listed and described in this chapter. As indicated in both Chapters 4
and 5, many of these “structures” are natural system-based and include vegetation and soils
mechanisms as part of their functioning. More conventional “bricks and mortar” structures are also
included in this chapter.

Several of the BMPs presented in this chapter lead to variations on a central them. The vegetated
swale is a good example of a core BMP that fosters numerous others. These variations have been
included in this chapter with some explanation and reference made as to how and when such variations
can be successfully applied. As lengthy as the list of Structural BMPs might be , many more BMPs are
expected to emerge as stormwater management practices continue to evolve and mature.

Each BMP is outlined using approximately the same structure or outline as has been applied to the
Non-Structural BMPs.

6.2 Groupings of Structural BMPs

Structural BMPs are grouped according to the primary, though not exclusive, stormwater functions, as
follows:

Volume/Peak Rate Reduction by Infiltration BMPs
Volume/Peak Rate Reduction BMPs

Runoff Quality/Peak Rate BMPs

Restoration BMPs

Other BMPs

In all cases, these stormwater functions are linked to the Recommended Site Control Guidelines
presented in Chapter 3. Most of the Structural BMPs fall into the category of Volume/Peak Rate
Reduction. Some of these BMPs also possess excellent water quality protection capabilities as well.
Volume and Peak Rate functions also can be provided by a smaller group of increasingly important
Structural BMPs such as Vegetated Roofs and Roof Capture/Reuse (e.g., rain barrels and cisterns).
Certain BMPs provide water quality and peak rate control functions, without any significant control of
volume. The Restoration BMPs and Other BMP categories provide a mix of stormwater functions.
Although these BMPs have not been frequently used in the past, they can offer real potential for many
Pennsylvania municipalities in the future.

Lastly, two special lists of instructions, or Protocols, have been developed specifically for use with all
infiltration-oriented structural BMPs and are presented in Appendix C.

Protocol 1: Site Evaluation and Soil Infiltration Testing
Protocol 2: Infiltration Systems Design and Constr uction Guidelines

These Protocols should be followed whenever infiltration-oriented BMPs are being developed. The
Protocols set forth a variety of actions common to all infiltration BMPs. These actions should be taken
to ensure that proper site conditions and constraints are being addressed, proper design considerations
are being taken, and proper construction specifications are being integrated into the overall design of
the BMP. An especially important aspect of these instructions focuses on full and careful testing of the
soil, thereby necessitating a separate Protocol that addresses soil testing and analysis. If these
Protocols are followed, the risk of failed infiltration BMPs will be minimized, if not eliminated.
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One of the most challenging technical issues considered in this manual involves the selection of BMPs
with a high degree of pollutant reduction or removal efficiency. The Non-Structural BMPs described in
Chapter 5 and the Structural BMPs presented in Chapter 6 are all rated in terms of their pollutant
removal performance or effectiveness. The initial BMP selection process analyzes the final site plan
and estimates the potential pollutant load, using Appendix A. The targeted reduction percentage for
representative pollutants (such as 85% reduction in TSS and TP load and 50% reduction in the solute
load) is achieved by a suitable combination of Non-Structural and Structural BMPs. This process is
described in more detail in Chapter 8.

6.3 Manufactured Products

A variety of product suppliers, distributors, and manufacturers have provided extensive product
information to PADEP during the preparation of this manual. Many of these products can be used in
conjunction with the Non-Structural BMPs set forth in Chapter 5 as well as the Structural BMPs
presented in this chapter. The proper application and use of many of these manufactured products can
further the stormwater management goals and objectives of this manual. It should be noted that
Pennsylvania does not have an established product review and testing function. The interested
reader/user is directed to the following sources to learn about the performance of a specific product or
technology:

The Technology Acceptance Reciprocity Partnership (TARP) — A partnership of the states of
California, lllinois, Maryland, Massachusetts, New Jersey, New York, Pennsylvania and Virginia
that establishes standardized methods to guide the collection and evaluation of new and
innovative technology performance across the states. Information is available at:
www.dep.state.pa.us/dep/deputate/pollprevi/techservices/tarp/index.htm

Environmental Technology Evaluation Center (EVTEC) of The Civil Engineering Research
Foundation (CERF), including their Stormwater Best Management Practices (BMPs) Verification
Program - information available at http://www.cerf.org/evtec/index.htm &
http://www.cerf.org/evtec/eval/wsdot_qgr.htm

U.S. EPA's Environmental Technology Verification Program (ETV) - information available at
http://www.epa.gov/etv/

The University of New Hampshire's Center for Stormwater Technology Evaluation and
Verification (CSTEV) - information available at http://www.unh.edu/erg/cstev/index.htm#

The Chesapeake Bay Program's Innovative Technology Task Force (ITTF) - information about
the program as well as many useful links to other programs available at
http://www.chesapeakebay.net/info/innov_tech.cfm

New Jersey's Energy and Environmental Technology Verification Program - results available
through the New Jersey Corporation for Advanced Technology (NJCAT) at http://www.njcat.org/

Disclaimer: The technology descriptions contained in this document including, but not limited to,
information on technology applications, performance, limitations, benefits, and cost, have been
provided by vendors. No attempt was made to examine, screen or verify company or technology
information. The Pennsylvania Department of Environmental Protection has not confirmed the
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accuracy or legal adequacy of any disclosures, product performance, or other information
provided by the companies appearing here. The inclusion of specific products in this document
does not constitute or imply their endorsement or recommendation by the Pennsylvania
Department of Environmental Protection.
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6.4 Volume/Peak Rate Reduction by Infiltration BMP s
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BMP 6.4.1: Pervious Pavement with Infiltration Bed

Choker Course; AASHTO

No. 37
Pervious Paving Surface Course Sufficient to fill large
SIS ---._/um‘r:ulr\jm\‘r
- Clean uniformly graded * A
corse apgregate, Bed depth varics,
AASHTO No. 3 generally 127 - 367

Non-woven Geotextile
Uncompacted on bed bottom and sides
Subgrade

Pervious pavement consists of a permeable surface
course underlain by a uniformly-graded stone bed
which provides temporary storage for peak rate
control and promotes infiltration. The surface
course may consist of porous asphalt, porous
concrete, or various porous structural pavers laid on
uncompacted soil.

Key Design Elements

- Almost entirely for peak rate control

+ Water quality and quantity are not addressed

inconvenience

- Emergency overflows

* Maximum ponding depths
* Flow control structures

* Adequate surface slope to outlet

* Short duration storage; rapid restoration of primary uses

+ Minimize safety risks, potential property damage, and user

Potential Applications

Residential: Limited
Commercial: Yes
Ultra Urban: Yes

Industrial: Yes
Retrofit: Yes
Highway/Road: Limited

Stormwater Functions

Volume Reduction: Medium
Recharge: Medium

Peak Rate Control: Medium
Water Quality: Medium

Water Quality Functions

TSS: 85%
TP: 85%
NO3: 30%

Other Considerations

* Protocol 1. Site Evaluation and Soil Infiltration T esting and Protocol 2. Infiltration Systems
Guidelines should be followed, see Appendix C
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Description

A pervious pavement bed consists of a pervious surface course underlain by a stone bed of uniformly
graded and clean-washed coarse aggregate, 1-1/2 to 2-1/2 inches in size, with a void space of at least
40%. The pervious pavement may consist of pervious asphalt, pervious concrete, or pervious
pavement units. Stormwater drains through the
surface, is temporarily held in the voids of the stone
bed, and then slowly drains into the underlying,
uncompacted soil mantle. The stone bed can be
designed with an overflow control structure so that
during large storm events peak rates are controlled,
and at no time does the water level rise to the
pavement level. A layer of geotextile filter fabric
separates the aggregate from the underlying soil,
preventing the migration of fines into the bed. The bed
bottoms should be level and uncompacted. If new fill is
required, it should consist of additional stone and not
compacted soil.

Pervious Standard

Porous Asphal Standard Asphali Poroos Asphal
Parking Bayvs Aecess Adsle Parking Bays

Goeotestile Fabiic
Linies the
Infiltration Bed

Uncompacted Subgrade beoeath InfGltvation Bed

Pervious pavement is well suited for parking lots, walking paths, sidewalks, playgrounds, plazas, tennis
courts, and other similar uses. Pervious pavement can be used in driveways if the homeowner is
aware of the stormwater functions of the pavement. Pervious pavement roadways have seen wider
application in Europe and Japan than in the U.S., although at least one U.S. system has been
constructed . In Japan and the U.S., the application of an open-graded asphalt pavement of 1” or less
on roadways has been used to provide lateral surface drainage and prevent hydroplaning, but these
are applied over impervious pavement on compacted sub-grade. This application is not pervious
pavement.

Properly installed and maintained pervious pavement has a significant life-span, and existing systems
that are more than twenty years in age continue to function. Because water drains through the surface

363-0300-002 / December 306 Page 8 of 257



Pennsylvania Stormwater Best Management Practices Manual Chapter 6

course and into the subsurface bed, freeze-thaw cycles do not tend to adversely affect pervious
pavement.

Pervious pavement is most susceptible to failure difficulties during construction, and therefore it is
important that the construction be undertaken in such as way as to prevent :

» Compaction of underlying soil

« Contamination of stone subbase with sediment and fines

« Tracking of sediment onto pavement

- Drainage of sediment laden waters onto pervious surface or into constructed bed

Staging, construction practices, and erosion and sediment control must all be taken into consideration
when using pervious pavements.

Studies have shown that pervious systems have been very effective in reducing contaminants such as
total suspended solids, metals, and oil and grease. When designed, constructed, and maintained
according to the following guidelines, pervious
pavement with underlying infiltration systems
can dramatically reduce both the rate and
volume of runoff, recharge the groundwater,
and improve water quality.

In northern climates, pervious pavements have
less of a tendency to form black ice and often
require less plowing. Winter maintenance is
described on page 17. Pervious asphalt and
concrete surfaces provide better traction for
walking paths in rain or snow conditions.

Variations
Pervious Bituminous Asphalt

Early work on pervious asphalt pavement was conducted in the early 1970’'s by the Franklin Institute in
Philadelphia and consists of standard bituminous asphalt in which the fines have been screened and
reduced, allowing water to pass through small voids. Pervious asphalt is placed directly on the stone
subbase in a single 3 % inch lift that is lightly rolled to a finish depth of 2 % inches.

Because pervious asphalt is standard asphalt with
reduced fines, it is similar in appearance to standard
asphalt. Recent research in open-graded mixes for
highway application has led to additional improvements
in pervious asphalt through the use of additives and
higher-grade binders. Pervious asphalt is suitable for
use in any climate where standard asphalt is
appropriate.
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Pervious Concrete

Pervious Portland Cement Concrete, or pervious concrete, was developed by the Florida Concrete
Association and has seen the most widespread application in Florida and southern areas. Like
pervious asphalt, pervious concrete is produced by substantially reducing the number of fines in the mix
in order to establish voids for drainage. In northern and mid-Atlantic climates such as Pennsylvania,
pervious concrete should always be underlain by a stone subbase designed for stormwater
management and should never be placed directly onto a soil subbase.

While pervious asphalt is very similar in appearance to standard asphalt, pervious concrete has a
coarser appearance than its conventional counterpart. Care must be taken during placement to avoid
working the surface and creating an impervious layer. Pervious concrete has been proven to be an
effective stormwater management BMP. Additional information pertaining to pervious concrete,
including specifications, is available from the Florida Concrete Association and the National Ready Mix
Association.

Porous
Concrete
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Pervious Paver Blocks

Pervious Paver Blocks consist of interlocking units (often concrete) that
provide some portion of surface area that may be filled with a pervious
material such as gravel. These units are often very attractive and are
especially well suited to plazas, patios, small parking areas, etc. A
number of manufactured products are available, including (but not limited
to):

« Turfstone; UNI Eco-stone; Checkerblock; EcoPaver

As products are always being developed, the designer is encouraged to evaluate the benefits of various
products with respect to the specific application. Many paver products recommend compaction of the
soil and do not include a drainage/storage area, and therefore, they do not provide optimal stormwater
management benefits. A system with a compacted subgrade will not provide significant infiltration.

Reinforced Turf and Gravel Filled Grids

Reinforced Turf consists of interlocking structural units that contain voids or areas for turf grass growth
and are suitable for traffic loads and parking. Reinforced turf units may consist of concrete or plastic
and are underlain by a stone and/or sand drainage system for stormwater management There are also
products available that provide a fully permeable surface through the use of plastic rings/grids filled with
gravel..

Reinforced Turf applications are excellent for Fire Access Roads, overflow parking, occasional use
parking (such as at religious facilities and athletic facilities). Reinforced turf is also an excellent
application to reduce the required standard pavement width of paths and driveways that must
occasionally provide for emergency vehicle access.

While both plastic and concrete units perform well for stormwater management and traffic needs,

plastic units tend to provide better turf establishment and longevity, largely because the plastic will not
absorb water and diminish soil moisture conditions. A number of products (e.g. Grasspave, Geoblock,
GravelPave, Grassy Pave, Geowaie)available and the designer is encouraged to evaluate and

select a product suitable to the design in question.
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Applications
Parking

Walkways

Pervious Pavement Walkways

Pervious pavement has also been used in walkways and sidewalks. These installations
typically consist of a shallow (8 in. minimum) aggregate trench that is sloped to follow the
surface slope of the path. In the case of relatively mild surface slopes, the aggregate
infiltration trench may be “terraced” into level reaches in order to maximize the infiltration
capacity, at the expense of additional aggregate.

™
- m
]
E
-
=

Alleys
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Roof drainage; Direct connection of roof leaders an d/or inlets

Design Considerations
1. Protocol 1, Site Evaluation and Soil Infiltration Testing required (see Appendix C).
2. Protocol 2, Infiltration Systems Guidelines must be met (see Appendix C).

3. The overall site should be evaluated for potential pervious pavement / infiltration areas early in
the design process, as effective pervious pavement design requires consideration of grading.

4. Orientation of the parking bays along the existing contours will significantly reduce the need for
cut and fill.

5. Pervious pavement and infiltration beds should not be placed on areas of recent fill or

compacted fill. Any grade adjust requiring fill should be done using the stone subbase material.
Areas of historical fill (>5 years) may be considered for pervious pavement.
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6. The bed bottom should not be compacted, however the stone subbase should be placed in lifts
and lightly rolled according to the specifications.

7. During construction, the excavated bed may serve as a temporary sediment basin or trap. This
will reduce overall site disturbance. The bed should be excavated to within twelve (12) inches
of the final bed bottom elevation for use as a sediment trap or basin. Following construction and
site stabilization, sediment should be removed and final grades established.

8. Bed bottoms should be level or nearly level . Sloping bed bottoms will lead to areas of
ponding and reduced distribution.

9. All systems should be designed with an overflow system . Water within the subsurface
stone bed should never rise to the level of the pavement surface. Inlet boxes can be used for
cost-effective overflow structures. All beds should empty to meet the criteria in Chapter 3.

10. While infiltration beds are typically sized to handle the increased volume from a storm, they
should also be able to convey and mitigate the peak of the less-frequent, more intense storms
(such as the 100-yr). Control in the beds is usually provided in the form of an outlet control
structure. A modified inlet box with an internal weir and low-flow orifice is a common type of
control structure. The specific design of these structures may vary, depending on factors such
as rate and storage requirements, but it always should include positive overflow from the
system.

11. The subsurface bed and overflow may be designed and evaluated in the same manner as a

detention basin to demonstrate the mitigation of peak flow rates. In this manner, the need for a
detention basin may be eliminated or reduced in size.

;2% PERVIOUS PAVING SURFACE COURSE

[ 1° CHOKER COURSE (AASHTD
/  No. 57 = WASHED

CLEAN WASHED- s
UNIFORMLY GRADED Eiﬁl
COARSE AGGREGATE, o
AASHTO MNo. 3 'l,,.- o i 0" WIDE CONCRETE WEIR,
v v - = o % HEIGHT VARIES
TRy Ty r.& Tt @ ?;%5 .
o A jr‘&«;%
c;0 O l_[
L |
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B \oF| BoB2E RV \ N
i e ool SOLID HOPE- sarmsae—PROVIDE 12° SEDIMENT TRAP
PERF_HDPE VA PIPE ;’u‘% “'Evg; ¢BELOW LOW-FLOW ORIFICES)
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” RS T £ PER SIDE
|\ _MONWOVEN GEOTEXTILE s LAY S
| PLACE CB ON &' COMPACTED
_UNCOMPACTED BED BOTTOM 24 W/ COMPACTED SUBGRADE

12. A weir plate or weir within an inlet or overflow control structure may be used to maximize the
water level in the stone bed while providing sufficient cover for overflow pipes.
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13. Perforated pipes along the bottom of the bed may be used to evenly distribute runoff over the
entire bed bottom. Continuously perforated pipes should connect structures (such as cleanouts
and inlet boxes). Pipes should lay flat along the bed bottom and provide for uniform distribution
of water. Depending on size, these pipes may provide additional storage volume.

14. Roof leaders and area inlets may be connected to convey runoff water to the bed. Water
Quality Inserts or Sump Inlets should be used to prevent the conveyance of sediment and
debris into the bed.

15. Infiltration areas should be located within the immediate project area in order to control runoff at
its source. Expected use and traffic demands should also be considered in pervious pavement
placement.

16. Control of sediment is critical. Rigorous installation and maintenance of erosion and sediment
control measures should be provided to prevent sediment deposition on the pavement surface
or within the stone bed. Nonwoven geotextile may be folded over the edge of the pavement
until the site is stabilized. The Designer should consider the placement of pervious pavement to
reduce the likelihood of sediment deposition. Surface sediment should be removed by a
vacuum sweeper and should not be power-washed into the bed.

17. Infiltration beds may be placed on a slope by
benching or terracing parking bays. Orienting
parking bays along existing contours will reduce
site disturbance and cut/fill requirements.

18. The underlying infiltration bed is typically 12-36
inches deep and comprised of clean, uniformly
graded aggregate with approximately 40% void
space. AASHTO No.3, which ranges 1.5-2.5
inches in gradation, is often used. Depending on
local aggregate availability, both larger and smaller size aggregate has been used. The critical
requirements are that the aggregate be uniformly graded, clean washed, and contain a
significant void content. The depth of the bed is a function of stormwater storage requirements,
frost depth considerations, site grading, and anticipated loading. Infiltration beds are typically
sized to mitigate the increased runoff volume from a 2-yr design storm.

19. Most pervious pavement installations are underlain by an aggregate bed; alternative subsurface
storage products may also be employed. These include a variety of proprietary, interlocking
plastic units that contain much greater storage capacity than aggregate, at an increased cost.

20. All pervious pavement installations should have a
backup method for water to enter the stone
storage bed in the event that the pavement fails
oris altered. In uncurbed lots, this backup
drainage may consist of an unpaved 2 ft wide
stone edge drain connected directly to the bed.
In curbed lots, inlets with water quality devices
may be required at low spots. Backup drainage
elements will ensure the functionality of the
infiltration system, if the pervious pavement is
compromised.
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21. In areas with poorly draining soils, infiltration beds below pervious pavement may be designed
to slowly discharge to adjacent wetlands or bioretention areas. Only in extreme cases (i.e.
industrial sites with contaminated soils) will the aggregate bed need to be lined to prevent
infiltration.

22. In those areas where the threat of spills and groundwater contamination is likely, pretreatment
systems, such as filters and wetlands, may be required before any infiltration occurs. In hot
spot areas, such as truck stops, and fueling stations, the appropriateness of pervious pavement
must be carefully considered. A stone infiltration bed located beneath standard pavement,
preceded by spill control and water quality treatment, may be more appropriate.

23. The use of pervious pavement must be carefully considered in areas where the pavement may
be seal coated or paved over due to lack of awareness, such as individual home driveways. In
those situations, a system that is not easily altered by the property owner may be more
appropriate. An example would include an infiltration system constructed under a conventional
driveway. Educational signage at pervious pavement installations may guarantee its prolonged
use in some areas.

Design Guidelines for
Subsurface Infiltration
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Detailed Stormwater Functions

Volume Reduction Calculations

Volume = Depth* (ft) x Area (sf) x Void Space
*Depth is the depth of the water stored during a storm event, depending on the drainage area and
conveyance to the bed.

Infiltration Volume = Bed Bottom Area (sf) x Infiltration design rate (in/hr)

x Infiltration period* (hr) x (1/12)
*Infiltration Period is the time when bed is receiving runoff and capable of infiltrating at the design rate.
Not to exceed 72 hours.
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Peak Rate Mitigation

See in Chapter 8 for Peak Rate Mitigation methodology that addresses link between volume reduction
and peak rate control.

Water Quality Improvement

See in Chapter 8 for Water Quality methodology that addresses pollutant removal effectiveness of this
BMP.

Construction Sequence

1. Due to the nature of construction sites, pervious pavement and other infiltration measures
should by installed toward the end of the construction period, if possible. Infiltration beds under
pervious pavement may be used as temporary sediment basins or traps provided that they are
not excavated to within 12 inches of the designated bed bottom elevation. Once the site is
stabilized and sediment storage is no longer required, the bed is excavated to the its final grade
and the pervious pavement system is installed.

N

. The existing subgrade under the bed areas should NOT be compacted or subject to excessive
construction equipment traffic prior to geotextile and stone bed placement.

3. Where erosion of subgrade has caused accumulation of fine materials and/or surface ponding,
this material shall be removed with light equipment and the underlying soils scarified to a
minimum depth of 6 inches with a York rake (or equivalent) and light tractor. All fine grading
shall be done by hand. All bed bottoms should
be at a level grade.

4. Earthen berms (if used) between infiltration
beds should be left in place during excavation.
These berms do not require compaction if
proven stable during construction.

5. Geotextile and bed aggregate should be placed
immediately after approval of subgrade
preparation. Geotextile should be placed in
accordance with manufacturer’s standards and
recommendations. Adjacent strips of geotextile should overlap a minimum of 16 in. It should
also be secured at least 4 ft. outside of bed in order to prevent any runoff or sediment from
entering the storage bed. This edge strip should remain in place until all bare soils contiguous
to beds are stabilized and vegetated. As the site is fully stabilized, excess geotextile along bed
edges can be cut back to bed edge.

6. Clean (washed) uniformly graded aggregate is placed in the bed in 8-inch lifts. Each layer
should be lightly compacted, with the construction equipment kept off the bed bottom as much
as possible. Once bed aggregate is installed to the desired grade, a +/- 1 in. layer of choker
base course (AASHTO #57) aggregate should be installed uniformly over the surface in order to
provide an even surface for paving.
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7. The pervious pavement should be installed in accordance with current standards. Further
information can be obtained from the appropriate Association.

The full permeability of the pavement surface should be tested by application of clean water at the rate
of at least 5 gpm over the surface, using a hose or other distribution devise. All applied water should
infiltrate directly without puddle formation or surface runoff.
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Maintenance Issues

The primary goal of pervious pavement maintenance is to prevent the pavement surface and/or
underlying infiltration bed from being clogged with fine sediments. To keep the system clean
throughout the year and prolong its life span, the pavement surface should be vacuumed biannually
with a commercial cleaning unit. Pavement washing systems or compressed air units are not
recommended. All inlet structures within or draining to the infiltration beds should also be cleaned out
biannually.

Planted areas adjacent to pervious pavement should be well maintained to prevent soil washout onto
the pavement. If any washout does occur it should be cleaned off the pavement immediately to prevent
further clogging of the pores. Furthermore, if any bare spots or eroded areas are observed within the
planted areas, they should be replanted and/or stabilized at once. Planted areas should be inspected
on a semiannual basis. All trash and other litter that is observed during these inspections should be
removed.

Superficial dirt does not necessarily clog the pavement voids. However, dirt that is ground in
repeatedly by tires can lead to clogging. Therefore, trucks or other heavy vehicles should be prevented
from tracking or spilling dirt onto the pavement. Furthermore, all construction or hazardous materials
carriers should be prohibited from entering a pervious pavement lot.

Special Maintenance Considerations:

. Prevent Clogging of Pavement Surface with Sediment
Vacuum pavement 2 or 3 times per year
° Maintain planted areas adjacent to pavement
° Immediately clean any soil deposited on pavement
° Do not allow construction staging, soil/mulch storage, etc. on unprotected pavement
surface
° Clean inlets draining to the subsurface bed twice per year

Winter Maintenance

Winter maintenance for a pervious parking lot may be necessary but is usually less intensive
than that required for a standard impervious surface. By its very nature, a pervious pavement
system with subsurface aggregate bed has superior snow melting characteristics than standard
pavement. The underlying stone bed tends to absorb and retain heat so that freezing rain and
snow melt faster on pervious pavement. Therefore, ice and light snow accumulation are
generally not as problematic. However, snow will accumulate during heavier storms. Abrasives
such as sand or cinders should not be applied on or adjacent to the pervious pavement. Snow
plowing is fine, provided it is done carefully (i.e. by setting the blade slightly higher than usual,
about an inch). Salt is acceptable for use as a deicer on the pervious pavement, though
nontoxic, organic deicers, applied either as blended, magnesium chloride-based liquid products
or as pretreated salt, are preferable.

Repairs

Potholes in the pervious pavement are unlikely; though settling might occur if a soft spot in the
subgrade is not removed during construction. For damaged areas of less than 50 square feet, a
declivity could be patched by any means suitable with standard pavement, with the loss of
porosity of that area being insignificant. The declivity can also be filled with pervious mix. If an
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area greater than 50 sq. ft. is in need of repair, approval of patch type should be sought from
either the engineer or owner. Under no circumstance should the pavement surface ever be seal
coated. Any required repair of drainage structures should be done promptly to ensure
continued proper functioning of the system.

Cost Issues
. Pervious asphalt, with additives, is generally 10% to 20% higher (2005) in cost than
standard asphalt on a unit area basis.
. Pervious concrete as a material is generally more expensive than asphalt and requires
more labor and experience for installation due to specific material constraints.
. Permeable interlocking concrete pavement blocks vary in cost depending on type and

manufacturer.

The added cost of a pervious pavement/infiltration system lies in the underlying stone bed, which is
generally deeper than a conventional subbase and wrapped in geotextile. However, this additional cost
is often offset by the significant reduction in the required number of inlets and pipes. Also, since
pervious pavement areas are often incorporated into the natural topography of a site, there generally is
less earthwork and/or deep excavations involved. Furthermore, pervious pavement areas with
subsurface infiltration beds often eliminate the need (and associated costs, space, etc.) for detention
basins. When all of these factors are considered, pervious pavement with infiltration has proven itself
less expensive than the impervious pavement with associated stormwater management. Recent
(2005) installations have averaged between $2000 and $2500 per parking space, for the pavement and
stormwater management.

Specifications

The following specifications are provided for informational purposes only. These specifications include
information on acceptable materials for typical applications, but are by no means exclusive or limiting.
The designer is responsible for developing detailed specifications for individual design projects in
accordance with the project conditions.

1.__Stone for infiltration beds shall be 2-inch to 1-inch uniformly graded coarse aggregate, with a
wash loss of no more than 0.5%, AASHTO size number 3 per AASHTO Specifications, Part |,
19th Ed., 1998, or later and shall have voids 40% as measured by ASTM-C29. Choker base
course aggregate for beds shall be 3/8 inch to 3/4 inch uniformly graded coarse aggregate
AASHTO size number 57 per Table 4, AASHTO Specifications, Part I, 13th Ed., 1998 (p. 47).

2. Non-Woven Geotextile _shall consist of needled nonwoven polypropylene fibers and meet the
following properties:

a. Grab Tensile Strength (ASTM-D4632) >120 Ibs

b Mullen Burst Strength (ASTM-D3786) > 225 psi

(o} Flow Rate (ASTM-D4491) > 95 gal/min/ft?
d. UV Resistance after 500 hrs (ASTM-D4355) > 70%

e Heat-set or heat-calendared fabrics are not permitted.

Acceptable types include Mirafi 140N, Amoco 4547, Geotex 451, or approved others.
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3. _Pipe shall be continuously perforated, smooth interior, with a minimum inside diameter of 6-
inches. High-density polyethylene (HDPE) pipe shall meet AASHTO M252, Type S or AASHTO
M294, Type S.

4. Storm Drain Inlets and Structures
a. Concrete Construction: Concrete construction shall be in accordance with PennDOT
Pub. 4082003 including current supplements or latest edition.

b. Precast concrete ilnlets and manholes: Precast concrete inlets may be substituted for
cast-in-place structures and shall be constructed as specified for cast-in-place. Standard
inlet boxes will be modified to provide minimum 12" sump storage and bottom leaching
basins, open to gravel sumps in sub-grade, when situated in the recharge bed.

C. All PVC Catch Basins/Cleanouts/Inline Drains shall have H-10 or H-20 rated grates,
depending on their placement (H-20 if vehicular loading).

d. Steel reinforcing bars over the top of the outlet structure shall conform to ASTM A615,
grades 60 and 40.

e. Permanent turf reinforcement matting shall be installed according to manufacturers’
specifications.

5. _Pervious Bituminous Asphalt
Bituminous surface course for pervious paving should be two and one-half (2.5) inches thick
with a bituminous mix of 5.75% to 6% by weight dry aggregate. In accordance with ASTM
D6390, drain down of the binder shall be no greater than 0.3%. If more absorptive
aggregates, such as limestone, are used in the mix, then the amount of bitumen is to be based
on the testing procedures outlined in the National Asphalt Pavement Association’s Information
Series 131 — “Pervious Asphalt Pavements” (2003) or PennDOT equivalent.

Use neat asphalt binder modified with an elastomeric polymer to produce a binder meeting the
requirements of PG 76-22 as specified in AASHTO MP-1. The elastomer polymer shall be
styrene-butadiene-styrene (SBS), or approved equal, applied at a rate of 3% by weight of the
total binder. The composite materials shall be thoroughly blended at the asphalt refinery or
terminal prior to being loaded into the transport vehicle. The polymer modified asphalt binder
shall be heat and storage stable.

Aggregate shall be minimum 90% crushed material and have a gradation of:

U.S. Standard Sieve Size Percent Passing

Y2 (12.5 mm) 100

3/8 (9.5 mm) 92-98

4 (4.75 mm) 34-40

8 (2.36 mm) 14-20

16 (1.18 mm) 7-13

30 (0.60 mm) 0-4

200 (0.075mm) 0-2

Add hydrated lime at a dosage rate of 1.0% by weight of the total dry aggregate to mixes
containing granite. Hydrated lime shall meet the requirements of ASTM C 977. The additive
must be able to prevent the separation of the asphalt binder from the aggregate and achieve a
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required tensile strength ratio (TSR) of at least 80% on the asphalt mix when tested in
accordance with AASHTO T 283. The asphaltic mix shall be tested for its resistance to stripping
by water in accordance with ASTM D-1664. If the estimated coating area is not above 95
percent, anti-stripping agents shall be added to the asphalt.

Pervious pavement shall not be installed on wet surfaces or when the ambient air temperature
is 50 degrees Fahrenheit or lower. The temperature of the bituminous mix shall be between
300 degrees Fahrenheit and 350 degrees Fahrenheit (based on the recommendations of the
asphalt supplier).

6. _Pervious Concrete
GENERAL
Weather Limitations: Do not place Portland cement pervious pavement mixtures when the
ambient temperature is 40 degrees Fahrenheit or lower or 90 degrees Fahrenheit or higher,
unless otherwise permitted in writing by the Engineer.

Test Panels: Regardless of qualification, Contractor is to place, joint and cure at least two test
panels, each to be a minimum of 225 sq. ft. at the required project thickness to demonstrate to
the Engineer’s satisfaction that in-place unit weights can be achieved and a satisfactory
pavement can be installed at the site location.

Test panels may be placed at any of the specified Portland Cement pervious locations. Test
panels shall be tested for thickness in accordance with ASTM C 42; void structure in
accordance with ASTM C 138; and for core unit weight in accordance with ASTM C 140,
paragraph 6.3.

Satisfactory performance of the test panels will be determined by:
Compacted thickness no less than ¥4” of specified thickness.

Void Structure: 15% minimum; 21% maximum. Unit weight plus or minus 5 pcf of the design unit
weight.

If measured void structure falls below 15% or if measured thickness is greater than ¥4 less than
the specified thickness of if measured weight falls less than 5 pcf below unit weight, the test
panel shall be removed at the contractor's expense and disposed of in an approved landfill.

If the test panel meets the above-mentioned requirements, it can be left in-place and included in
the completed work.
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CONCRETE MIX DESIGN

Contractor shall furnish a proposed mix design with proportions of materials to the Engineer
prior to commencement of work. The data shall include unit weights determined in accordance
with ASTM C29 paragraph 11, jigging procedure.

MATERIALS
Cement: Portland Cement Type | or Il conforming to ASTM C 150 or Portland Cement Type IP
or IS conforming to ASTM C 595.

Aggregate: Use No 8 coarse aggregate (3/8 to No. 16) per ASTM C 33 or No. 89 coarse
aggregate (3/8 to No. 50) per ASTM D 448. If other gradation of aggregate is to be used,
submit data on proposed material to owner for approval.

Air Entraining Agent: Shall comply with ASTM C 260 and shall be used to improve resistance to
freezelthaw cycles.

Admixtures: The following admixtures shall be used:

Type D Water Reducing/Retarding — ASTM C 494,
A hydration stabilizer that also meets the requirements of ASTM C 494 Type B Retarding or
Type D Water Reducing/Retarding admixtures. This stabilizer suspends cement hydration by
forming a protective barrier around the cementitious particles, which delays the particles from
achieving initial set.

Water: Potable shall be used.

Proportions:
Cement Content: For pavements subjected to vehicular traffic loading, the total cementitious

material shall not be less than 600 Ibs. Per cy.

Aggregate Content: the volume of aggregate per cu. yd. shall be equal to 27 cu.ft. when
calculated as a function of the unit weight determined in accordance with ASTM C 29 jigging
procedure. Fine aggregate, if used, should not exceed 3 cu. ft. and shall be included in the total
aggregate volume.

Admixtures: Shall be used in accordance with the manufacturer’s instructions and
recommendations.

Mix Water: Mix water shall be such that the cement paste displays a wet metallic sheen without
causing the paste to flow from the aggregate. (Mix water yielding a cement paste with a dull-dry
appearance has insufficient water for hydration).
» Insufficient water results in inconsistency in the mix and poor bond strength.
« High water content results in the paste sealing the void system primarily at the bottom
and poor surface bond.

An aggregate/cement (A/C) ratio range of 4:1t0 4.5 :1 and a water/cement (W/C) ratio
range of 0.34 to 0.40 should produce pervious pavem  ent of satisfactory properties in
regard to permeability, load carrying capacity, and durability characteristics

INSTALLATION

Portland Cement Pervious Pavement Concrete Mixing, Hauling and Placing:

Mix Time: Truck mixers shall be operated at the speed designated as mixing speed by the
manufacturer for 75 to 100 revolutions of the drum.
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Transportation: The Portland Cement aggregate mixture may be transported or mixed on site
and should be used within one (1) hour of the introduction of mix water, unless otherwise
approved by an engineer. This time can be increased to 90 minutes when utilizing the specified
hydration stabilizer. Each truck should not haul more than two (2) loads before being cycled to
another type concrete. Prior to placing concrete, the subbase shall be moistened and in a wet
condition. Failure to provide a moist subbase will result in a reduction in strength of the
pavement.

Discharge: Each mixer truck will be inspected for appearance of concrete uniformity according
to this specification. Water may be added to obtain the required mix consistency. A minimum
of 20 revolutions at the manufacturer’s designated mixing speed shall be required following any
addition of water to the mix. Discharge shall be a continuous operation and shall be completed
as quickly as possible. Concrete shall be deposited as close to its final position as practicable
and such that fresh concrete enters the mass of previously placed concrete. The practice of
discharging onto subgrade and pulling or shoveling to final placement is not allowed.

Placing and Finishing Equipment: Unless otherwise approved by the Owner or Engineer in
writing, the Contractor shall provide mechanical equipment of either slipform or form riding with
a following compactive unit that will provide a minimum of 10 psi vertical force. The pervious
concrete pavement will be placed to the required cross section and shall not deviate more than
+/- 3/8 inch in 10 feet from profile grade. If placing equipment does not provide the minimum
specified vertical force, a full width roller or other full width compaction device that provides
sufficient compactive effort shall be used immediately following the strike-off operation. After
mechanical or other approved strike-off and compaction operation, no other finishing operation
will be allowed. If vibration, internal or surface applied, is used, it shall be shut off immediately
when forward progress is halted for any reason. The Contractor will be restricted to pavement
placement widths of a maximum of fifteen (15’) feet unless the Contractor can demonstrate
competence to provide pavement placement widths greater than that to the satisfaction of the
Engineer.

Curing: Curing procedures shall begin within 20 minutes after the final placement operations.
The pavement surface shall be covered with a minimum six-(6) mil thick polyethylene sheet or
other approved covering material. Prior to covering, a fog or light mist shall be sprayed above
the surface when required due to ambient conditions (high temperature, high wind, and low
humidity). The cover shall overlap all exposed edges and shall be secured (without using dirt)
to prevent dislocation due to winds or adjacent traffic conditions.

Cure Time:
1. Portland Cement Type |, Il, or IS — 7 days minimum.
2. No truck traffic shall be allowed for 10 days (no passenger car/light trucks for 7 days).

Jointing: Control (contraction) joints shall be installed at 20-foot intervals. They shall be
installed at a depth of the 1/ 4 the thickness of the pavement. These joints can be installed in
the plastic concrete or saw cut. If saw cut, the procedure should begin as soon as the
pavement has hardened sufficiently to prevent raveling and uncontrolled cracking (normally
after curing). Transverse constructions joints shall be installed whenever placing is suspended
a sufficient length of time that concrete may begin to harden. In order to assure aggregate bond
at construction joints, a bonding agent suitable for bonding fresh concrete shall be brushed,
tolled, or sprayed on the existing pavement surface edge. Isolation (expansion) joints will not be
used except when pavement is abutting slabs or other adjoining structures.
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TESTING, INSPECTION, AND ACCEPTANCE

Laboratory Testing:

The owner will retain an independent testing laboratory. The testing laboratory shall conform to
the applicable requirements of ASTM E 329 “Standard Recommended Practice for Inspection
and Testing Agencies for Concrete, Steel, and Bituminous Materials as Used in Construction”
and ASTM C 1077 “Standard Practice for Testing Concrete and Concrete Aggregates for use in
Construction, and Criteria for Laboratory Evaluation” and shall be inspected and accredited by
the Construction Materials Engineering Council, Inc. or by an equivalent recognized national
authority.

The Agent of the testing laboratory performing field sampling and testing of concrete shall be
certified by the American Concrete Institute as a Concrete Field Testing Technician Grade |, or
by a recognized state or national authority for an equivalent level of competence.

Testing and Acceptance:

A minimum of 1 gradation test of the subgrade is required every 5000 square feet to determine
percent passing the No. 200 sieve per ASTM C 117.

A minimum of one test for each day’s placement of pervious concrete in accordance with ASTM
C 172 and ASTM C 29 to verify unit weight shall be conducted. Delivered unit weights are to be
determined in accordance with ASTM C 29 using a 0.25 cubic foot cylindrical metal measure.
The measure is to be filled and compacted in accordance with ASTM C 29 paragraph 11, jigging
procedure. The unit weight of the delivered concrete shall be +/- 5 pcf of the design unit weight.

Test panels shall have two cores taken from each panel in accordance with ASTM 42 at a
minimum of seven (7) days after placement of the pervious concrete. The cores shall be
measured for thickness, void structure, and unit weight. Untrimmed, hardened core samples
shall be used to determine placement thickness. The average of all production cores shall not
be less than the specified thickness with no individual core being more than %z inch less than the
specified thickness. After thickness determination, the cores shall be trimmed and measured for
unit weight in the saturated condition as described in paragraph 6.3.1 of ‘Saturation’ of ASTM C
140 “Standard Methods of Sampling and Testing Concrete Masonry Units.” The trimmed cores
shall be immersed in water for 24 hours, allowed to drain for one (1) minute, surface water
removed with a damp cloth, then weighed immediately. Range of satisfactory unit weight values
are +/- 5 pcf of the design unit weight.

After a minimum of 7 days following each placement, three cores shall be taken in accordance
with ASTM C 42. The cores shall be measured for thickness and unit weight determined as
described above for test panels. Core holes shall be filled with concrete meeting the pervious
mix design.

References and Additional Sources

Adams, Michele (2003). Porous Asphalt Pavement with Recharge Beds: 20 Years & Still Working,
Stormwater 4, 24-32.

Backstrom, Magnus (1999). Porous Pavement in a Cold Climate, Licentiate Thesis, Lulea, Sweden:
Lulea University of Technology (http://epubl.luth.se).

363-0300-002 / December 3M06 Page 25 of 257



Pennsylvania Stormwater Best Management Practices Manual Chapter 6

Cahill, Thomas (1993). Porous Pavement with Underground Recharge Beds, Engineering Design
Manual, West Chester Pennsylvania: Cahill Associates.

Cahill, Thomas (1994). A Second Look at Porous Pavement/Underground Recharge, Watershed
Protection Techniques, 1, 76-78.

Cabhill, Thomas, Michele Adams, and Courtney Marm (2003). Porous Asphalt: The Right Choice for
Porous Pavements, Hot Mix Asphalt Technology September-October.

Ferguson, Bruce (2005). Porous Pavements, Boca Raton, Florida: CRC Press.

Florida Concrete and Products Association (no date). Construction of a Portland Cement Pervious
Pavement, Orlando: Florida Concrete and Products Association.

Hossain, Mustaque, Larry A. Scofield, and W.R. Meier, Jr. (1992). Porous Pavement for Control of
Highway Runoff in Arizona: Performance to Date, Transportation Research Record 1354, 45-54.

Jackson, Newt (2003). Porous Asphalt Pavements, Information Series 131, Lanham, Maryland:
National Asphalt Pavement Association.

Kandhal, Prithvi S. (2002). Design, Construction, and Maintenance of Open-Graded Asphalt Friction
Courses, Information Series 115, Lanham, Maryland: National Asphalt Pavement Association.

Kandhal, Prithvi S., and Rajib B. Mallick (1998). Open-Graded Asphalt Friction Course: State of the
Practice, Report No. 98-7, Auburn, Alabama: Auburn University National Center for Asphalt
Technology.

Kandhal, Prithvi S., and Rajib B. Mallick (1999). Design of New-Generation Open-Graded Friction
Courses, Report No. 99-2, Auburn, Alabama: Auburn University National Center for Asphalt
Technology.

Mallick, Rajib B., Prithvi S. Kandhal, L. Allen Cooley Jr., and Donald E. Watson (2000). Design,
Construction and Performance of New-Generation Open-Graded Friction Courses, Report No. 2000-01,
Auburn, Alabama: Auburn University National Center for Asphalt Technology.

Paine, John E. (1990). Stormwater Design Guide, Portland Cement Pervious Pavement, Orlando:
Florida Concrete and Products Association.

Smith, David R. (2001). Permeable Interlocking Concrete Pavements: Selection, Design, Construction,
Maintenance, 2™ ed., Washington: Interlocking Concrete Pavement Institute.

Tappeiner, Walter J. (1993). Open-Graded Asphalt Friction Course, Information Series 115, Lanham,
Maryland: National Asphalt Pavement Association.

Thelen, E. and Howe, L.F. (1978). Porous Pavement, Philadelphia: Franklin Institute Press.

363-0300-002 / December 3M06 Page 26 of 257



Pennsylvania Stormwater Best Management Practices Manual Chapter 6

BMP 6.4.2: Infiltration Basin

Gntly Slaplng Sides

An Infiltration Basin is a shallow impoundment that
stores and infiltrates runoff over a level, uncooipd,
(preferably undisturbed area) with relatively peaie
soils.

Key Design Elements

Potential Applications

* Maintain a minimum 2-foot separation to bedrock and seasonally Residential: Yes

high water table, provide distributed infiltration area (5:1 Commercial: Yes

impervious area to infiltration area - maximum), site on natural, Ultra Urban: Limited

uncompacted soils with acceptable infiltration capacity, and follow Industrial: Yes*

other guidelines described in Protocol 2: Infiltration Systems Retrofit: Yes

Guidelines Highway/Road: Limited

» Uncompacted sub-grade Z Applicable with specific consideration to
esign.

* Infiltration Guidelines and Soil Testing Protocols apply
Stormwater Functions

* Preserve existing vegetation, if possible

* Design to hold/infiltrate volume difference in 2-yr storm or 1.5”

storm Volume Reduction: High
* Provide positive stormwater overflow through engineered outlet Recharge: High
structure. Peak Rate Control: Med./High

Do not install on recently placed fill (<5 years). Water Quality: High

* Allow 2 ft buffer between bed bottom and seasonal high
groundwater table and 2 ft buffer for rock.

Water Quality Functions

* When possible, place on upland soils.

TSS: 85%
TP: 85%
NO3: 30%

Other Considerations

. Protocol 1. Site Evaluation and Soil Infiltration Testing andProtocol 2. Infiltration Systems
Guidelinesshould be followed, see Appendix C
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Description

Infiltration Basins are shallow, impounded areas designed to temporarily store and infiltrate stormwater
runoff. The size and shape can vary from one large basin to multiple, smaller basins throughout a site.
Ideally, the basin should avoid disturbance of existing vegetation. If disturbance is unavoidable,
replanting and landscaping may be necessary and should integrate the existing landscape as subtly as
possible and compaction of the soil must be prevented (see Infiltration Guidelines). Infiltration Basins
use the existing soil mantle to reduce the volume of stormwater runoff by infiltration and
evapotranspiration. The quality of the runoff is also improved by the natural cleansing processes of the
existing soil mantle and also by the vegetation planted in the basins. The key to promoting infiltration is
to provide enough surface area for the volume of runoff to be absorbed to meet the criteria in Chapter
3. An engineered overflow structure should be provided for the larger storms.
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Variations

e Re-Vegetation
For existing unvegetated areas or for infiltration basins that require excavation, vegetation may
be added. Planting in the infiltration area will improve water quality, encourage infiltration, and
promote evapotranspiration. This vegetation may range from a meadow mix to more substantial
woodland species. The planting plan should be sensitive to hydrologic variability anticipated in
the basin, as well as to larger issues of native plants and habitat, aesthetics, and other planting
objectives. The use of turf grass is discouraged due to soil compaction from the required
frequent mowing and maintenance requirements.

o Usable Surface
An Infiltration Basin can be used for recreation (usually informal) in dry periods. Heavy
machinery and/or vehicular traffic of any type should be avoided so as not to compact the
infiltration area.

« Soils with Poor Infiltration Rates
A layer of sand (6”) or gravel can be placed on the bottom of the Infiltration Basin, or the soil can
be amended to increase the surface permeability of the basin. (See Soil Amendment &
Restoration BMP 6.7.3 for details.)

Applications

o New Development
Infiltration Basins can be incorporated into new development. Ideally, existing vegetation can
be preserved and utilized as the infiltration area. Runoff from adjacent buildings and impervious
surfaces can be directed into this area, which will “water” the vegetation, thereby increasing
evapotranspiration in addition to encouraging infiltration.

+ Retrofitting existing “lawns” and “open space”
Existing grassed areas can be converted to infiltration basins. If the soil and infiltration capacity
is determined to be sufficient, the area can be enclosed through creation of a berm and runoff
can be directed to it without excavation. Otherwise, excavation can be performed as described
below.

e Other Applications
Other applications of Infiltration Basins may be determined by the Design Professional as
appropriate.

Design Considerations

1. Soil Investigation and Infiltration Testing is required; site selection for this BMP should take soll
and infiltration capacity into consideration.

2. Guidelines for Infiltration Systems should be met (i.e., depth to water table, setbacks, Loading
Rates, etc.)

3. Basin designs that do not remove existing soil and/or vegetation are preferred.
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4. The slope of the Infiltration Basin bottom should be level or with a slope no greater than 1%. A
level bottom assures even water distribution and infiltration.

5. Basins may be constructed where impermeable soils on the surface are removed and where
more permeable underlying soils then are used for the base of the bed; care must be taken in
the excavation process to make sure that soil compaction does not occur.

6. The discharge or overflow from the Infiltration Basin should be properly designed for anticipated
flows. Large infiltration basins may require multiple outlet control devices to effectively overflow

water during the larger storms. See BMP 6.3.3 for more information on overflows and berms.

7. The berms surrounding the basin should be compacted earth with a slope of not steeper than
3:1(H:V), and a top width of at least 2 feet.

8. At least one foot of freeboard above the 100-year storm water elevation should be maintained.

9. Infiltration basins can be planted with natural grasses, meadow mix, or other “woody” mixes,
such as trees or shrubs. These plants have longer roots than traditional grass and increase soil
permeability. Native plants should be used wherever possible.

10. Use of fertilizer should be avoided.

11. The surface should be compacted as little as possible to allow for surface percolation through
the soil layer.

12. When directing runoff from roadway areas into the basin, measures to reduce sediment should
be used.

13. The inlets into the basin should have erosion protection.

14. Contributing inlets (up gradient) may have a sediment trap or water quality insert to prevent
large patrticles from clogging the system based on the quality of the runoff.

15. Use of a backup underdrain or low-flow orifice may be considered in the event that the water in

the basin does not drain within the criteria in Chapter 3. This underdrain valve should remain in
the shut position unless the basin does not drain.

Detailed Stormwater Functions
Infiltration Area

The loading rate guidelines in Appendix C shoulabesulted
The Infiltration Area is the bottom area of the bed.
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Volume Reduction Calculations
Volume = Depth* (ft) x Area (sf)
*Depth is the depth of the water stored during a storm event, depending on the drainage area and
conveyance to the bed.
Infiltration Volume = Bed Bottom Area (sf) x Infiltration design rate (in/hr)
x Infiltration period* (hr) x (1/12)
*Infiltration Period is equal to 2 hours or tne time of concentration, whichever is larger.

Peak Rate Mitigation Calculations: ~ See Chapter 8 for Peak Rate Mitigation methodology which
addresses link between volume reduction and peak rate control.

Water Quality Improvement:  See Chapter 8 for Water Quality Improvement methodology, which
addresses pollutant removal effectiveness of this BMP.
Construction Sequence
1. Protect Infiltration basin area from compaction prior to installation.
2. If possible, install Infiltration basin during later phases of site construction to prevent
sedimentation and/or damage from construction activity. After installation, prevent sediment-
laden water from entering inlets and pipes.

3. Install and maintain proper Erosion and Sediment Control Measures during construction.

4. If necessary, excavate Infiltration basin bottom to an uncompacted subgrade free from rocks
and debris. Do NOT compact subgrade.

5. Install Outlet Control Structures.
6. Seed and stabilize topsoil. (Vegetate if appropriate with native plantings.)
7. Do not remove Inlet Protection or other Erosion and Sediment Control measures until site is fully
stabilized.
Maintenance and Inspection Issues

« Catch Basins and Inlets (upgradient of infiltration basin) should be inspected and cleaned at
least two times per year and after runoff events.

e The vegetation along the surface of the Infiltration basin should be maintained in good condition,
and any bare spots revegetated as soon as possible.

e Vehicles should not be parked or driven on an Infiltration Basin, and care should be taken to
avoid excessive compaction by mowers.

o Inspect the basin after runoff events and make sure that runoff drains down within 72 hours.
Mosquito’s should not be a problem if the water drains in 72 hours. Mosquitoes require a
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considerably long breeding period with relatively static water levels.

e Also inspect for accumulation of sediment, damage to outlet control structures, erosion control
measures, signs of water contamination/spills, and slope stability in the berms.

« Mow only as appropriate for vegetative cover species.

« Remove accumulated sediment from basin as required. Restore original cross section and
infiltration rate. Properly dispose of sediment.

Cost Issues

The construction cost of Infiltration Basins can vary greatly depending on the configuration, location,
site-specific conditions, etc.

Excavation (if necessary) - varies

Plantings - Meadow mix $2500 - $3500 / acre (2005)

Pipe Configuration — varies with stormwater configuration, may need to redirect pipes into the infiltration
basin.

Specifications

The following specifications are provided for information purposes only. These specifications include
information on acceptable materials for typical applications, but are by no means exclusive or limiting.
The designer is responsible for developing detailed specifications for individual design projects in

accordance with the project conditions.

1. Topsoil amend with compost if necessary or desired. (See Soil Amendment & Restoration BMP
6.7.2)

2. Vegetation See Native Plant List available locally, and/or see Appendix B.
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BMP 6.4.3: Subsurface Infiltration Bed

Subsurface Infiltration Beds provide temporary storage
and infiltration of stormwater runoff by placing storage
media of varying types beneath the proposed surface
grade. Vegetation will help to increase the amount of
evapotranspiration taking place.

i . . .
Key Design Elements Potential Applications

Residential: Yes
Commercial: Yes

* Maintain a minimum 2-foot separation to bedrock and seasonally Ultra Urban: Yes
high water table, provide distributed infiltration area (5:1 Industrial: Yes
impervious area to infiltration area - maximum), site on natural, Retrofit: Yes
uncompacted soils with acceptable infiltration capacity, and follow Highway/Road: Limited
other guidelines described in Protocol 2: Infiltration Systems

Guidelines

* Beds filled with stone (or alternative) as needed to increase void

space Stormwater Functions

* Wrapped in nonwoven geotextile

* Level or nearly level bed bottoms Volume Reduction: High
Recharge: High

) ) ) ) Peak Rate Control: Med./High
‘Protect from sedimentation during construction Water Quality: High

* Provide positive stormwater overflow from beds

* Provide perforated pipe network along bed bottom for distribution
as necessary

- Open-graded, clean stone with minimum 40% void space Water Quality Functions

* Do not place bed bottom on compacted fill

« Allow 2 ft. buffer between bed bottom and seasonal high

groundwater table and 2 ft. for bedrock. TSS: 85%
TP: 85%

NO3: 30%

Other Considerations

. Protocol 1. Site Evaluation and Soil Infiltration Testing and Protocol 2. Infiltration Systems
Guidelines should be followed, see Appendix C
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Description

A Subsurface Infiltration Bed generally consists of a vegetated, highly pervious soil media underlain by
a uniformly graded aggregate (or alternative) bed for temporary storage and infiltration of stormwater
runoff. Subsurface Infiltration beds are ideally suited for expansive, generally flat open spaces, such as
lawns, meadows, and playfields, which are located downhill from nearby impervious areas. Subsurface
Infiltration Beds can be stepped or terraced down sloping terrain provided that the base of the bed
remains level. Stormwater runoff from nearby impervious areas (including rooftops, parking lots, roads,
walkways, etc.) can be conveyed to the subsurface storage media, where it is then distributed via a
network of perforated piping.

The storage media for subsurface infiltration beds typically consists of clean-washed, uniformly graded
aggregate. However, other storage media alternatives are available. These alternatives are generally
variations on plastic cells that can more than double the storage capacity of aggregate beds, at a
substantially increased cost. Storage media alternatives are ideally suited for sites where potential
infiltration area is limited.

If designed, constructed, and maintained as per the following guidelines, Subsurface Infiltration features
can stand-alone as significant stormwater runoff volume, rate, and quality control practices. These
systems can also maintain aquifer recharge, while preserving or creating valuable open space and
recreation areas. They have the added benefit of functioning year-round, given that the infiltration
surface is typically below the frost line.

Variations

As its name suggests, Subsurface Infiltration is generally employed for temporary storage and
infiltration of runoff in subsurface storage media. However, in some cases, runoff may be temporarily
stored on the surface (to depths less than 6 inches) to enhance volume capacity of the system. The
overall system design should ensure that within the criteria in Chapter 3, the bed is completely empty.

Applications

Connection of Roof Leaders

Runoff from nearby roofs may be directly conveyed to subsurface beds via roof leader connections to
perforated piping. Roof runoff generally has relatively low sediment levels, making it ideally suited for
connection to an infiltration bed. However, cleanout(s) with a sediment sump are still recommended
between the building and infiltration bed.

Connection of Inlets Vs S
Catch Basins, inlets, and area drains may be connected to f ) =3
Subsurface Infiltration beds. However, sediment and
debris removal should be provided. Storm structures
should therefore include sediment trap areas below the
inverts of discharge pipes to trap solids and debris. In
areas of high traffic or excessive generation of sediment,
litter, and other similar materials, a water quality insert or
other pretreatment device may be needed.
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Under Recreational Fields

Subsurface Infiltration is very well suited below
playfields and other recreational areas. Special
consideration should be given to the engineered
soil mix in those cases.

Under Open Space

Subsurface Infiltration is also appropriate in either
existing or proposed open space areas. ldeally,
these areas are vegetated with native grasses
and/or vegetation to enhance site aesthetics and
landscaping. Aside from occasional clean-outs or
outlet structures, Subsurface Infiltration systems
are essentially hidden stormwater management
features, making them ideal for open space locations (deed-restricted open space locations are
especially desirable because such locations minimize the chance that Subsurface Infiltration systems
will be disturbed or disrupted accidentally in the future).

Other Applications
Other applications of Subsurface Infiltration beds may be determined by the Design Professional as
appropriate.

Design Considerations
1. Saoil Investigation and Infiltration Testing is needed (Appendix C).
2. Guidelines for Infiltration Systems should be met (Appendix C).

3. The overall site should be evaluated for potential Subsurface Infiltration areas early in the
design process, as effective design requires consideration of existing site characteristics
(topography, natural features/drainage ways, soils, geology, etc.).

4. Control of Sediment is critical. Rigorous installation and maintenance of erosion and sediment
control measures is needed to prevent sediment deposition within the stone bed. Nonwoven
geotextile may be folded over the edge of the bed until the site is stabilized.

5. The Infiltration bed should be
wrapped in non-woven geotextile
Native grasses, meadow,

filter fabric. or other low-growing,
dense vegetation
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7. The subsurface infiltration bed is typically comprised of a 12 to 36 inch section of aggregate,
such as AASHTO No.3, which ranges 1-2 inches in gradation. Depending on local aggregate
availability, both larger and smaller size aggregate has been used. The critical requirements
are that the aggregate be uniformly graded, clean-washed, and contain at least 40% void space.
The depth of the bed is a function of stormwater storage requirements, frost depth
considerations, and site grading. Infiltration beds are typically sized to mitigate the increased
runoff volume from the design storm.

Inlek
il
L fr 1 1 1
...- \ I. i | mll
Stone Bed el el Overflow
with Outlet
Geotextile

underneath

i

Perforated
Fipe !
g e -Sediment
Uncompacted Trap
Bed Bottom

8. Water Quality Inlet or Catch Basin with Sump is needed for all surface inlets, should be
designed to avoid standing water for periods greater than the criteria in Chapter 3.

9. Infiltration beds may be placed on a slope by benching or terracing infiltration levels. The slope
of the infiltration bed bottom should be level or with a slope no greater than 1%. A level bottom
assures even water distribution and infiltration.

10. Perforated pipes along the bottom of the bed can be used to evenly distribute runoff over the
entire bed bottom. Continuously perforated pipes may connect structures (such as cleanouts
and inlet boxes). Pipes should lay flat along the bed bottom and provide for uniform distribution
of water. Depending on size, these pipes may provide additional storage volume.

11. Cleanouts or inlets should be installed at a few locations within the bed and at appropriate
intervals to allow access to the perforated piping network and or storage media.

12. All infiltration beds should be designed with an overflow for extreme storm events. Control in the
beds is usually provided in the form of an outlet control structure. A modified inlet box with an
internal concrete weir (or weir plate) and low-flow orifice is a common type of control structure.
The specific design of these structures may vary, depending on factors such as rate and
storage requirements, but it must always include positive overflow from the system. The
overflow structure is used to maximize the water level in the stone bed, while providing sufficient
cover for overflow pipes. Generally, the top of the outlet pipe should be 4 inches below the top
of the aggregate to prevent saturated soil conditions in remote areas of the bed. As with all
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infiltration practices, multiple discharge points are recommended. These may discharge to the
surface or a storm sewer system.

13. Adequate soil cover (generally 12 - 18 inches) should be maintained above the infiltration bed to
allow for a healthy vegetative cover.

14. Open space overlying infiltration beds can be vegetated with native grasses, meadow mix, or
other low-growing, dense vegetation. These plants have longer roots than traditional grass and
will likely benefit from the moisture in the infiltration bed, improving the growth of these plantings
and, potentially increasing evapotranspiration.

15. Fertilizer use should be minimized.

16. The surface (above the stone bed) should be compacted as minimally as possible to allow for
surface percolation through the engineered soil layer and into the stone bed.

17. When directing runoff from roadway areas into the beds, measures to reduce sediment should
be used.

18. Surface grading should be relatively flat, although a relatively mild slope between 1% and 3% is
recommended to facilitate drainage.

19. In those areas where the threat of spills and groundwater contamination exists, pretreatment
systems, such as filters and wetlands, may be needed before any infiltration occurs. In Hot
Spot areas, such as truck stops and fueling stations, the suitability of Subsurface Infiltration
must be considered.

20. In areas with poorly-draining soils, Subsurface Infiltration areas may be designed to slowly
discharge to adjacent wetlands or bioretention areas.

21. While most Subsurface Infiltration areas consist of an aggregate storage bed, alternative
subsurface storage products may also be employed. These include a variety of proprietary,
interlocking plastic units that contain much greater storage capacity than aggregate, at an
increased cost.

22. The subsurface bed and overflow may be designed and evaluated in the same manner as a
detention basin to demonstrate the mitigation of peak flow rates. In this manner, detention
basins may be eliminated or significantly reduced in size.

23. During Construction, the excavated bed may serve as a Temporary Sediment Basin or Trap.
This can reduce overall site disturbance. The bed should be excavated to at least 1 foot above
the final bed bottom elevation for use as a sediment trap or basin. Following construction and
site stabilization, sediment should be removed and final grades established. In BMPs that will
be used for infiltration in the future, use of construction equipment should be limited as much as
possible.
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Detailed Stormwater Functions

Infiltration Area

Loading rate quidelines in Appendix C should be consulted.
The Infiltration Area is the bottom area of the bed, defined as:

Length of bed x Width of bed = Infiltration Area (if rectangular)

Volume Reduction Calculations

Volume = Depth* (ft) x Area (sf) x Void Space
*Depth is the depth of water stored during a storm event, depending on the drainage area and
conveyance to the bed.

Infiltration Volume = Bed Bottom Area (sf) x Infiltration design rate (in/hr)

X Infiltration period* (hr) x (1/12)
*Infiltration Period is equal to 2 hours or the time of concentration, whichever is larger.
Additional storage/volume reduction can be calculated for the overlying soil as appropriate.

Peak Rate Mitigation Calculations

See in Chapter 8 for Peak Rate Mitigation methodology which addresses link between volume
reduction and peak rate control.

Water Quality Improvement:  See in Chapter 8 for Water Quality Improvement methodology, which
addresses pollutant removal effectiveness of this BMP.

Construction Sequence

1. Due to the nature of construction sites, Subsurface Infiltration should be installed toward the end
of the construction period, if possible. (Infiltration beds may be used as temporary sediment
basins or traps as discussed above).

2. Install and maintain adequate Erosion and Sediment Control Measures (as per the
Pennsylvania Erosion and Sedimentation Control Program Manual) during construction.

3. The existing subgrade under the bed areas should NOT be compacted or subject to excessive
construction equipment traffic prior to geotextile and stone bed placement.

4. Where erosion of subgrade has caused accumulation of fine materials and/or surface ponding,
this material should be removed with light equipment and the underlying soils scarified to a
minimum depth of 6 inches with a York rake (or equivalent) and light tractor. All fine grading
should be done by hand. All bed bottoms should be at level grade.

5. Earthen berms (if used) between infiltration beds should be left in place during excavation.
These berms do not require compaction if proven stable during construction.
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6. Install upstream and downstream control structures, cleanouts, perforated piping, and all other
necessary stormwater structures.

7. Geotextile and bed aggregate should be placed immediately after approval of subgrade
preparation and installation of structures. Geotextile should be placed in accordance with
manufacturer’s standards and recommendations. Adjacent strips of geotextile should overlap a
minimum of 16 inches. It should also be secured at least 4 feet outside of bed in order to
prevent any runoff or sediment from entering the storage bed. This edge strip should remain in
place until all bare soils contiguous to beds are stabilized and vegetated. As the site is fully
stabilized, excess geotextile along bed edges can be cut back to the edge of the bed.

8. Clean-washed, uniformly graded aggregate should be placed in the bed in maximum 8-inch lifts.
Each layer should be lightly compacted, with construction equipment kept off the bed bottom as
much as possible.

9. Approved soil media should be placed over infiltration bed in maximum 6-inch lifts.
10. Seed and stabilize topsoil.

11. Do not remove inlet protection or other Erosion and Sediment Control measures until site is fully
stabilized.

Maintenance Issues

Subsurface Infiltration is generally less maintenance intensive than other practices of its type.
Generally speaking, vegetation associated with Subsurface Infiltration practices is less substantial than
practices such as Recharge Gardens and Vegetated Swales and therefore requires less maintenance.
Maintenance activities required for the subsurface bed are similar to those of any infiltration system and
focus on regular sediment and debris removal. The following represents the recommended
maintenance efforts:

« All Catch Basins and Inlets should be inspected and cleaned at least 2 times per year.

« The overlying vegetation of Subsurface Infiltration features should be maintained in good
condition, and any bare spots revegetated as soon as possible.

* Vehicular access on Subsurface Infiltration areas should be prohibited, and care should be
taken to avoid excessive compaction by mowers. If access is needed, use of permeable, turf
reinforcement should be considered.

Cost Issues
The construction cost of Subsurface Infiltration can vary greatly depending on design variations,
configuration, location, desired storage volume, and site-specific conditions, among other factors.

Typical construction costs are about $5.70 per square foot, which includes excavation, aggregate (2.0
feet assumed), non-woven geotextile, pipes and plantings.
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Specifications

The following specifications are provided for information purposes only. These specifications include
information on acceptable materials for typical applications, but are by no means exclusive or limiting.
The designer is responsible for developing detailed specifications for individual design projects in
accordance with the project conditions.

1. Stone for infiltration beds shall be 2-inch to 1-inch uniformly graded coarse aggregate, with a
wash loss of no more than 0.5%, AASHTO size number 3 per AASHTO Specifications, Part |,
19th Ed., 1998, or later and shall have voids 40% as measured by ASTM-C29.

2. Non-Woven Geotextile shall consist of needled non-woven polypropylene fibers and meet the
following properties:

a. Grab Tensile Strength (ASTM-D4632) 120 Ibs

b. Mullen Burst Strength (ASTM-D3786) 225 psi

c. Flow Rate (ASTM-D4491) 95 gal/min/ft?
d. UV Resistance after 500 hrs (ASTM-D4355) 70%

e. Heat-set or heat-calendared fabrics are not permitted

Acceptable types include Mirafi 140N, Amoco 4547, and Geotex 451.
3. Topsoil may be amended with compost (See soil restoration BMP 6.7.2)

4. Pipe shall be continuously perforated, smooth interior, with a minimum inside diameter of 6-
inches. High-density polyethylene (HDPE) pipe shall meet AASHTO M252, Type S or AASHTO
M294, Type S.

5. Storm Drain Inlets and Structures
a. Concrete Construction: Concrete construction shall be in accordance with Section 1001,
PennDOT Specifications, 1990 or latest edition.
b. Precast Concrete Inlets and Manholes: Precast concrete inlets may be substituted for
cast-in-place structures and shall be constructed as specified for cast-in-place.

Precast structures may be used in only those areas where there is no conflict with
existing underground structures that may necessitate revision of inverts. Type M
standard PennDOT inlet boxes will be modified to provide minimum 12 inch sump
storage and bottom leaching basins, open to gravel sumps in sub-grade, when situated
in the recharge bed.

c. All PVC Catch Basins/Cleanouts/Inline Drains shall have H-10 or H-20 rated grates,
depending on their placement (H-20 if vehicular loading).

d. Steel reinforcing bars over the top of the outlet structure shall conform to ASTM A615,
grades 60 and 40.

e. Permanent turf reinforcement matting shall be installed according to manufacturers’
specifications.

6. Alternative storage media: _ Follow appropriate Manufacturers’ specifications.

7. Vegetation see Local Native Plant List and Appendix B.
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BMP 6.4.4: Infiltration Trench

An Infiltration Trench is a “leaky” pipe in a stone filled
trench with a level bottom. An Infiltration Trench may be
used as part of a larger storm sewer system, such as a
relatively flat section of storm sewer, or it may serve as a
portion of a stormwater system for a small area, such as a
portion of a roof or a single catch basin. In all cases, an
Infiltration Trench should be designed with a positive
overflow.

Key Design Elements

Potential Applications

Residential: Yes
Commercial: Yes
Ultra Urban: Yes

Industrial: Yes
Retrofit: Yes

* Continuously perforated pipe set at a minimum slope in a stone Highway/Road: Yes

filled, level-bottomed trench

* Limited in width (3 to 8 feet) and depth of stone (6 feet max.
recommended) Stormwater Functions

* Trench is wrapped in nonwoven geotextile (top, sides, and
bottom)

* Placed on uncompacted soils

Volume Reduction: Medium
Recharge: High

* Minimum cover over pipe is as per manufacturer. Peak Rate Control: Medium

» A minimum of 6" of topsoil is placed over trench and vegetated Water Quality: High

* Positive Overflow always provided
Deed restrictions recommended
Not for use in hot spot areas without pretreatment

Water Quality Functions

TSS: 85%
TP: 85%
NO3: 30%

Other Considerations

. Protocol 1. Site Evaluation and Soil Infiltration Testing and Protocol 2. Infiltration Systems
Guidelines should be followed, see Appendix C
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Description

An Infiltration Trench is a linear stormwater BMP consisting of a continuously perforated pipe at a
minimum slope in a stone-filled trench (Figure 6.4-1). Usually an Infiltration Trench is part of a
conveyance system and is designed so that large storm events are conveyed through the pipe with
some runoff volume reduction. During small storm events, volume reduction may be significant and
there may be little or no discharge. All Infiltration Trenches are designed with a positive overflow
(Figure 6.4-2).

An Infiltration Trench differs from an Infiltration Bed in that it may be constructed without heavy
equipment entering the trench. It is also intended to convey some portion of runoff in many storm
events.
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Figure 6.4-2

All Infiltration Trenches should be designed in accordance with Appendix C. Although the width and
depth can vary, it is recommended that Infiltration Trenches be limited in depth to not more than six (6)
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feet of stone. This is due to both construction issues and Loading Rate issues (as described in the
Guidelines for Infiltration Systems). The designer should consider the appropriate depth.

Variations

Infiltration Trenches generally have a vegetated (grassed) or gravel surface. Infiltration Trenches also
may be located alongside or adjacent to roadways or impervious paved areas with proper design. The
subsurface drainage direction should be to the downhill side (away from subbase of pavement), or
located lower than the impervious subbase layer. Proper measures should be taken to prevent water
infiltrating into the subbase of impervious pavement.

Infiltration Trenches may also be located down a mild slope by “stepping” the sections between control
structures as shown in Figure 6.4-3. A level or nearly level bottom is recommended for even
distribution.

Figure 6.4-3
Applications

e Connection of Roof Leaders
Roof leaders may be connected to Infiltration Trenches.
Roof runoff generally has lower sediment levels and often is
ideally suited for discharge through an Infiltration Trench. A
cleanout with sediment sump should be provided between
the building and Infiltration Trench.

INFILTRATION TRENCH
UNDER PLANTING AREA

. Connection of Inlets

Catch Basins, inlets and area drains may be connected to
Infiltration Trenches, however sediment and debris removal itind,
should be addressed. Structures should include a sediment
trap area below the invert of the pipe for solids and debris.

In areas of high traffic or areas where excessive sediment,
litter, and other similar materials may be generated, a water = Mg el
quality insert or other pretreatment device is needed. : Py

« In Combination with Vegetative Filters
An Infiltration Trench may be preceded by or used in
combination with a Vegetative Filter, Grassed Swale, or
other vegetative element used to reduce sediment levels
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from areas such as high traffic roadways. Design should ensure proper functioning of vegetative
system.

e Other Applications
Other applications of Infiltration Trenches may be determined by the design professional as
appropriate.

Design Considerations

1. Soil Investigation and Percolation Testing is required (see Appendix C, Protocol 2)

2. Guidelines for Infiltration Systems should be met (i.e., depth to water table, setbacks, Loading
Rates, etc. See Appendix C, Protocol 1)

3. Water Quality Inlet or Catch Basin with Sump (see Section 6.6.4) recommended for all surface
inlets, designed to avoid standing water for periods greater than the criteria in Chapter 3.

4. A continuously perforated pipe should extend the length of the trench and have a positive flow
connection designed to allow high flows to be conveyed through the Infiltration Trench.

5. The slope of the Infiltration Trench bottom should be level or with a slope no greater than 1%.
The Trench may be constructed as a series of “steps” if necessary. A level bottom assures
even water distribution and infiltration.

6. Cleanouts or inlets should be installed at both ends of the Infiltration Trench and at appropriate
intervals to allow access to the perforated pipe.

7. The discharge or overflow from the Infiltration Trench should be properly designed for
anticipated flows.

Detailed Stormwater Functions

Infiltration Area
The Infiltration Area is the bottom area of the Trench*, defined as:
Length of Trench x Width of Trench = Infiltration Area (Bottom Area)

This is the area to be considered when evaluating the Loading Rate to the Infiltration Trench.
* Some credit can be taken for the side area that is frequently inundated as appropriate.

Volume Reduction Calculations

Volume = Depth* (ft) x Area (sf) x Void Space
*Depth is the depth of the water surface during a storm event, depending on the drainage area and
conveyance to the bed.

Infiltration Volume = Bed Bottom Area (sf) x Infiltration design rate (in/hr)

x Infiltration period* (hr) x (1/12)
*Infiltration Period is the time when bed is receiving runoff and capable of infiltration. Not to exceed 72
hours.

The void ratio in stone is approximately 40% for AASTO No 3. If the conveyance pipe is within the

Storage Volume area, the volume of the pipe may also be included. All Infiltration Trenches should be
designed to infiltrate or empty within 72 hours.
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Peak Rate Mitigation Calculations
See Chapter 8 for Peak Rate Mitigation methodology which addresses link between volume reduction
and peak rate control.

Water Quality Improvement
See Chapter 8 for Water Quality Improvement methodology which addresses pollutant removal
effectiveness of this BMP.

Construction Sequence

1. Protect Infiltration Trench area from compaction prior to installation.

2. If possible, install Infiltration Trench during later phases of site construction to prevent
sedimentation and/or damage from construction activity. After installation, prevent sediment
laden water from entering inlets and pipes.

3. Install and maintain proper Erosion and Sediment Control Measures during construction.

4. Excavate Infiltration Trench bottom to a uniform, level uncompacted subgrade free from rocks
and debris. Do NOT compact subgrade.

5. Place nonwoven geotextile along bottom and sides of trench*. Nonwoven geotextile rolls should

overlap by a minimum of 16 inches within the trench. Fold back and secure excess geotextile

during stone placement.

Install upstream and downstream Control Structures, cleanouts, etc.

Place uniformly graded, clean-washed aggregate in 8-inch lifts, lightly compacting between lifts.

Install Continuously Perforated Pipe as indicated on plans. Backfill with uniformly graded,

clean-washed aggregate in 8-inch lifts, lightly compacting between lifts.

9. Fold and secure nonwoven geotextile over Infiltration Trench, with minimum overlap of 16-
inches.

10. Place 6-inch lift of approved Topsoil over Infiltration Trench, as indicated on plans.

11. Seed and stabilize topsoil.

12. Do not remove Inlet Protection or other Erosion and Sediment Control measures until site is fully
stabilized.

13. Any sediment that enters inlets during construction is to be removed within 24 hours.

©o N
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(from left to right) Installation of Inlets and Control Structure; Non-woven Geotextile is folded over Infiltration
Trench; Stabilized Site

(Clockwise from top left) Infiltration Trench is on downhill side of roadway; Infiltration Trench is installed;
Infiltration Trench is paved with standard pavement material
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Maintenance and Inspection Issues

- Catch Basins and Inlets should be inspected and cleaned at least 2 times per year.

« The vegetation along the surface of the Infiltration Trench should be maintained in good
condition, and any bare spots revegetated as soon as possible.

» Vehicles should not be parked or driven on a vegetated Infiltration Trench, and care should be
taken to avoid excessive compaction by mowers.

Cost Issues

The construction cost of infiltration trenches can vary greatly depending on the configuration, location,
site-specific conditions, etc. Typical construction costs in 2003 dollars range from $4 - $9 per cubic foot
of storage provided (SWRPC, 1991; Brown and Schueler, 1997). Annual maintenance costs have
been reported to be approximately 5 to 10 percent of the capital costs (Schueler, 1987).

Specifications

The following specifications are provided for information purposes only. These specifications include
information on acceptable materials for typical applications, but are by no means exclusive or limiting.
The designer is responsible for developing detailed specifications for individual design projects in
accordance with the project conditions.

1. Stone for infiltration trenches shall be 2-inch to 1-inch uniformly graded coarse aggregate, with a
wash loss of no more than 0.5%, AASHTO size number 3 per AASHTO Specifications, Part |,
19th Ed., 1998, or later and shall have voids 40% as measured by ASTM-C29.

2. Non-Woven Geotextile shall consist of needled nonwoven polypropylene fibers and meet the
following properties:
a. Grab Tensile Strength (ASTM-D4632)
b. Mullen Burst Strength (ASTM-D3786)
c. Flow Rate (ASTM-D4491)
d
e

UV Resistance after 500 hrs (ASTM-D4355) 70%
Heat-set or heat-calendared fabrics are not permitted
Acceptable types include Mirafi 140N, Amoco 4547, and Geotex 451.
3. Pipe shall be continuously perforated, smooth interior, with a minimum inside diameter of 8-
inches. High-density polyethylene (HDPE) pipe shall meet AASHTO M252, Type S or AASHTO
M294, Type S.
References
Brown and Schueler, Stormwater Management Fact Sheet: Infiltration Trench. 1997.

Schueler, T., 1987. Controlling urban runoff: a practical manual for planning and designing urban
BMPs, Metropolitan Washington Council of Governments, Washington, DC

SWRPC, The Use of of Best Management Practices (BMPs) in Urban Watersheds, US Environmental
Protection Agency,1991.
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BMP 6.4.5: Rain Garden/Bioretention

Chapter 6

RECHARGE GARDEN / BIORETENTION BED

Pipe connected to Roof Drains

Domed Riser for Overflow

A Rain Garden (also called
Bioretention) is an excavated shallow
surface depression planted with
specially selected native vegetation to
treat and capture runoff.

Key Design Elements

- Flexible in terms of size and infiltration

 Ponding depths generally limited to 12 inches or less for
aesthetics, safety, and rapid draw down. Certain situations may
allow deeper ponding depths.

- Deep rooted perennials and trees encouraged

* Native vegetation that is tolerant of hydrologic variability, salts and
environmental stress

* Modify soil with compost.

* Stable inflow/outflow conditions

* Provide positive overflow

* Maintenance to ensure long-term functionality

Potential Applications

Residential: Yes Yes
Commercial: Ultra
Urban: Industrial:
Retrofit: ¢ YeS

Highway/Road:

Stormwater Functions

Volume Reduction: Medium
Recharge: Med./High
Peak Rate Control: Low/Med.
Water Quality: Med./High

Water Quality Functions

TSS: TP: 85% 85%

NO3: 30%

Other Considerations

. Protocol 1. Site Evaluation and Soil Infiltration Testing and Protocol 2. Infiltration Systems

Guidelines should be followed, see Appendix C
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Description

Bioretention is a method of treating stormwater by pooling water on the surface and allowing filtering
and settling of suspended solids and sediment at the mulch layer, prior to entering the
plant/soil/microbe complex media for infiltration and pollutant removal. Bioretention techniques are
used to accomplish water quality improvement and water quantity reduction. Prince George’s County,
Maryland, and Alexandria, Virginia have used this BMP since 1992 with success in many urban and
suburban settings.

Bioretention can be integrated into a site with a high degree of flexibility and can balance nicely with
other structural management systems, including porous asphalt parking lots, infiltration trenches, as
well as non-structural stormwater BMPs described in Chapter 5.

The vegetation serves to filter (water quality) and transpire (water quantity) runoff, and the root systems
can enhance infiltration. The plants take up pollutants; the soil medium filters out pollutants and allows
storage and infiltration of stormwater runoff; and the bed provides additional volume control. Properly
designed bioretention techniques mimic natural ecosystems through species diversity, density and
distribution of vegetation, and the use of native species, resulting in a system that is resistant to insects,
disease, pollution, and climatic stresses.

Rain Gardens / Bioretention function to:

« Reduce runoff volume

o Filter pollutants, through both soil particles (which trap pollutants) and plant material (which take
up pollutants)

e Recharge groundwater by infiltration

o Reduce stormwater temperature impacts

o Enhance evapotranspiration

« Enhance aesthetics

o Provide habitat
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Primary Components of a Rain Garden/Bioretention Sy  stem
The primary components (and subcomponents) of a rain garden/bioretention system are:

Pretreatment (optional)

Sheet flow through a vegetated buffer strip, cleanout, water quality inlet, etc. prior to entry into
the Rain Garden

Flow entrance

Varies with site use (e.g., parking island versus residential lot applications)
Water may enter via an inlet (e.g., flared end section)

Sheet flow into the facility over grassed areas

Curb cuts with grading for sheet flow entrance

Roof leaders with direct surface connection

Trench drain

Entering velocities should be non-erosive.

Ponding area

Provides temporary surface storage of runoff
Provides evaporation for a portion of runoff
Design depths allow sediment to settle
Limited in depth for aesthetics and safety

Plant material

Evapotranspiration of stormwater

Root development and rhizome community create pathways for infiltration

Bacteria community resides within the root system creating healthy soil structure with water
quality benefits

Improves aesthetics for site

Provides habitat for animals and insects

Reinforces long-term performance of subsurface infiltration

Should be tolerant of salts if in a location that would receive snow melt chemicals

Organic layer or mulch

Acts as a filter for pollutants in runoff

Protects underlying soil from drying and eroding

Simulates leaf litter by providing environment for microorganisms to degrade organic material
Provides a medium for biological growth, decomposition of organic material, adsorption and
bonding of heavy metals

Wood mulch should be shredded - compost or leaf mulch is preferred.

Planting soil/volume storage bed

Provides water/nutrients to plants
Enhances biological activity and encourages root growth
Provides storage of stormwater by the voids within the soil particles
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Positive overflow
« Will discharge runoff during large storm events when the storage capacity is exceeded.
Examples include domed riser, inlet, weir structure, etc.
« Anunderdrain can be included in areas where infiltration is not possible or appropriate.
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Variations

Generally, a Rain Garden/Bioretention system is a vegetated surface depression that provides for the
infiltration of relatively small volumes of stormwater runoff, often managing stormwater on a lot-by-lot

basis (versus the total development site). If greater volumes of runoff need to be managed or stored,
the system can be designed with an expanded subsurface infiltration bed or the Bioretention area can
be increased in size.

The design of a Rain Garden can vary in complexity depending on the quantity of runoff volume to be
managed, as well as the pollutant reduction objectives for the entire site. Variations exist both in the
components of the systems, which are a function of the land use surrounding the Bioretention system.

The most common variation includes a gravel or sand bed underneath the planting bed. The original
intent of this design, however, was to perform as a filter BMP utilizing an under drain and subsequent
discharge. When a designer decides to use a gravel or sand bed for volume storage under the planting
bed, then additional design elements and changes in the vegetation plantings should be provided.
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Flow Entrance: Curbs and Curb Cuts Flow Entrance: Trench Drain

Positive Overflow: Do med Riser
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Applications

Chapter 6

Bioretention areas can be used in a variety of applications: from small areas in residential lawns to
extensive systems in large parking lots (incorporated into parking islands and/or perimeter areas).

. Residential On-lot

Rain Garden (Prince George’s County)
Simple design that incorporates a planting bed in the low portion of the site

. Tree and Shrub Pits

Stormwater management
technique that intercepts runoff
and provides shallow ponding in
a dished mulched area around
the tree or shrub.

Extend the mulched area to the
tree dripline
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Chapter 6

. Roads and highways

¥
#
.

SHOULDER

. Parking Lots
. Parking Lot Island Bioretention

Commercial/Industrial/Institutional

In commercial, industrial, and institutional situations, stormwater management and
greenspace areas are limited, and in these situations, Rain Gardens for stormwater
management and landscaping provide multifunctional options.
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e Curbless (Curb cuts) Parking Lot Perimeter Bioreten  tion
The Rain Garden is located adjacent to a parking area with no curb or curb cuts ,
allowing stormwater to sheet flow over the parking lot directly into the Rain Garden.
Shallow grades should direct runoff at reasonable velocities; this design can be used in
conjunction with depression storage for stormwater quantity control.

» Curbed Parking Lot Perimeter Bioretention

» Roof leader connection from adjacent building
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Design Considerations

Rain Gardens are flexible in design and can vary in complexity according to water quality objectives
and runoff volume requirements. Though Rain Gardens are a structural BMP, the initial siting of
bioretention areas should respect the Integrating Site Design Procedures described in Chapter 4 and
integrated with the preventive non-structural BMPs.

It is important to note that bioretention areas are not to be confused with constructed wetlands or wet
ponds which permanently pond water. Bioretention is best suited for areas with at least moderate
infiltration rates (more than 0.1 inches per hour). In extreme situations where permeability is less than
0.1 inches per hour, special variants may apply, including under drains, or even constructed wetlands.

Rain Gardens are often very useful in retrofit projects and can be integrated into already developed lots
and sites. An important concern for all Rain Garden applications is their long-term protection and
maintenance, especially if undertaken in multiple residential lots where individual homeowners provide
maintenance. In such situations, it is important to provide some sort of management that insures their
long-term functioning (deed restrictions, covenants, and so forth).

1. Sizing criteria

a. Surface area is dependent upon storage volume requirements but should generally not
exceed a maximum loading ratio of 5:1 (impervious drainage area to infiltration area; see
Protocol 2. Infiltration Systems Guidelines (Appendix C) for additional guidance on loading
rates.)

b. Surface Side slopes should be gradual. For most areas, maximum 3:1 side slopes are
recommended, however where space is limited, 2:1 side slopes may be acceptable.

c. Surface Ponding depth  should not exceed 6 inches in most cases and should empty within
72 hours.

d. Ponding area should provide sufficient surface area to meet required storage volume without
exceeding the design ponding depth. The subsurface storage/infiltration bed is used to
supplement surface storage where feasible.

e. Planting soil depth should generally be at least 18” where only herbaceous plant species
will be utilized. If trees and woody shrubs will be used, soil media depth may be increased,
depending on plant species.

2. Planting Soil should be a loam soil capable of supporting a healthy vegetative cover. Soils
should be amended with a composted organic material. A typical organic amended soil is
combined with 20-30% organic material (compost), and 70-80% soil base (preferably topsoil).
Planting soil should be approximately 4 inches deeper than the bottom of the largest root ball.

3. Volume Storage Soils should also have a pH of between 5.5 and 6.5 (better pollutant
adsorption and microbial activity), a clay content less than 10% (a small amount of clay is
beneficial to adsorb pollutants and retain water), be free of toxic substances and unwanted plant
material and have a 5 —10% organic matter content. Additional organic matter can be added to
the soil to increase water holding capacity (tests should be conducted to determine volume
storage capacity of amended soils).
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4. Proper plant selection is essential for bioretention areas to be effective. Typically, native
floodplain plant species are best suited to the variable environmental conditions encountered. If
shrubs and trees are included in a bioretention area (which is recommended), at least three
species of shrub and tree should be planted at a rate of approximately 700 shrubs and 300

trees per acre (shrub to tree ratio should be 2:1 to 3:1). An experienced landscape architect is
recommended to design native planting layout.

5. Planting periods will vary, but in general trees and shrubs should be planted from mid-March
through the end of June, or mid-September through mid-November

6. A maximum of 2 to 3 inches of shredded mulch or leaf compost (or other comparable product)
should be uniformly applied immediately after shrubs and trees are planted to prevent erosion,

enhance metal removals, and simulate leaf litter in a natural forest system. Wood chips should

be avoided as they tend to float during inundation periods. Mulch / compost layer should not
exceed 3” in depth so as not to restrict oxygen flow to roots.

7. Must be designed carefully in areas with steeper slopes and should be aligned parallel to
contours to minimize earthwork.

8. Under drains should not be used except where in-situ soils fail to drain surface water to meet the
criteria in Chapter 3.
Detailed Stormwater Functions
Infiltration Area

Volume Reduction Calculations
The storage volume of a Bioretention area is defined as the sum total of 1. and the smaller of 2a or 2b
below. The surface storage volume should account for at least 50% of the total storage. Inter-media
void volumes may vary considerably based on design variations.

1. Surface Storage Volume (CF) = Bed Area (ft2) x Average Design Water Depth

2a. Infiltration Volume = Bed Bottom area (sq ft) x infiltration design rate (in/hr) x infiltration

period (hr) x 1/12.
2b. Volume = Bed Bottom area (sq ft) x soil mix bed depth x void space.

Peak Rate Mitigation

See Chapter 8 for Peak Rate Mitigation methodology, which addresses link between volume reduction
and peak rate control.

363-0300-002 / December 3M06 Page 58 of 257



Pennsylvania Stormwater Best Management Practices Manual Chapter 6

Water Quality Improvement

See Chapter 8 for Water Quality Improvement methodology, which addresses pollutant removal
effectiveness of this BMP.

Construction Sequence

The following is a typical construction sequence; however, alterations might be necessary depending
on design variations.

1.

2.

Install temporary sediment control BMPs as shown on the plans.

Complete site grading. If applicable, construct curb cuts or other inflow entrance but provide
protection so that drainage is prohibited from entering construction area.

Stabilize grading within the limit of disturbance except within the Rain Garden area. Rain
garden bed areas may be used as temporary sediment traps provided that the proposed finish
elevation of the bed is 12 inches lower than the bottom elevation of the sediment trap.

Excavate Rain Garden to proposed invert depth and scarify the existing soil surfaces. Do not
compact in-situ soils.

Backfill Rain Garden with amended soil as shown on plans and specifications. Overfilling is
recommended to account for settlement. Light hand tamping is acceptable if necessary.

Presoak the planting soil prior to planting
vegetation to aid in settlement.

Complete final grading to achieve
proposed design elevations, leaving
space for upper layer of compost, mulch
or topsoil as specified on plans.

Plant vegetation according to planting
plan.

Mulch and install erosion protection at
surface flow entrances where necessary.
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Maintenance Issues
Properly designed and installed Bioretention areas require some regular maintenance.
« While vegetation is being established, pruning and weeding may be required.

« Detritus may also need to be removed every year. Perennial plantings may be cut down at the
end of the growing season.

e Mulch should be re-spread when erosion is evident and be replenished as needed. Once every
2 to 3 years the entire area may require mulch replacement.

« Bioretention areas should be inspected at least two times per year for sediment buildup,
erosion, vegetative conditions, etc.

o During periods of extended drought, Bioretention areas may require watering.

Trees and shrubs should be inspected twice per year to evaluate health.
Cost Issues
Rain Gardens often replace areas that would have been landscaped and are maintenance-intensive so
that the net cost can be considerably less than the actual construction cost. In addition, the use of Rain

Gardens can decrease the cost for stormwater conveyance systems at a site. Rain Gardens cost
approximately $5 to $7 (2005) per cubic foot of storage to construct.

Specifications
The following specifications are provided for informational purposes only. These specifications include
information on acceptable materials for typical applications, but are by no means exclusive or limiting.

The designer is responsible for developing detailed specifications for individual design projects in
accordance with the project conditions.

1Vegetation - See Appendix B
2 Execution

a. Subgrade preparation

1. Existing sub-grade in Bioretention areas shall NOT be compacted or subject to
excessive construction equipment traffic.
2. Initial excavation can be performed during rough site grading but shall not be

carried to within one feet of the final bottom elevation. Final excavation should

not take place until all disturbed areas in the drainage area have been stabilized.
3. Where erosion of sub-grade has caused accumulation of fine materials and/or

surface ponding in the graded bottom, this material shall be removed with light
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equipment and the underlying soils scarified to a minimum depth of 6 inches with
a York rake or equivalent by light tractor.

4, Bring sub-grade of bioretention area to line, grade, and elevations indicated. Fill
and lightly regrade any areas damaged by erosion, ponding, or traffic
compaction. All bioretention areas shall be level grade on the bottom.

5. Halt excavation and notify engineer immediately if evidence of sinkhole activity or
pinnacles of carbonate bedrock are encountered in the bioretention area.

b. Rain Garden Installation

1. Upon completion of sub-grade work, the Engineer shall be notified and shall
inspect at his/her discretion before proceeding with bioretention installation.

2. For the subsurface storage/infiltration bed installation, amended soils should be
placed on the bottom to the specified depth.

3. Planting soil shall be placed immediately after approval of sub-grade

preparation/bed installation. Any accumulation of debris or sediment that takes
place after approval of sub-grade shall be removed prior to installation of planting
soil at no extra cost to the Owner.

4, Install planting soil (exceeding all criteria) in 18-inch maximum lifts and lightly
compact (tamp with backhoe bucket or by hand). Keep equipment movement
over planting soil to a minimum — do not over compact . Install planting soil to
grades indicated on the drawings.

5. Plant trees and shrubs according to supplier's recommendations and only from
mid-March through the end of June or from mid-September through mid-
November.

6. Install 2-3” shredded hardwood mulch (minimum age 6 months) or compost

mulch evenly as shown on plans. Do not apply mulch in areas where ground
cover is to be grass or where cover will be established by seeding.

7. Protect Rain Gardens from sediment at all times during construction. Hay bales,
diversion berms and/or other appropriate measures shall be used at the toe of
slopes that are adjacent to Rain Gardens to prevent sediment from washing into
these areas during site development.

8. When the site is fully vegetated and the soil mantle stabilized the plan designer
shall be notified and shall inspect the Rain Garden drainage area at his/her
discretion before the area is brought online and sediment control devices
removed.

9. Water vegetation at the end of each day for two weeks after planting is
completed.

Contractor should provide a one-year 80% care and replacement warranty for all planting beginning
after installation and inspection of all plants.

363-0300-002 / December 3M06 Page 61 of 257



Pennsylvania Stormwater Best Management Practices Manual Chapter 6

363-0300-002 / December 3M06 Page 62 of 257



Pennsylvania Stormwater Best Management Practices Manual

BMP 6.4.6: Dry Well / Seepage Pit

Chapter 6
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A Dry Well, or Seepage Pit, is a variation on an Infiltration
system that is designed to temporarily store and infiltrate

Key Design Elements

* Fllow Infiltration System Guidelines in Appendix C

feet)
* Provide adequate overflow outlet for large storms

+ Depth of Dry Well aggregate should be between 18 and 48
inches

* At least one observation well; clean out is recommended

* Wrap aggregate with nonwoven geotextile

from sumps and cleanouts
* Provide pretreatment for some situations

* Maintain minimum distance from building foundation (typically 10

Potential Applications

Residential: Yes
Commercial: Yes
Ultra Urban: Yes
Industrial: Limited
Retrofit: Yes
Highway/Road: No

* Maintenance will require periodic removal of sediment and leaves

Stormwater Functions

Volume Reduction: Medium
Recharge: High

Peak Rate Control: Medium

Water Quality: Medium

Water Quality Functions

TSS: TP:85% 85%
NO3: 30%

Other Considerations

. Protocol 1. Site Evaluation and Soil Infiltration Testing and Protocol 2. Infiltration Systems

Guidelines should be followed, see Appendix C
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Description

A Dry Well, sometimes called a Seepage Pit, is a subsurface storage facility that temporarily stores and
infiltrates stormwater runoff from the roofs of structures. Roof leaders connect directly into the Dry
Well, which may be either an excavated pit filled with uniformly graded aggregate wrapped in geotextile
or a prefabricated storage chamber or pipe segment. Dry Wells discharge the stored runoff via
infiltration into the surrounding soils. In the event that the Dry Well is overwhelmed in an intense storm
event, an overflow mechanism (surcharge pipe, connection to larger infiltration area, etc.) will ensure
that additional runoff is safely conveyed downstream.

By capturing runoff at the source, Dry Wells can dramatically reduce the increased volume of
stormwater generated by the roofs of structures. Though roofs are generally not a significant source of
runoff pollution, they are still one of the most important sources of new or increased runoff volume from
developed areas. By decreasing the volume of stormwater runoff, Dry Wells can also reduce runoff
rate and improve water quality. As with other infiltration practices, Dry Wells may not be appropriate for
“hot spots” or other areas where high pollutant or sediment loading is expected without additional
design considerations. Dry Wells are not recommended within a specified distance to structures or
subsurface sewage disposal systems. (see Appendix C, Protocol 2)

| Roof Leader Soakaway Pit |

l RoofLeader Filler I

Infilira tion
Tranch

Variations

Intermediate “Sump” Box — Water can flow through an intermediate box with an outflow higher to
allow the sediments to settle out. Water would then flow through a mesh screen and into the dry well.

Drain Without Gutters — For structures without gutters or downspouts, runoff is designed to sheetflow

off a pitched roof surface and onto a stabilized ground cover (surface aggregate, pavement, or other
means). Runoff is then directed toward a Dry Well via stormwater pipes or swales.
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Prefabricated Dry Well — There are a variety of prefabricated,
predominantly plastic subsurface storage chambers on the market
today that can replace aggregate Dry Wells. Since these systems
have significantly greater storage capacity than aggregate, space
requirements are reduced and associated costs may be defrayed.
Provided the following design guidelines are followed and infiltration is
still encouraged, prefabricated chambers can prove just as effective
as standard aggregate Dry Wells.

Applications
Any roof or impervious area with relatively low sediment loading

Design Considerations
1. Dry Wells are sized to temporarily retain and infiltrate stormwater runoff from roofs of structures.
A dry well usually provides stormwater management for a limited roof area. Care should be
taken not to hydraulically overload a dry well based on bottom area and drainage area. (See
Appendix C, Protocol 2 for guidance)

2. Dry Wells should drain-down within the guidelines set in Chapter 3. Longer drain-down times
reduce Dry Well efficiency and can lead to anaerobic conditions, odor and other problems.

3. Dry Wells typically consist of 18 to 48 inches of clean washed, uniformly graded aggregate with
40% void capacity (AASHTO No. 3, or similar). Dry Well aggregate is wrapped in a nonwoven
geotextile, which provides separation between the aggregate and the surrounding soil. At least
12 inches of soil is then placed over the Dry Well. An alternative form of Dry Well is a
subsurface, prefabricated chamber. A variety of prefabricated Dry Wells are currently available
on the market.
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4. Dry Wells are not recommended when their installation would create a significant risk for
basement seepage or flooding. In general, 10 feet of separation is recommended between Dry
Wells and building foundations. However, this distance may be shortened at the discretion of
the designer. Shorter separation distances may warrant an impermeable liner to be installed on
the building side of the Dry Well.

5. All Dry Wells should be able to convey system overflows to downstream drainage systems.
System overflows can be incorporated either as surcharge (or overflow) pipes extending from
roof leaders or via connections to more substantial infiltration areas.

6. The design depth of a Dry Well should take into account frost depth to prevent frost heave.

7. A removabile filter with a screened bottom should be installed in the roof leader below the
surcharge pipe in order to screen out leaves and other debris.

8. Adequate inspection and maintenance access to the Well should be provided. Observation
wells not only provide the necessary access to the Well, but they also provide a conduit through
which pumping of stored runoff can be accomplished in case of slowed infiltration.

9. Though roofs are generally not a significant source of runoff pollution, they can still be a source
of particulates and organic matter, as well as sediment and debris during construction.
Measures such as roof gutter guards, roof leader clean-out with sump, or an intermediate sump
box can provide pretreatment for Dry Wells by minimizing the amount of sediment and other
particulates that may enter it.

MNOTE:
1. FABRICATE FROM 12 GA. STEEL SHEET, 12 GA. CORR. PIPE (STEEL OR ALUM.)
OR 1,/4" FIBERGLASS.
2. STEEL OPTIONS SHALL BE GALV. AFTER FABRICATION.
3. MIN. PERFORATIONS — 4 ROWS OF 3/4" HOLES, B HOLES PER ROW. ALL OPTIONS.

5'-0" MiN. TO S L @
GREASE TR A
12fig" 8"
VARIES MINT]
2 ) 36" DIA.
FIBERGLASS
OR STEEL
3 SHEET.
&;
o
-l
£
38" DIA: 3/4°—1 1,/2" CLEAM GRAVEL
CORR. PIPE
SEEPAGE PIT /T
SCALE: 1°=1"-0" l\ﬁ/ 51-120 3—28-88
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Detailed Stormwater Functions

Volume Reduction Calculations

The storage volume of a Dry Well is defined as the volume beneath the discharge invert. The following
equation can be used to determine the approximate storage volume of an aggregate Dry Well:

Dry Well Volume = Dry well area (sf) x Dry well water depth (ft) x 40% (if stone filled)

Infiltration Area: A dry well may consider both bottom and side (lateral) infiltration according to design.

Peak Rate Mitigation Calculations
See Chapter 8 for corresponding peak rate reduction.

Water Quality Improvement
See Chapter 8
Construction Sequence
1. Protect infiltration area from compaction prior to installation.

2. If possible, install Dry Wells during later phases of site construction to prevent sedimentation
and/or damage from construction activity.

3. Install and maintain proper Erosion and Sediment Control Measures during construction as per
the Pennsylvania Erosion and Sediment Pollution Control Program Manual (March 2000, or
latest edition).

4. Excavate Dry Well bottom to a uniform, level uncompacted subgrade free from rocks and
debris. Do NOT compact subgrade. To the greatest extent possible, excavation should be
performed with the lightest practical equipment. Excavation equipment should be placed
outside the limits of the Dry Well.

5. Completely wrap Dry Well with nonwoven geotextile. (If sediment and/or debris have
accumulated in Dry Well bottom, remove prior to geotextile placement.) Geotextile rolls should
overlap by a minimum of 24 inches within the trench. Fold back and secure excess geotextile
during stone placement.

6. Install continuously perforated pipe, observation wells, and all other Dry Well structures.
Connect roof leaders to structures as indicated on plans.

7. Place uniformly graded, clean-washed aggregate in 6-inch lifts, lightly compacting between lifts.
8. Fold and secure nonwoven geotextile over trench, with minimum overlap of 12-inches.

9. Place 12-inch lift of approved Topsoil over trench, as indicated on plans.

10. Seed and stabilize topsaoil.

11. Connect surcharge pipe to roof leader and position over splashboard.
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12. Do not remove Erosion and Sediment Control measures until site is fully stabilized.

Maintenance Issues

As with all infiltration practices, Dry Wells require regular and effective maintenance to ensure
prolonged functioning. The following represent minimum maintenance requirements for Dry Wells:

* Inspect Dry Wells at least four times a year, as well as after every storm exceeding 1 inch.

« Dispose of sediment, debris/trash, and any other waste material removed from a Dry Well at
suitable disposal/recycling sites and in compliance with local, state, and federal waste
regulations.

e Evaluate the drain-down time of the Dry Well to ensure the maximum time of 72 hours is not
being exceeded. If drain-down times are exceeding the maximum, drain the Dry Well via
pumping and clean out perforated piping, if included. If slow drainage persists, the system may
need replacing.

* Regularly clean out gutters and ensure proper connections to facilitate the effectiveness of the
dry well.

» Replace filter screen that intercepts roof runoff as necessary.

« If an intermediate sump box exists, clean it out at least once per year.

Cost Issues

The construction cost of a Dry Well/Seepage Pit can vary greatly depending on design variability,
configuration, location, site-specific conditions, etc. Typical construction costs in 2003 dollars range
from $4 - $9 per cubic foot of storage volume provided (SWRPC, 1991; Brown and Schueler, 1997).
Annual maintenance costs have been reported to be approximately 5 to 10 percent of the capital costs
(Schueler, 1987). The cost of gutters is typically included in the total structure cost, as opposed

Specifications

The following specifications are provided for information purposes only. These specifications include
information on acceptable materials for typical applications, but are by no means exclusive or limiting.
The designer is responsible for developing detailed specifications for individual design projects in
accordance with the project conditions.

1. Stone for infiltration trenches shall be 2-inch to 1-inch uniformly graded coarse aggregate, with a
wash loss of no more than 0.5%, AASHTO size No. 3 per AASHTO Specifications, Part I, 19th
Ed., 1998, or later and shall have voids 40% as measured by ASTM-C29.

2. Nonwoven Geotextile shall consist of needled nonwoven polypropylene fibers and meet the
following properties:
a. Grab Tensile Strength (ASTM-D4632) 3120 Ibs
Mullen Burst Strength (ASTM-D3786) 3225 psi

b
c. Flow Rate (ASTM-D4491) 395 gal/min/ft2
d. UV Resistance after 500 hrs (ASTM-D4355)3 70%
e. Heat-set or heat-calendared fabrics are not permitted
Acceptable types include Mirafi 140N, Amoco 4547, and Geotex 451.
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3. Topsoil See Appendix C

4. Pipe shall be continuously perforated, smooth interior, with a minimum inside diameter of 4-
inches. High-density polyethylene (HDPE) pipe shall meet AASHTO M252, Type S or AASHTO
M294, Type S. 12 gauge aluminum or corrugated steel pipe may be used in seepage pits.

5. Gutters and splashboards _ shall follow Manufacturer’'s specifications.

References

New Jersey Department of Environmental Protection. New Jersey Stormwater Best Management
Practices Manual. 2004.
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BMP 6.4.7: Constructed Filter

Filters are structures or excavated areas containing a
layer of sand, compost, organic material, peat, or other
filter media that reduce pollutant levels in stormwater
runoff by filtering sediments, metals, hydrocarbons, and
other pollutants.

i . . .
Key Design Elements Potential Applications

Residential: Limited
Commercial: Yes
Ultra Urban: Yes

Industrial: Yes
* Follow Infiltration Systems Guidelines in Appendix C Retrofit: Yes

. - L . Highway/Road: Yes
* Drain down — should empty within the guidelines in Chapter 3

* Minimum permeability of filtration medium required

* Minimum depth of filtering medium = 12" Stormwater Functions

+ Perforated pipes in stone, as required

* May be designed to collect and convey filtered runoff down- Volume Reduction:  Low-High*

gradient Recharge: Low-High*
] o Peak Rate Control:  Low-High*
* May be designed to infiltrate Water Quality: High

* Pretreatment for debris and sediment may be needed " P
Depends on if infiltration is used

* Should be sized for drainage area

* Regular inspection and maintenance required for continued Water Ouality Functions
functioning

- Positive overflow is needed

TSS: 85%
TP: 85%
NO3: 30%

Other Considerations

. Protocol 1. Site Evaluation and Soil Infiltration Testing and Protocol 2. Infiltration Systems
Guidelines should be followed, see Appendix C

. Certain applications may warrant spill containment.
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Description

A stormwater filter is a structure or excavation filled with material and designed to filter stormwater
runoff to improve water quality. The filter media may be comprised of materials such as sand, peat,
compost, granular activated carbon (GAC), perlite, or other material. Additional filtration media will be
acceptable for use as long as data is available to verify the media is capable of meeting performance
goals. In some applications the stormwater runoff flows through an open air, “pretreatment” chamber to
allow the large particles and debris to settle out (sedimentation). Surface vegetation is another good
option for pretreatment. The runoff then passes through the filter media where additional pollutants are
filtered out, and is collected in an under-drain and returned to the conveyance system, receiving waters
or infiltrated into the soil mantle.
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HEMICTFIERI PEAT
PEATSAND MIX

PARKING }T"
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MATET EXISTING GRADT
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FPAVEMENT SUBHASE

UNCUMPACTED CRAVEL BED LINED W SON-WOVEN FILTER FARR
BED BT TOM TOP AN BT TOM

FARKING LOT VEGETATED PEAT FILTER EXAMPLE (CA)

Variations

There are a wide variety of Filter Applications, including surface and subsurface, vegetated, perimeter,
infiltration, and others. There are also a variety of filter products that may be purchased. Examples of
these variations include:

Surface Non-vegetated Filter

A Surface Non-vegetated Filter is constructed by excavation or by use of a structural container. The
surface may be covered in sand, peat, gravel, river stone, or similar material.
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Vegetated Filter

A layer of vegetation is planted on top of the filtering
medium. Composted amended soil may serve as a
filter media. For filters composed of filtering media
such as sand (where topsoil is required for
vegetation) a layer of nonwoven, permeable
geotextile should separate the topsoil

and vegetation from the filter media.

Infiltration Filter

Filters may be designed to allow some portion of the treated water to infiltrate. Infiltration Design
Criteria apply for all Filters designed with infiltration. In all cases, a positive overflow system is
recommended.

RUSNTHF FILTERS THROUGH

OVERFLOW OBSERVATION WELL CRASS BUEFER STRIP
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Contained Filter

In contained Filters, infiltration is not
incorporated into the design. Contained Filters
may consist of a physical structure, such as a
precast concrete box. For excavated filters, an
impermeable liner is added to the bottom of the
excavation to convey the filtered runoff
downstream.
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Linear “Perimeter” Filters

Perimeter Filters may consist of enclosed
chambers (such as trench drains) that run along the
perimeter of an impervious surface. Perimeter
Filters may also be constructed by excavation and
vegetated. All perimeter filters should be designed
with the necessary filter medium and sized in
accordance with the drainage area.

Small Subsurface Filter

A Small Subsurface filter is an inlet designed to treat runoff at the collection source by filtration. Small
Subsurface filters are useful for Hotspot Pretreatment and similar in function to Water Quality Inserts.
Small Subsurface filters should be carefully designed and maintained so that runoff is directed through
the filter media.
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Large Subsurface Filter
Large Subsurface Filters receive relatively large amounts of flow directed into an underground box that

has separate chambers, one to settle large particles, and one to filter small particles. The water
discharges through an outlet pipe and into the stormwater system.
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Manufactured Filtration Systems

There are a considerable number of manufactured filtration systems available, some of which also
incorporate oil/water separators, vortex systems, etc. The Designer should obtain product specific
information directly from the manufacturer.

Applications

Filters are applicable in urbanized areas having high pollutant loads and are especially applicable
where there is limited area for construction of other BMPs. Filters may be used as a pretreatment
BMP before other BMPs such as Wet Ponds or Infiltration systems. Filters may be used in Hot Spot
areas for water quality treatment, and spill containment capabilities may be incorporated into a filter.
Examples of typical areas that benefit from the use of a Filter BMP include:

» Parking lots

+ Roadways and Highways

« Light Industrial sites

e Marina areas

- Transportation facilities

« Fast food and shopping areas
+ Waste Transfer Stations

» Urban Streetscapes

Design Considerations

1. Filters should be sized as per the Control Guideline that applies. All filters should be designed
so that larger storms may safely overflow or bypass the fil ter. Flow splitters, multistage
chambers, and other devices may be used. A flow splitter may be necessary to allow only a
portion of the runoff to enter the filter. This would create an “off-line” filter, where the volume
and velocity of runoff entering the filter is controlled. If the filter is “on-line”, excess flow should
be designed to bypass the filter and continue to another quality BMP.

2. Entering velocity should be controlled . A level spreader may be used to spread flow evenly
across the filter surface during all storms without eroding the filter material. Parking lots may be
designed to sheet flow to filters. Small riprap or riverstone edges may be used to reduce
velocity and distribute flow.

3. Pretreatment may be necessary in areas with especially high levels of debris, large sediment,
etc. Pretreatment may include oil/grit separators, vegetated filter strips, or grass swales.
These measures will settle out the large particles and reduce velocity of the runoff before it
enters the filter.

4. The Filter Media may be a variety of materials and in most cases should have a minimum depth
of 12 inches and a maximum depth of 30 inches, although variations on these guidelines are
acceptable if justified by the designer. Coarser materials allow for more hydraulic conductivity,
but finer media filter particles of a smaller size. Sand has been found to be a good balance
between these two criteria, but different types of media remove different pollutants. While sand
is a reliable material to remove TSS, (Debusk and Langston, 1997) peat removes slightly more
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TP, Cu, Cd, and Ni than sand. The Filter Media should have a minimum hydraulic conductivity
(k) as follows:

- Sand 3.5 ft/day
« Peat 2.5 ft/day
- Leaf compost 8.7 ft/day

5. A Gravel Layer atleast 6” deep is recommended beneath the Filter Media.

6. Under drain piping should be 4" minimum (diameter) perforated pipes, with a lateral spacing of
no more than 10’. A collector pipe can be used, (running perpendicular to laterals) with a slope
of 1%. All underground pipes should have clean-outs accessible from the surface.

7. A Drawdown Time of not more than 72 hours is recommended for Filters.

8. The Size of a Filter is determined by the Volume to be treated:

A=V xd/ K x t(h+d))

A = Surface area of Filter (square feet)

vV = Water volume (cubic feet)

d = Depth of Filter Media (min 1.5 ft; max 2.5 ft)

t = Drawdown time (days), not to exceed 72 hours
h = Head (average in feet)

k = Hydraulic conductivity (ft/day)

9. When a Filter has accumulated sediment in its pore space, its hydraulic conductivity is reduced,
and so is its ability to removal pollutants. Maintenance and Inspection are essential for
continued performance of a Filter. Based upon inspection, some or all portions of the filter
media may require replacement.

10. Filters should be designed with sufficient maintenance access (clean-outs, room for surface
cleaning, etc.). Filters that are visible and simple in design are more likely to be maintained
correctly.
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Detailed Stormwater Functions

Volume Reduction Calculations
If a Filter is designed to include infiltration, the Volume Reduction is a function of the Area of the Filter
and infiltration rate. There is minimal volume reduction for Filters that are not designed to infiltrate.

Volume = Infiltration Volume* + Filter Volume
Infiltration Volume = Bottom Area (sf) x Infil. Rate (in/hr) x Drawdown time** (hr)
Filter Volume = Area of filter (sf) x Depth (ft) x 20%***

*For filters with infiltration only
** Not to exceed 72 hours
***Eor sand, amended soil, compost, peat; Use 20% unless more specific data is available

Peak Rate Mitigation Calculations

See Chapter 8 for Peak Rate Mitigation methodology which addresses link between volume reduction
and peak rate control.

Water Quality Improvement
See Chapter 8 for Water Quality Improvement methodology, which addresses pollutant removal
effectiveness of this BMP.

Construction Sequence

1. Permanent Filters should not be installed until
the site is stabilized. Excessive sediment
generated during construction can clog the
Filter and prevent or reduce the anticipated
post-construction water quality benefits.
Stabilize all contributing areas before runoff
enters filters.

2. Structures such as inlet boxes, reinforced
concrete boxes, etc. should be installed in
accordance with the manufacturers’ or design engineers guidance.

3. Excavated filters that infiltrate or structural filters that infiltrate should be excavated in such a
manner as to avoid compaction of the subbase. Structures may be set on a layer of clean,
lightly compacted gravel (such as AASHTO #57).

Infiltration Filters should be underlain by a layer of permeable non-woven-geotextile.

Place underlying gravel/stone in minimum 6 inch lifts and lightly compact. Place underdrain
pipes in gravel during placement.

Wrap and secure nonwoven geotextile to prevent gravel/stone from clogging with sediments.
Lay filtering material. Do not compact.

Saturate filter media and allow media to drain to properly settle and distribute.

For vegetated filters, a layer of nonwoven geotextile between non-organic filter media and
planting media is recommended.

10. There should be sufficient space (head) between the top of the filtering bed and the overflow of
the Filter to allow for the maximum head designed to be stored before filtration.

S

©ooN®
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Maintenance and Inspection

Filters require a regular inspection and maintenance program in order to maintain the integrity of the
filtering system and pollutant removal mechanisms. Studies have shown that filters are very effective
upon installation, but quickly decrease in efficiency as sediment accumulates in the filter. (Urbonas,
Urban Drainage and Flood Control District, CO) Odor is also a concern for filters that are not
maintained. Inspection of the filter is recommended at least four times a year .

During inspection the following conditions should be
considered:

- Standing water — any water left in a surface filter
after the design drain down time indicates the filter
is not optimally functioning.

« Film or discoloration  of any surface filter material
— this indicates organics or debris have clogged the
filter surface.

Filter Maintenance
« Remove trash and debris as necessary
» Scrape silt with rakes
« Till and aerate filter area
« Replace filtering medium if scraping/removal has reduced depth of filtering media

In areas where the potential exists for the discharge and accumulation of toxic pollutants (such as
metals), filter media removed from filters must be handled and disposed of in accordance with all state
and federal regulations.

Winter concerns

Pennsylvania’s winter temperatures go below freezing about four months out of every year, and surface
filtration may not take place as well in the winter. Peat and compost may hold water, freeze, and
become impervious on the surface. Design options that allow directly for subsurface discharge into the
filter media during cold weather may overcome this condition.
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Cost Issues

Filter costs vary according to the filtering medial (sand, peat, compost), land clearing, excavation,
grading, inlet and outlet structures, perforated pipes, encasing structure (if used), and maintenance
cost. Underground structures may contribute significantly to the cost of a Filter.

Specifications
1. Stone/Gravel shall be uniformly graded coarse aggregate, 1 inch to % inch with a wash loss of
no more than 0.5%, AASHTO size number 57 per AASHTO Specifications, Part I, 19th Ed.,
1998, or later and shall have voids 40% as measured by ASTM-C29.
2. Peat shall have ash content <15%, pH range 3.3-5.2, loose bulk density range 0.12-0.14 g/cc.

3. Sand shall be ASTM-C-33 (or AASHTO M-6) size (0.02” — 0.04"), concrete sand, clean, medium
to fine sand, no organic material.

4. Non-Woven Geotextile  shall consist of needled nonwoven polypropylene fibers and meet the
following properties:

a. Grab Tensile Strength (ASTM-D4632) 3120 Ibs

b. Mullen Burst Strength (ASTM-D3786) 3225 psi

c. Flow Rate (ASTM-D4491) 3 95 gal/min/ft?
d. UV Resistance after 500 hrs (ASTM-D4355)3 70%

e. Heat-set or heat-calendared fabrics are not permitted

Acceptable types include Mirafi 140N, Amoco 4547, Geotex 451, or approved others.
5. Pipe shall be continuously perforated, smooth interior, with a minimum inside diameter of 8-

inches. High-density polyethylene (HDPE) pipe shall meet AASHTO M252, Type S or AASHTO
M294, Type S.
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BMP 6.4.8: Vegetated Swale

A Vegetated Swale is a broad, shallow, trapezoidal or
parabolic channel, densely planted with a variety of trees,
shrubs, and/or grasses. It is designed to attenuate and in
some cases infiltrate runoff volume from adjacent
impervious surfaces, allowing some pollutants to settle out
in the process. In steeper slope situations, check dams
may be used to further enhance attenuation and infiltration
opportunities.

Hawthome Ridee Subdivision (SE 162nd, South of Foster

Key Design Elements

Potential Applications

Residential:
Commercial: Yes Yes
Ultra Urban: Limited

- Plant dense, low-growing native vegetation that is water-resistant,
drought and salt tolerant, providing substantial pollutant removal
capabilities

* Longitudinal slopes range from 1 to 6%
- Side slopes range from 3:1 to 5:1
* Bottom width of 2 to 8 feet

- Check-dams can provide limited detention storage, as well as
enhanced volume control through infiltration. Care must be taken
to prevent erosion around the dam

* Convey the 10-year storm event with a minimum of 6 inches of
freeboard

* Designed for non-erosive velocities up to the 10-year storm event
- Design to aesthetically fit into the landscape, where possible

- Significantly slow the rate of runoff conveyance compared to
pipes

Industrial: Yes Yes
Retrofit: Yes
Highway/Road:

Stormwater Functions

Volume Reduction: Low/Med.
Recharge: Low/Med.

Peak Rate Control: Med./High
W ater Quality: Med./High

Water Quality Functions

TSS: 50%
TP: 50%
NO3: 20%

Other Considerations

Protocol 1. Site Evaluation and Soil Infiltration

Testing and Protocol 2. Infiltration Systems

Guidelines should be followed whenever infiltration of runoff is desired, see Appendix C
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Description

Vegetated swales are broad, shallow channels designed to slow runoff, promote infiltration, and filter
pollutants and sediments in the process of conveying runoff. Vegetated Swales provide an
environmentally superior alternative to conventional curb and gutter conveyance systems, while
providing partially treated (pretreatment) and partially distributed stormwater flows to subsequent
BMPs. Swales are often heavily vegetated with a dense and diverse selection of native, close-growing,
water-resistant plants with high pollutant removal potential. The various pollutant removal mechanisms
of a swale include: sedimentary filtering by the swale vegetation (both on side slopes and on bottom),
filtering through a subsoil matrix, and/or infiltration into the underlying soils with the full array of
infiltration-oriented pollutant removal mechanisms.

A Vegetated Swale typically consists of a band of dense vegetation, underlain by at least 24 inches of
permeable soil. Swales constructed with an underlying 12 to 24 inch aggregate layer provide
significant volume reduction and reduce the stormwater conveyance rate. The permeable soil media
should have a minimum infiltration rate of 0.5 inches per hour and contain a high level of organic
material to enhance pollutant removal. A nonwoven geotextile should completely wrap the aggregate
trench (See BMP 6.4.4 Infiltration Trench for further design guidelines).

CROSS-SECTION

Maximum Watar Surface Elevation
Min. 8" Fresboard (187 - Designed for 10.year storm)

.J_Aﬂ‘-

Side Slopes 2:1 (Or Flatter)

Avarage Wator ' &' Pormaati
Surface Lavael (127) Soll (Min_ 307) Dense Vegetation
: L Optional Subsurtace
i i Inflitration Tranch
12 -24" Clean Washad i 3 T Uncompacted Subgrade
Unifermly Gradod ] [I::ram. Perl. HOPE
Aggregate (AASHTO #3) (4" From Bottom)
Wrap Trench with
Non-woven Geotextile
PROFILE

Maximum Water Surface Elovation

Avarags Wator (18" - Deslgned for 10-year storm)

Surface Lovel (127)

| [:'F-‘_*'E'.‘"—.: i e eI ] Denss Low-Growing Vegotative Covor

Fommabldo
Saill [Min. 307)
12 -24" Clean Washed 7 I & Diam. Porf, HDPE
Uniformly Graded =1 (4" From Bottom)

Aaprneke (AATHTO %3 Uncompactod Subgrada

Lawval Infiliraticon Trench Botiam
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A major concern when designing Vegetated Swales is to make certain that excessive stormwater flows,
slope, and other factors do not combine to produce erosive flows, which exceed the Vegetated Swale
capabilities. Use of check dams or turf
reinforcement matting (TRM) can enhance swale
performance in some situations. —

A key feature of vegetated swale design is that
swales can be well integrated into the landscape
character of the surrounding area. A vegetated
swale can often enhance the aesthetic value of a
site through the selection of appropriate native
vegetation. Swales may also discreetly blend in
with landscaping features, especially when
adjacent to roads.

Variations

Vegetated Swale with Infiltration Trench

This option includes a 12 to 24 inch aggregate bed or trench, wrapped in a nonwoven geotextile (See
BMP 6.4.4 Infiltration Trench for further design guidelines). This addition of an aggregate bed or trench
substantially increases volume control and water quality performance although costs also are
increased. Soil Testing and Infiltration Protocols in Appendix C should be followed.

Discharge of untreated High flow discharge
stormwater to planting o storm sewer
area {either surface runoff
from roads| parking ar
point discharges)

Madify width as nealed based on svailable area
and coordination with landscape plan,

NOTE: Ralnstore system can serve as cistern for irrigation needs as desired.

Vegetated Swales with Infiltration Trenches are best fitted for milder sloped swales where the addition
of the aggregate bed system is recommended to make sure that the maximum allowable ponding time
of 72 hours is not exceeded. This aggregate bed system should consist of at least 12 inches of
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uniformly graded aggregate. Ideally, the underdrain system shall be designed like an infiltration trench.
The subsurface trench should be comprised of terraced levels, though sloping trench bottoms may also
be acceptable. The storage capacity of the infiltration trench may be added to the surface storage
volume to achieve the required storage of the 1-inch storm event.

-
e PRIVATE ROAD
4%
20"
GEQOTEXTILE <BOTTOM, B x18" CUREB
TOF, AMO SIDESY AT GRADE

AFPLICABLEY

Grass Swale

Grass swales are essentially conventional drainage ditches. They
typically have milder side and longitudinal slopes than their
vegetated counterparts. Grass swales are usually less expensive
than swales with longer and denser vegetation. However, they
provide far less infiltration and pollutant removal opportunities.
Grass swales are to be used only as pretreatment for other
structural BMPs. Design of grass swales is often rate-based.
Grassed swales, where appropriate, are preferred over catch
basins and pipes because of their ability to reduce the rate of flow
across a site.

Wet Swales

Wet swales are essentially linear wetland cells. Their design
often incorporates shallow, permanent pools or marshy
conditions that can sustain wetland vegetation, which in turn
provides potentially high pollutant removal. A high water
table or poorly drained soils are a prerequisite for wet
swales. The drawback with wet swales, at least in
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residential or commercial settings, is that they may promote mosquito breeding in the shallow standing
water (follow additional guidance under Constructed Wetland for reducing mosquito population).
Infiltration is minimal if water remains for extended periods.

Applications

Direct Rainfall

. Parking

. Commercial and light industrial facilities

. Roads and highways

. Residential developments

. Pretreatment for volume-based BMPs

. Alternative to curb/gutter and storm sewer

Design Considerations

1. Vegetated Swales are sized to temporarily store and infiltrate the 1-inch storm event, while
providing conveyance for up to the 10-year storm with freeboard; flows for up to the 10-year
storm are to be accommodated without causing erosion. Swales should maintain a maximum
ponding depth of 18 inches at the end point of the channel, with a 12-inch average maintained
throughout. Six inches of freeboard is recommended for the 10-year storm. Residence times
between 5 and 9 minutes are acceptable for swales without check-dams. The maximum
ponding time is 48 hours, though 24 hours is more desirable (minimum of 30 minutes). Studies
have shown that the maximum amount of swale filtering occurs for water depths below 6 inches.
It is critical that swale vegetation not be submerged, as it could cause the vegetation to bend
over with the flow. This would naturally lead to reduced roughness of the swale, higher flow
velocities, and reduced contact filtering opportunities.
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2. Longitudinal slopes between 1% and 3% are generally recommended for swales. If the
topography necessitates steeper slopes, check dams or TRM’s are options to reduce the energy
gradient and erosion potential.

3. Check dams are recommended for vegetated
swales with longitudinal slopes greater than 3%.
They are often employed to enhance infiltration
capacity, decrease runoff volume, rate, and
velocity, and promote additional filtering and
settling of nutrients and other pollutants. In effect,
check-dams create a series of small, temporary
pools along the length of the swale, which shall
drain down within a maximum of 72 hours. Swales
with check-dams are much more effective at
mitigating runoff quantity and quality than those
without. The frequency and design of check-dams
in a swale will depend on the swale length and
slope, as well as the desired amount of
storage/treatment volume. Care must be taken to
avoid erosion around the ends of the check dams.

Check-dams shall be constructed to a height of 6 to
12 in and be regularly spaced. The following
materials have been employed for check-dams:
natural wood, concrete, stone, and earth. Earthen
check-dams however, are typically not
recommended due to their potential to erode. A
weep hole(s) may be added to a check-dam to
allow the retained volume to slowly drain out. Care
should be taken to ensure that the weep hole(s) is
not subject to clogging. In the case of a stone
check-dam, a better approach might be to allow low flows (2-year storm) to drain through the
stone, while allowing higher flows (10-year storm) drain through a weir in the center of the dam.
Flows through a stone check-dam are a function of stone size, flow depth, flow width, and flow
path length through the dam. The following equation can be used to estimate the flow through a
stone check dam up to 6 feet long:

g =h's/ (L/D + 2.5 + L?)°s

where:
g = flow rate exiting check dam (cfs/ft)
h = flow depth (ft)
L = length of flow (ft)
D = average stone diameter (ft) (more uniform gradations are preferred)

For low flows, check-dam geometry and swale width are actually more influential on flow than

stone size. The average flow length through a check-dam as a function of flow depth can be
determined by the following equation:
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L =(ss) x(2d —h)
where:
ss = check dam side slope (maximum 2:1)
d = height of dam (ft)
h = flow depth (ft)

When swale flows overwhelm the flow-through capacity of a stone check-dam, the top of the
dam shall act as a standard weir (use standard weir equation). (Though a principal spillway, 6
inches below the height of the dam, may also be required depending on flow conditions.) If the
check-dam is designed to be overtopped, appropriate selection of aggregate will ensure stability
during flooding events. In general, one stone size for a dam is recommended for ease of
construction. However, two or more stone sizes may be used, provided a larger stone (e.g. R-
4) is placed on the downstream side, since flows are concentrated at the exit channel of the
weir. Several feet of smaller stone (e.g. AASHTO #57) can then be placed on the upstream
side. Smaller stone may also be more appropriate at the base of the dam for constructability
purposes.

4. The effectiveness of a vegetated swale is directly related to the contributing land use, the size of
the drainage area, the soil type, slope, drainage area imperviousness, proposed vegetation, and
the swale dimensions. Use of natural low points in the topography may be suited for swale
location, as are natural drainage courses although infiltration capability may also be reduced in
these situations. The topography of a site should allow for the design of a swale with sufficiently
mild slope and flow capacity. Swales are impractical in areas of extreme (very flat or steep)
slopes. Of course, adequate space is needed for vegetated swales. Swales are ideal as an
alternative to curbs and gutters along parking lots and along small roads in gently sloping
terrain.

Siting of vegetated swales should take into account the location and function of other site
features (buffers, undisturbed natural areas, etc.). Siting should also attempt to aesthetically fit
the swale into the landscape as much as possible. Sharp bends in swales should be avoided.

Implementing vegetated swales is challenging when development density exceeds four dwelling
units per acre, in which case the number of driveway culverts often increases to the point where
swales essentially become broken-pipe systems.

Where possible, construct swales in areas of uncompacted cut. Avoid constructing side slopes
in fill material. Fill slopes can be prone to erosion and/or structural damage by burrowing
animals.

5. Soil Testing is required when infiltration is planned (see Appendix C).

6. Guidelines for Infiltration Systems should be met as necessary (see Appendix C).

7. Swales are typically most effective, when treating an area of 1 to 2 acres although vegetated
swales can be used to treat and convey runoff from an area of 5 to 10 acres in size. Swales
serving greater than 10-acre drainage areas will provide a lesser degree water quality
treatment, unless special provisions are made to manage the increased flows.

8. Runoff can be directed into Vegetated Swales either as concentrated flows or as lateral sheet
flow drainage. Both are acceptable provided sufficient stabilization or energy dissipation is
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included (see #6). If flow is to be directed into a swale via curb cuts, provide a 2 to 3 inch drop
at the interface of pavement and swale. Curb cuts should be at least 12 inches wide to prevent
clogging and should be spaced appropriately.

9. Vegetated swales are sometimes used as pretreatment devices for other structural BMPs,
especially roadway runoff. However, when swales themselves are intended to effectively treat
runoff from highly impervious surfaces, pretreatment measures are recommended to enhance
swale performance. Pretreatment can dramatically extend the functional life of any BMP, as
well as increase its pollutant removal efficiency by settling out some of the heavier sediments.
This treatment volume is typically obtained by installing check dams at pipe inlets and/or
driveway crossings. Pretreatment options include a vegetated filter strip, a sediment forebay (or
plunge pool) for concentrated flows, or a pea gravel diaphragm (or alternative) with a 6-inch
drop where parking lot sheet flow is directed into a swale.

10. The soil base for a vegetated swale must provide stability and adequate support for proposed
vegetation. When the existing site soil is deemed unsuitable (clayey, rocky, coarse sands, etc.)
to support dense vegetation, replacing with approximately 12 inches of loamy or sandy soils is
recommended. In general, alkaline soils should be used to further reduce and retain metals.
Swale soils should also be well-drained. If the infiltration capacity is compromised during
construction, the first several feet should be removed and replaced with a blend of topsoil and
sand to promote infiltration and biological growth.

11. Swales are most efficient when their cross-sections are parabolic or trapezoidal in nature.
Swale side slopes are best within a range of 3:1 to 5:1 and should not be greater than 2:1 for
ease of maintenance and side inflow from sheet flow.

12. To ensure the filtration capacity and proper performance of swales, the bottom widths typically
range from 2 to 8 feet. Wider channels are feasible only when obstructions such as berms or
walls are employed to prohibit braiding or uncontrolled sub-channel formation. The maximum
bottom width to depth ratio for a trapezoidal swale should be 12:1.

13. Ideal swale vegetation should consist of a dense and diverse selection of close-growing, water-
resistant plants whose growing season preferably corresponds to the wet season. For swales
that are not part of a regularly irrigated landscaped area, drought tolerant vegetation should be
considered as well. Vegetation should be selected at an early stage in the design process, with
well-defined pollution control goals in mind. Selected vegetation must be able to thrive at the
specific site and therefore should be chosen carefully (See Appendix B). Use of native plant
species is strongly advised, as is avoidance of invasive plant species. Swale vegetation must
also be salt tolerant, if winter road maintenance activities are expected to contribute
salt/chlorides.
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14.

Table 6.8.1

Commonly used vegetation in swale (New Jersey BVP Manual, 2004)
Common Name Scientific Name Notes
Akai Saltgrass Pucanellia distans Cool, good for wet, saline swales
Fowl Bluegrass Poa palustris Cool, good for wet swales
Canada Blugjoint Calamagrostis canadensis | Cool, good for wet sweles
Creeping Bentgrass Agrastis palustris Cool, good for wet swales, salt tolerant
Red Fescue Festucaruora Cool, nat for wet swales
Redtap Agrostis gigantea Coal, good for wet swales
Rough Bluegrass Poa trivialis Cool, good for wet, shady swales
Switchgrass Panicumvirgatum Warm, good for wet sweles, somwe salt tolerance
Wildrye Blymus virginicusirigarius | Cool, good for wet, shady swales

Nates: These grasses are sod forming and can withstand frequent inundation, and are idela for the swele or
grass channel environment. Afeware also salt tolerant. Codl refers to cod season grasses that grow
during the colder temperatures of spring and fall. Warm refers to warm season grasses that grow most
vigorously during the hat , mid summer months.

By landscaping with trees along side slopes, swales can be easily and aesthetically integrated
into the overall site design without unnecessary loss of usable space. An important
consideration however, is that tree plantings allow enough light to pass and sustain a dense
ground cover. When the trees have reached maturity, they should provide enough shade to
markedly reduce high temperatures in swale runoff.

Check the temporary and permanent stability of the swale using the standards outlined in the
Pennsylvania Erosion and Sediment Pollution Control Program Manual. Swales should convey
either 2.75 cfs/acre or the calculated peak discharge from a 10-year storm event. The
permissible velocity design method may be used for design of channel linings for bed slopes
<0.10 ft/ft; use of the maximum permissible shear stress is acceptable for all bed slopes. Flow
capacity, velocity, and design depth in swales are generally calculated by Manning’s equation.

Prior to establishment of vegetation, a swale is particularly vulnerable to scour and erosion and
therefore its seed bed must be protected with temporary erosion control, such as straw matting,
compost blankets, or curled wood blankets. Most vendors will provide information about the
Manning’s ‘n’ value and will specify the maximum permissible velocity or allowable shear stress
for the lining material.

The post-vegetation establishment capacity of the swale should also be confirmed. Permanent
turf reinforcement may supersede temporary reinforcement on sites where not exceeding the
maximum permissible velocity is problematic. If driveways or roads cross a swale, culvert
capacity may supersede Manning’s equation for determination of design flow depth. In these
cases, the culvert should be checked to establish that the backwater elevation would not exceed
the banks of the swale. If the culverts are to discharge to a minimum tailwater condition, the exit
velocity for the culvert should be evaluated for design conditions. If the maximum permissible
velocity is exceeded at the culvert outlet, energy dissipation measures should be implemented.
The following tables list the maximum permissible shear stresses (for various channel liners)
and velocities (for channels lined with vegetation) from the Pennsylvania Erosion and Sediment
Pollution Control Program Manual.
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Maximum Permissible Shear Stresses for Various Chan  nel Liners

Lining Category Lining Type Ib/ft2
Unlined - Erodible Soils* Silts, Fine - Medium Sands 0.03
Coarse Sands 0.04
Very Coarse Sands 0.05
Fine Gravel 0.10
Erosion Resistant Soils** Clay loam 0.25
Silty Clay loam 0.18
Sandy Clay Loam 0.10
Loam 0.07
Silt Loam 0.12
Sandy Loam 0.02
Gravely, Stony, Channery Loam 0.05
Stony or Channery Silt Loam 0.07
Temporary Liners Jute 0.45
Straw with Net 1.45
Cair - Double Net 2.25
Coconut Fiber - Double Net 2.25
Curled Wood Mat 1.55
Curled Wood - Double Net 1.75
Curled Wood - Hi Velocity 2.00
Synthetic Mat 2.00
Vegetative Liners Class B 2.10
Class C 1.00
Class D 0.60
Riprap*** R-1 0.25
R-2 0.50
R-3 1.00
R-4 2.00
R-5 3.00
R-6 4.00
R-7 5.00
R-8 8.00

*  Soils having an erodibility "K" factor greater than 0.37

** Soils having an erodibility "K" factor less than or equal to 0.37

*** Permissible shear stresses based on rock at 165 Ib/cuft. Adjust velocities for other rock
weights used. See Table 12.

Manufacturer's shear stress values based on independent tests may be used.

Maximum Permissible Velocities for Channels Lined w ith Vegetation

6

Slope Range Erosion
Cover Percent resistant Soil* Easily Eroded Soil®

Kentucky Bluegrass <5 7° 5
Tall Fescue 5-10 6° 4

>10 5 3
Grass Mixture <5 5 4
Reed Canarygrass 5-10 4 3
Serecea Lespedeza <5 35 2.5
Weeping Lovegrass
Redtop
Red Fescue
Annuals <5 35 2.5
Temporary cover only
Sudangrass

Cohesive (clayey) fine grain soils and coarse grain soils with a plasticity index OF 10 TO 40

(CL, CH, SC and GC). Soils with K values less than 0.37.

%30ils with K values greater than 0.37.

3Use velocities exceeding 5 ft/sec only where good cover and proper maintenance can be obtained.
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15. Manning’s 018 I
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Figure D9.1 Manning's n Value with Varying Flow Depth (Source: Claytor and
Schueler, 1985)

16. If swales are
designed according to the guidelines discussed in this section, significant levels of pollutant
reduction can be expected through filtration and infiltration. In a particular swale reach, runoff
should be well filtered by the time it flows over a check-dam. Thus, the stabilizing stone apron
on the downhill side of the check-dam may be designed as an extension of an infiltration trench.
In this way, only filtered runoff will enter a subsurface infiltration trench, thereby reducing the
threat of groundwater contamination by metals.

17. Culverts are typically used in a vegetated swale at driveway or road crossings. By oversizing
culverts and their flow capacity, cold weather concerns (e.g. clogging with snow) are lessened.

18. Where grades limit swale slope and culvert size, trench drains may be used to cross driveways.
19. Swales should discharge to another structural BMP (bioretention, infiltration basin, constructed
wetlands, etc.), existing stormwater infrastructure, or a stable outfall.
Detailed Stormwater Functions
Infiltration Area (if needed)
Volume Reduction Calculations
The volume retained behind each check-dam can be approximated from the following equation:
Storage Volume = 0.5 x Length of Swale Impoundment Area Per Check Dam x Depth of Check Dam x

(Top Width of Check Dam + Bottom Width of Check Dam) / 2
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Provide for scour (a) Cross section of swale with check dam.
protection.

(b) Dimensional view of swale impoundment area.

Peak Rate Mitigation

See Chapter 8 for Peak Rate Mitigation methodology, which addresses link between volume reduction
and peak rate control.

Water Quality Improvement

See Chapter 8 for Water Quality Improvement methodology, which addresses pollutant removal
effectiveness of this BMP.

Construction Sequence

1. Begin vegetated swale construction only when the upgradient temporary erosion and sediment
control measures are in place. Vegetated swales should be constructed and stabilized early in
the construction schedule, preferably before mass earthwork and paving increase the rate and
volume of runoff. (Erosion and sediment control methods shall adhere to the Pennsylvania
Department of Environmental Protection’s Erosion and Sediment Pollution Control Program
Manual, March 2000 or latest edition.)

2. Rough grade the vegetated swale. Equipment shall avoid excessive compaction and/or land
disturbance. Excavating equipment should operate from the side of the swale and never on the
bottom. If excavation leads to substantial compaction of the subgrade (where an infiltration
trench is not proposed), 18 inches shall be removed and replaced with a blend of topsoil and
sand to promote infiltration and biological growth. At the very least, topsoil shall be thoroughly
deep plowed into the subgrade in order to penetrate the compacted zone and promote aeration
and the formation of macropores. Following this, the area should be disked prior to final grading
of topsaoil.

3. Construct check dams, if required.
4. Fine grade the vegetated swale. Accurate grading is crucial for swales. Even the smallest non-

conformities may compromise flow conditions.
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5. Seed, vegetate and install protective lining as per approved plans and according to final planting

list. Plant the swale at a time of the year when successful establishment without irrigation is
most likely. However, temporary irrigation may be needed in periods of little rain or drought.
Vegetation should be established as soon as possible to prevent erosion and scour.

Once all tributary areas are sufficiently stabilized, remove temporary erosion and sediment
controls. Itis very important that the swale be stabilized before receiving upland stormwater
flow.

Follow maintenance guidelines, as discussed below.
Note: If a vegetated swale is used for runoff conveyance during construction, it should be

regraded and reseeded immediately after construction and stabilization has occurred. Any
damaged areas should be fully restored to ensure future functionality of the swale.

Maintenance Issues

Compared to other stormwater management measures, the required upkeep of vegetated swales is
relatively low. In general, maintenance strategies for swales focus on sustaining the hydraulic and
pollutant removal efficiency of the channel, as well as maintaining a dense vegetative cover.
Experience has proven that proper maintenance activities ensure the functionality of vegetated swales
for many years. The following schedule of inspection and maintenance activities is recommended:

Maintenance activities to be done annually and with in 48 hours after every major storm event (>
1 inch rainfall depth):

Inspect and correct erosion problems, damage to vegetation, and sediment and debris
accumulation (address when > 3 inches at any spot or covering vegetation)

Inspect vegetation on side slopes for erosion and formation of rills or gullies, correct as needed

Inspect for pools of standing water; dewater and discharge to an approved location and restore
to design grade

Mow and trim vegetation to ensure safety, aesthetics, proper swale operation, or to suppress
weeds and invasive vegetation; dispose of cuttings in a local composting facility; mow only
when swale is dry to avoid rutting

Inspect for litter; remove prior to mowing

Inspect for uniformity in cross-section and longitudinal slope, correct as needed

Inspect swale inlet (curb cuts, pipes, etc.) and outlet for signs of erosion or blockage, correct as
needed

Maintenance activities to be done as needed:

Plant alternative grass species in the event of unsuccessful establishment
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« Reseed bare areas; install appropriate erosion control measures when native soil is exposed or
erosion channels are forming

* Rototill and replant swale if draw down time is more than 48 hours

« Inspect and correct check dams when signs of altered water flow (channelization, obstructions,
erosion, etc.) are identified

* Water during dry periods, fertilize, and apply pesticide only when absolutely necessary

Most of the above maintenance activities are reasonably within the ability of individual homeowners.
More intensive swales (i.e. more substantial vegetation, check dams, etc.) may warrant more intensive
maintenance duties and should be vested with a responsible agency. A legally binding and enforceable
maintenance agreement between the facility owner and the local review authority might be warranted to
ensure sustained maintenance execution. Winter conditions also necessitate additional maintenance
concerns, which include the following:

« Inspect swale immediately after the spring melt, remove residuals (e.g. sand) and replace
damaged vegetation without disturbing remaining vegetation.

» If roadside or parking lot runoff is directed to the swale, mulching and/or soil
aeration/manipulation may be required in the spring to restore soil structure and moisture
capacity and to reduce the impacts of deicing agents.

e Use nontoxic, organic deicing agents, applied either as blended, magnesium chloride-based
liquid products or as pretreated salt.

» Use salt-tolerant vegetation in swales.

Cost Issues

As with all other BMPs, the cost of installing and maintaining Vegetated Swales varies widely with
design variability, local labor/material rates, real estate value, and contingencies. In general, Vegetated
Swales are considered relatively low cost control measures. Moreover, experience has shown that
Vegetated Swales provide a cost-effective alternative to traditional curbs and gutters, including
associated underground storm sewers. The following table compares the cost of a typical vegetated
swale (15 ft top width) with the cost of traditional conveyance elements.

Structure: Swale Underground Pipe  Qurb & Gutter
Construction Cost (per|$4.50 - $8.50 (from seed) [$2 per foot per inch $13 - $15
linear foot) $15 - $20 (from sod) of diameter

Annual O&M cost (per $0.75 No data No data
linear foot)

'I"otal Annual Cost (per|$1 (from seed) $2 No data No data
linear foot) (from sod)

Lifetime (years 50 20
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It is important to note that the costs listed above are strictly estimates and shall be used for design
purposes only. Also, these costs do not include the cost of activities such as clearing, grubbing,
leveling, filling, and sodding (if required). The Southeastern Wisconsin Regional Planning Commission
(SEWRPC, 1991) reported that actual costs, which do include these activities, may range from $8.50 to
$50.00 per linear foot depending on swale depth and bottom width. When all pertinent construction
activities are considered, it is still likely that the cost of vegetated swale installation is less than that of
traditional conveyance elements. When annual operation and maintenance costs are considered
however, swales may prove the more expensive option, though they typically have a much longer
lifespan.

Specifications

The following specifications are provided for information purposes only. These specifications include
information on acceptable materials for typical applications, but are by no means exclusive or limiting.
The designer is responsible for developing detailed specifications for individual design projects in
accordance with the project conditions.

1. _Swale Soil shall be USCS class ML (Inorganic silts and very fine sands, rock flour, silty or
clayey fine sands with slight plasticity), SM (Silty sands, poorly graded sand-silt mixtures), SW
(Well-graded sands, gravelly sands, little or no fines) or SC (Clayey sands, poorly graded sand-
clay mixtures). The first three of these designations are preferred for swales in cold climates.
In general, soil with a higher percent organic content is preferred.

2. _Swale Sand shall be ASTM C-33 fine aggregate concrete sand (0.02 in to 0.04 in).

3. _Check dams constructed of natural wood shall be 6 in to 12 in diameter and notched as
necessary. The following species are acceptable: Black Locust, Red Mulberry, Cedars,
Catalpa, White Oak, Chestnut Oak, Black Walnut. The following species are not acceptable, as
they can rot over time: Ash, Beech, Birch, EIm, Hackberry, hemlock, Hickories, Maples, Red
and Black Oak, Pines, Poplar, Spruce, Sweetgum, and Willow. An earthen check dam shall be
constructed of sand, gravel, and sandy loam to encourage grass cover (Sand: ASTM C-33 fine
aggregate concrete sand 0.02 in to 0.04 in, Gravel: AASHTO M-43 0.5in to 1.0 in). A stone
check dam_shall be constructed of R-4 rip rap, or equivalent.

4. Develop a native planting mix . (see Appendix B)

5. Ifinfiltration trench is proposed, see BMP 6.4.4 Infiltration Trench for specifications.
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BMP 6.4.9: Vegetated Filter Strip

The EPA defines a Vegetated Filter Strip as a “permanent, maintained strip of planted or indigenous
vegetation located between nonpoint sources of pollution and receiving water bodies for the purpose of
removing or mitigating the effects of nonpoint source pollutants such as nutrients, pesticides,
sediments, and suspended solids.”

i . . .
Kev Design Elements . Potential Applications

Residential: Yes

* Sheet Flow across Vegetated Filter Strip Commercial: Yes
Ultra Urban: Limited
Industrial: Limited

Retrofit: Yes

* Filter Strip length is a function of the slope, vegetative cover, and
soil type.

* Minimum recommended length of Filter Strip is 25 ft, however )
shorter lengths provide some water quality benefits as well. Highway/Road: Yes

* Maximum Filter Strip slope is based on soil type and vegetated
cover. Stormwater Functions

* Filter strip slope should never exceed 8%. Slopes less than 5%
are generally preferred.
Volume Reduction: Low/Med.
Recharge: Low/Med.
Peak Rate Control: Low
W ater Quality: High

- Level spreading devices are recommended to provide uniform
sheet flow conditions at the interface of the Filter Strip and the
adjacent land cover.

* Maximum contributing drainage area slope is generally less than
5%, unless energy dissipation is provided.

* Minimum filter strip width should equal the width of the Water Quality Functions
contributing drainage area.

* Construction of filter strip should entail as little disturbance to

existing vegetation at the site as possible. TSS: 30%
* See Appendix B for list of acceptable filter strip vegetation. TP: 20%
NO3: 10%

Other Considerations

. Regular maintenance required for continued performance
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S0IL GROUP, SOIL TYPE, AND SLOPE
(SEE FIGURES 3-7)

Description

Filter strips are gently sloping, densely vegetated areas that filter, slow, and infiltrate sheet flowing
stormwater. Filter strips are best utilized to treat runoff from roads and highways, roof downspouts,
small parking lots, and pervious surfaces. In highly impervious areas, they are generally not
recommended as “stand alone” features, but as pretreatment systems for other BMPs, such as
Infiltration Trenches or Bioretention Areas. Filter Strips are primarily designed to reduced TSS levels,
however pollutant levels of hydrocarbons, heavy metals, and nutrients may also be reduced. Pollutant
removal mechanisms include sedimentation, filtration, absorption, infiltration, biological uptake, and
microbial activity. Depending on hydrologic soil group, vegetative cover type, slope, and length, a filter
strip can allow for a modest reduction in runoff volume through infiltration.

The vegetation for Filter Strips may be comprised of:
e Turf Grasses
- Meadow grasses, shrubs, and native vegetation, including trees
« Indigenous areas of woods and vegetation.

Filter strips may be comprised of a variety of trees, shrubs, and native vegetation to add aesthetic value
as well as water quality benefits. The use of turf grasses will increase the required length of the filter
strip, as compared to other vegetation options. The use of indigenous vegetated areas that have
surface features that disperse runoff is encouraged, as the use of these areas will also reduce overall
site disturbance and soil compaction. Runoff must be distributed so that erosive conditions cannot
develop.

The vegetation in Filter Strips must be dense and healthy. Indigenous wooded areas should have a

healthy layer of leaf mulch or duff. Indigenous areas that have surface features that concentrate flow
are not acceptable.
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The following example shows three filter strips that vary only by cover type. Each strip is on type ‘C’
soils and has a slope of 6%. Using the recommended sizing approach, the filter strip covered with turf
grass required a length of 100 ft, while the strip with indigenous woods required only 50 ft. The strip
covered with native grasses and some trees required 75 ft. Where the required length is not available,

a filter strip can still be used but it will be less effective.

Filter Strip Example #1: Turf Grass

100" MAX LENGTH FOR IMPERVIOUS
(150" MAX LENGTH FOR PERVIOUS)

-2° DROP AT PAVEMENT EDGE

% SLOPE

{10% MAX.)
M A -3

UNCOMPACTED  DyERFLOW TO NATURAL
SUBGRADE BUFFER OR VEGETATED
SWALE Oft OTHER BMP
TURF GRASS
B

3% SLOPE
y (5% MAXIMUM)

—illi

IMFERWIOUS
PAVEMENT

GRAVEL TRHENCH
LEVEL SPREADER

Filter Strip Example #2: Native Grasses and Plante@Voods Grass

75 Min

ly

=

Filter Strip Example #3: Indigenous Woods
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Variations

Filter strip effectiveness may be enhanced through the addition of a pervious berm at the toe of the
slope. A pervious berm allows for greater runoff velocity and volume reduction and thus better pollutant
removal ability, by providing a very shallow, temporarily ponded area. The berm should have a height
of not more than six to twelve inches and be constructed of sand, gravel, and sandy loam to encourage
vegetative cover. An outlet pipe(s) or overflow weir should be provided and sized to ensure that the
area drains within 24 hours, or to convey larger storm events. The berm must be erosion resistant
under the full range of storm events. Likewise, the ponded area should be planted with vegetation that
is resistant to frequent inundation.

Check dams may be implemented on filter strips wsitipes exceeding 5%. Check dams shall be
constructed of durable, nontoxic materials suctoel, brick, wood, not more than six inches in heig
and placed at appropriate intervals to encouragdipg and prevent erosion. Care must be taken to
prevent erosion around the ends of the check dams.

MAXIMUM WATER OPTIONAL VEGETATED
SURFACE ELEVATION EARTHEN BERM

{TO DRAIN WITHIN

24 HRS) i [ MAX 3:1 SIDE

st R (| SLOPES

OPTIONAL 4" 0 CONSTRUCT BERM W/
ciirritodeing OUTLET PIPE SAND, GRAVEL, AND
SANDY LOAM TO PROMOTE
VEGETATIVE COVER

Applications

» Residential development lawn and housing areas

« Roads and highways

- Parking lots

« Pretreatment for other structural BMPs (Infiltration Trench, Bioretention, etc.)
« Commercial and light industrial facilities

» As part of a Riparian Buffer (located in Zone 3)

Design Considerations
1. The design of vegetated filter strips is determined by site conditions (contributing drainage area,

length, slope, etc.) site soil group, proposed cover type, and filter strip slope. The filter length
can be determined from the appropriate graph shown below the text.
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2. Level spreading devices or other measures may be required to provide uniform sheet flow
conditions at the interface of the filter strip and the adjacent land cover. Concentrated flows are

explicitly discouraged from entering filter strips, as they can lead to erosion and thus failure of
the system. Examples of level spreader applications include:

a. A gravel-filled trench, installed along the entire upgradient edge of the strip. The gravel
in the trenches may range from pea gravel (ASTM D 448 size no. 6, 1/8” to 3/8") for
most cases to shoulder ballast for roadways. Trenches are typically 12” wide, 24-36"
deep, and lined with a nonwoven geotextile. When placed directly adjacent to an
impervious surface, a drop (between the pavement edge and the trench) of 1-2” is
recommended, in order to inhibit the formation of the initial deposition barrier.

" UNIFORMLY GRADED, CLEAN-

STANDARD IMPERVIOUS | 24{36 : | WASHED COARSE AGGREGATE
PAVEMENT ~ (AASHTO #3)
LINE SIDES AND BOTTOM OF
_ TRENCH WITH NON WOVEN
v "‘:g::m = GEQTEXTILE FABRIC
b. Curb stops
SLOPE NOT TO
EXCEED B %
VEGETATION PER
COMCRETE CLRE W/ PLANTING REQUIREMENTS
17" CUTOUTS, 8" 0.C MIMIMUM TOPSOIL
DEPTHE"

GRADED, UNCOMPACTED

STANDARD ASPHALT ' : e T ORLIGHTLY COMPACETED
FAVEMENT AND BASE SUBGRADE
a FILTER STR¥ LENGTH =
PER SOILSLOPECOVER
REQUIREMENTS

c. Concrete sill (or lip)
d. Slotted or depressed curbs

e. An earthen berm with optional perforated pipe.
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3. Although in some locations more “natural” spreader designs and materials, such as earthen
berms, are desirable, they can be more susceptible to failure due to irregularities in berm
elevation and density of vegetation. When it is desired to treat runoff from roofs or curbed
impervious areas, a more structural approach, such as a gravel trench, is required. In this case,
runoff shall be directly conveyed, via pipe from downspout or inlet, into the subsurface gravel
and uniformly distributed by a perforated pipe along the trench bottom.

4. The upstream edge of a filter strip should be level and directly abut the contributing drainage
area.

5. The seasonal high water table should be at least 2 to 4 ft lower than any point along the filter
strip.

6. In areas where the soil infiltration rate has been compromised (e.g. by excessive compaction),
the filter strip shall be tilled prior to establishment of vegetation. However, tilling will only have
an effect on the top 12-18 inches of the soil layer. Therefore, other measures, such as planting
trees and shrubs, may be needed to provide deeper aeration. Deep root penetration will
promote greater absorptive capacity of the soil.

7. The ratio of contributing drainage area to filter strip area should not exceed 6:1.

8. The filter strip area should be densely vegetated with a mix of salt- and drought- tolerant and
erosion-resistant plant species. Filter strip vegetation, whether planted or indigenous, may
range from turf and native grasses to herbaceous and woody vegetation. The optimal
vegetation strategy consists of plants with dense growth patterns, a fibrous root system for
stability, good regrowth ability (following dormancy and cutting), and adaptability to local soil and
climatic conditions. Native vegetation is always preferred. (See Appendix B for vegetation
recommendations.)

9. Natural areas, such as forests and meadows, should not be unduly disturbed by the creation of
a filter strip. If these areas are not already functional as natural filters, they may be enhanced
by restorative methods or construction of a level spreader.

10. Maximum lateral slope of filter strip is 1%.

11. To prohibit runoff from laterally bypassing a strip, berms and/or curbs can be installed along the
sides of the strip, parallel to the direction of flow.

12. Pedestrian and/or vehicular traffic on filter strips should be strictly discouraged. Since the
function of filter strips can be easily overlooked or forgotten over time, a highly visible, physical
“barrier” is suggested. This can be accomplished, at the discretion of the owner, by simple post
and chain, signage, or even the level-spreading device itself.

13. Vegetated filter strips may be designed to discharge to a variety of features, including natural
buffer areas, vegetated swales, infiltration basins, or other structural BMPs.

14. In cold climates, the following recommendations should be considered:
a. Filter strips often make convenient areas for snow storage. Thus, filter strip vegetation
should be salt-tolerant and the maintenance schedule should involve removal of sand
buildup at the toe of the slope.
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b. The bottom of the gravel trench (if used as the level spreader) should be placed below
the frost line to prohibit water from freezing in the trench. The perforated pipe in the
trench should be at least 8 inches in diameter to further discourage freezing.

c. Other water quality options may be explored to provide backup to filter strips during the
winter, when their pollutant removal ability is reduced.

Required Length as a Function of Slope, Soil Cover

Maximum Filter Strip Slope (Percent)
. . . Hydrologic
Filter Strip Soil Type yerood Turf Grass, Native | Planted and Indigenous
Soil Group
Grasses and Meadows Woods
Sand A 7 5
Sandy Loam B 8 7
Loam, Silt Loam B 8 8
Sandy Clay Loam C 8 8
Clay Loam, Silty Clay, Clay D 8 8
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Drainage Area Soil: Sandy Clay Loam HSG: C
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Detailed Stormwater Functions

Volume Reduction Calculations
To determine the volume reduction over the length of a filter strip the following equation is
recommended:

Filter Strip Volume Reduction = Filter Strip Area X Infiltration Rate x Storm Duration

When a berm is positioned at the toe of the slope, the total volume reduction shall be defined as the
amount calculated above plus the following:

Berm Storage Volume = (Cross-sectional Area Behind Berm x Length of Berm) + (Surface Area Behind
Berm x Infiltration Rate x 12 hours)

The inundated area behind the berm should be designed to drain within 24 hours. An outlet pipe or
overflow weir may be needed to provide adequate drain down. In that case, the infiltration volume
behind the berm should be adjusted based on the invert of the overflow mechanism.

Peak Rate Mitigation Calculations
See in Section 8 for Peak Rate Mitigation methodology which addresses link between volume reduction
and peak rate control.

Water Quality Improvement
See in Section 8 for Water Quality Improvement methodology which addresses pollutant removal
effectiveness of this BMP.

Construction Sequence

1. Begin filter strip construction only when the upgradient site has been sufficiently stabilized and
temporary erosion and sediment control measures are in place. (Erosion and sediment control
methods shall adhere to the Pennsylvania Department of Environmental Protection’s Erosion
and Sediment Pollution Control Program Manual, March 2000 or latest edition.) The strip
should be installed at a time of the year when successful establishment without irrigation is most
likely. However, temporary irrigation may be needed in periods of little rain or drought.

2. For planted (not indigenous Filter Strips) clear and grub site as needed. Care should be taken to
disturb as little existing vegetation as possible, whether in the designated filter strip area or in
adjacent areas, and to avoid soil compaction. Grading a level slope may require removal of
existing vegetation.

3. Rough grade the filter strip area, including the berm at the toe of the slope, if proposed. Use the
lightest, least disruptive equipment to avoid excessive compaction and/or land disturbance.

4. Construct level spreader device at the upgradient edge of the strip. For gravel trenches, do not
compact subgrade (Follow construction sequence for Infiltration Trench).

5. Fine grade the filter strip area. Accurate grading is crucial for filter strips. Even the smallest
irregularities may compromise sheet flow conditions.
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6. Seed or sod, as desired. Plant more substantial vegetation, such as trees and shrubs, if
proposed. If sod is proposed, place tiles tightly enough to avoid gaps and stagger the ends to
prevent channelization along the strip. Use a roller on sod to prevent air pockets between the
sod and soil from forming.

7. Concurrent with #6, stabilize seeded filter strips with appropriate permanent soil stabilization
methods, such as erosion control matting or blankets. Erosion control for seeded filter strips
should be maintained for at least the first 75 days following the first storm event of the season.

8. Once the filter strip is sufficiently stabilized, remove temporary erosion and sediment controls. It
is very important that filter strip vegetation be fully established before receiving upland
stormwater flow. One full growing season is the recommended minimum time for
establishment. Some seed mixtures may require a longer time period to become established.

9. Follow maintenance guidelines, as discussed below.

Note: When and if a filter strip is used for temporary sediment control, it might need to be regraded and
reseeded immediately after construction and stabilization has occurred.

Maintenance Issues

As with other vegetated BMPs, filter strips should be properly maintained to ensure their effectiveness.
In particular, it is critical that sheet flow conditions and infiltration are sustained throughout the life of the
filter strip. Field observations of strips in more urban settings show that their effectiveness can
deteriorate due to lack of maintenance, inadequate design/location, and poor vegetative cover.
Compared with other vegetated BMPs, filter strips require only minimal maintenance efforts, many of
which may overlap with standard landscaping demands.

Vegetated filter strip components that receive or trap sediment and debris should be inspected for
clogging, density of vegetation, damage by foot or vehicular traffic, excessive accumulations, and
channelization. Inspections should be made on a quarterly basis for the first two years following
installation, and then on a biannual basis thereafter. Inspections should also be made after every storm
event greater than 1 in during the establishment period. Guidance information, usually in written
manual form, for operating and maintaining filter strips should be provided to all facility owners and
tenants. Facility owners are encouraged to keep an inspection log, where they can record all
inspection dates, observations, and maintenance activities.

Sediment and debris should be routinely removed (but never less than biannually), or upon
observation, when buildup exceeds 2 inches in depth in either the strip itself or the level spreader. If
erosion is observed, measures should be taken to improve the level spreader or other dispersion
method to address the source of erosion. Rills and gullies observed along the strip may be filled with
topsoil, stabilized with erosion control matting, and either seeded or sodded, as desired. For channels
less than 12 inches wide, filling with crushed gravel, which allows grass to creep in over time, is
acceptable. For wider channels, i.e. greater than 12 inches, regrading and reseeding may be
necessary. (Small bare areas may only require overseeding.) Regrading may also be required when
pools of standing water are observed along the slope. (In no case should standing water be tolerated
for longer than 48-72 hours.) If check dams are proposed, they should be inspected for cracks, rot,
structural damage, obstructions, or any other factors that cause altered flow patterns or channelization.
Inlets or sediment sumps that drain to filter strips should be cleaned periodically or as needed.
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Sediment should be removed when the filter strip is thoroughly dry. Trash and debris removed from the
site should be deposited only at suitable disposal/recycling sites and must comply with applicable local,
state, and federal waste regulations. In the case where a filter strip is used for sediment control, it
should be regraded and reseeded immediately after construction has concluded.

Maintaining a vigorous vegetative cover on a filter strip is critical for maximizing pollutant removal
efficiency and erosion prevention. Grass cover should be mowed, with low ground pressure
equipment, as needed to maintain a height of 4-6 inches. Mowing should be done only when the soil is
dry, in order to prevent tracking damage to vegetation, soil compaction, and flow concentrations.
Generally speaking, grasses should be allowed to grow as high as possible, but mowed frequently
enough to avoid troublesome insects or noxious weeds. Fall mowing should be controlled to a grass
height of 6 inches, to provide adequate wildlife winter habitat. When and where cutting is desired for
aesthetic reasons, a high blade setting should be used.

If vegetative cover is not fully established within the designated time, it should be replaced with an
alternative species. It is standard practice to contractually require the contractor to replace dead
vegetation. Unwanted or invasive growth should be removed on an annual basis. Biweekly
inspections are recommended for at least the first growing season, or until the vegetation is
permanently established. Once the vegetation is established, inspections of health, diversity, and
density should be performed at least twice per year, during both the growing and non-growing season.
Vegetative cover should be sustained at 85% and reestablished if damage greater than 50% is
observed. Whenever possible, deficiencies in vegetation are to be mollified without the use of fertilizers
or pesticides. These treatment options, as well as any other methods used to achieve optimum
vegetative health, should only be used under special circumstances and if they do not compromise the
functionality of the filter strip.

Two other maintenance recommendations involve soil aeration and drain down time. If a filter strip
exhibits signs of poor drainage and/or vegetative cover, periodic soil aeration may be needed. In
addition, depending on soil characteristics, the strip may need periodic liming. The design and
maintenance plan of filter strips, especially those with flow obstructions should specify the approximate
time it would take for the system to “drain down” the maximum design storm runoff volume. Post-
rainfall inspections should include evaluations of the filter’s actual drain down time compared to the
specified time. If significant differences (either increase or decrease) are observed, or if the 72 hour
maximum time is exceeded, strip characteristics such as soils, vegetation, and groundwater levels
should be reevaluated. Measures should be taken to establish, or reestablish as the case may be, the
specified drain down time of the system.

Cost Issues

The real cost of filter strips is the land they require. When unused land is readily available at a site,
filter strips may prove a sensible and cost-effective approach. However, where land costs are at a

premium (i.e. not readily available), this practice may prove cost-prohibitive in the end. The cost of
establishing a filter strip itself is relatively minor. Of course, the cost is even less when an existing

grass or meadow area is identified as a possible filter strip area before development begins.

The cost of filter strips includes grading, sodding (when applicable), installation of vegetation (trees,
shrubs, etc.), the construction of a level spreader, and the construction of a pervious berm, if proposed.
Depending on whether seed or sod is applied, not to mention enhanced vegetation use or design
variations, construction costs may range anywhere from $0 (assuming the area was to be grassed
regardless of use as treatment) to $50,000 per acre. The annual cost of maintaining filter strips
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(mowing, weeding, inspection, litter removal, etc.) generally runs from $100 to $1400 per acre and in
fact, may overlap with standard landscape maintenance costs. Maintenance costs are highly variable,
as they are a function of frequency and local labor rates.

Specifications

The following specifications are provided for information purposes only. These specifications include
information on acceptable materials for typical applications, but are by no means exclusive or limiting.
The designer is responsible for developing detailed specifications for individual design projects in
accordance with the project conditions.

1. Vegetation — See Appendix B
2. Erosion and Sediment _ Control components shall conform to the Pennsylvania Department of

Environmental Protection’s Erosion and Sediment Pollution Control Program Manual, March
2000 or latest edition.

For a gravel trench level spreader:

3. Pipe should be continuously perforated, smooth interior, high-density polyethylene (HDPE) with
a minimum inside diameter of 8-inches. The pipe should meet AASHTO M252, Type S or
AASHTO M294, Type S.

4. Stone for infiltration trenches should be 2-inch to 1-inch uniformly graded coarse aggregate, with
a wash loss of no more than 0.5%, AASHTO size number 3 per AASHTO Specifications, Part |,
19th Ed., 1998, or later and should have voids = 35% as measured by ASTM-C29.

Pea gravel (clean bank-run gravel) may also be used. Pea gravel should meet ASTM D 448
and be sized as per No.6 or 1/8” to 3/8".

5. Non-Woven Geotextile _ should consist of needled non-woven polypropylene fibers and meet the
following properties:
a. Grab Tensile Strength (ASTM-D4632) > 120 Ibs
b. Mullen Burst Strength (ASTM-D3786) > 225 psi
c. Flow Rate (ASTM-D4491) > 95 gal/min/ft2
d. UV Resistance after 500 hrs (ASTM-D4355) > 70%
e. Heat-set or heat-calendared fabrics are not permitted
Acceptable types include Mirafi 140N, Amoco 4547, and Geotex 451.

6. Check dams constructed of natural wood should be 6 in to 12 in inches diameter and notched
as necessary. The following species are acceptable: Black Locust, Red Mulberry, Cedars,
Catalpa, White Oak, Chestnut Oak, Black Walnut. The following species are not acceptable
since they can rot over time: Ash, Beech, Birch, EIm, Hackberry, Hemlock, Hickories, Maples,
Red and Black Oak, Pines, Poplar, Spruce, Sweetgum, and Willow. An earthen check dam
should be constructed of sand, gravel, and sandy loam to encourage grass cover. (Sand:
ASTM C-33 fine aggregate concrete sand 0.02 in to 0.04 in, Gravel: AASHTO M-43 0.5into 1.0
in). A stone check dam should be constructed of R-4 rip rap, or equivalent.
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7. Pervious Berms The berm should have a height of 6-12 in and be constructed of sand, gravel,
and sandy loam to encourage grass cover. (Sand: ASTM C-33 fine aggregate concrete sand
0.027-0.04", Gravel: AASHTO M-43 ¥2" to 17)
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BMP 6.4.10: Infiltration Berm & Retentive Grading

topsoil — - clay {optional)

M
-
ideal substrate layers for a berm

An Infiltration Berm is a mound of compacted earth with sloping sides that is usually located along a
contour on relatively gently sloping sites. Berms can also be created through excavation/removal of
upslope material, effectively creating a Berm with the original grade. Berms may serve various
stormwater drainage functions including: creating a barrier to flow, retaining flow and allowing infiltration
for volume control, and directing flows. Grading may be designed in some cases to prevent rather than
promote stormwater flows, through creation of "saucers" or "lips" in site yard areas where temporary
retention of stormwater does not interfere with use.

Key Design Elements

Potential Applications

Residential: Yes
Commercial: Yes
Ultra Urban: Limited
Industrial: Yes
Retrofit: Yes
Highway/Road: Yes

* Maintain a minimum 2-foot separation to bedrock and seasonally
high water table, provide distributed infiltration area (5:1
impervious area to infiltration area - maximum), site on natural,
uncompacted soils with acceptable infiltration capacity, and follow
other guidelines described in Protocol 2: Infiltration Systems
Guidelines Stormwater Functions
- Berms should be relatively low, preferably no more than 24
inches in height.

Volume Reduction: Low/Med.
Recharge: Low

Peak Rate Control: Medium
* The crest of the berm should be located near one edge of the W ater Quality: Med./High

berm, rather than in the middle, to allow for a more natural,
asymmetrical shape.

- If berms are to be mowed, the berm side slopes should not
exceed a ratio of 4:1 to avoid "scalping" by mower blades.

- Berms should be vegetated with turf grass at a minimum, Water Quality Functions
however more substantial plantings such as meadow vegetation,
shrubs and trees are recommended.

TSS: 60%
TP: 50%
NO3: 40%

Other Considerations

* Protocol 1. Site Evaluation and Sail Infiltration Testing and Protocol 2. Infiltration Systems Guidelines
should be followed, see Appendix C
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Description

Infiltration Berms are linear landscape features located along (i.e. parallel to) existing site contours in a
moderately sloping area. They can be described as built-up earthen embankments with sloping sides,
which function to divert, retain and promote infiltration, slow down, or divert stormwater flows. Berms
are also utilized for reasons independent of stormwater management, such as to add interest to a flat
landscape, create a noise or wind barrier, separate land uses, screen undesirable views or to enhance
or emphasize landscape designs. Berms are often used in conjunction with recreational features, such
as pathways through woodlands. Therefore, when used for stormwater management, berms and other
retentive grading techniques can serve multifunctional purposes and are easily incorporated into the
landscape.

Infiltration Berms create shallow depressions that collect and temporarily store stormwater runoff,
allowing it to infiltrate into the ground and recharge groundwater. Infiltration berms may be constructed
in series along a gradually sloping area.

1. Infiltration berms can be constructed on disturbed slopes and revegetated as part of the
construction process. Infiltration berms should not be installed on slopes where soils having low
shear strength (or identified as “slip prone” or “landslide prone”, etc.) have been mapped.

2. They can be installed along the contours within an existing woodland area to slow and infiltrate
runoff from a development site.

3. May be constructed in combination with a subsurface infiltration trench at the base of the berm.

Infiltration Berms can provide runoff rate and volume control, though the level to which they do is limited
by a variety of factors, including design variations (height, length, etc.), soil permeability rates,
vegetative cover, and slope. Berms are ideal for mitigating runoff from relatively small impervious
areas with limited adjacent open space (e.g. roads, small parking lots). Systems of parallel berms have
been used to intercept stormwater from roadways or sloping terrain. Berms can sometimes be
threaded carefully along contour on wooded hillsides, minimally disturbing existing vegetation and yet
still gaining stormwater management credit from the existing woodland used. Conversely, berms are
often incapable of controlling runoff from very large, highly impervious sites. Due to their relatively
limited volume capacity, the length and/or number of berms required to retain large quantities of runoff
make them impractical as the lone BMP in these cases. In these situations, berms are more
appropriately used as pre- or additional-treatment for other more distributed infiltration systems closer
to the source of runoff (i.e. porous pavement with subsurface infiltration).

Retentive grading may be employed in portions of sites where infiltration has been deemed to be
possible and where site uses are compatible. Ideally, such retentive grading will serve to create subtle
“saucers,” which contain and infiltrate stormwater flows. The “lip” of such saucers effectively function
as a very subtle berm, which can be vertically impervious when vegetated and integrated into the
overall landscape.
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Variations
Diversion Berms

Diversion Berms can be used to protect slopes from erosion and to slow runoff rate. They can also be
used to direct stormwater flow in order to promote longer flow pathways, thus increasing the time of
concentration. Diversion berms often:
1. Consist of compacted earth ridges usually constructed across a slope in series to intercept
runoff.
2. Can be incorporated within other stormwater BMPs to increase travel time of stormwater flow by
creating natural meanders while providing greater opportunity for pollutant removal and
infiltration.

Applications

* Meadow/Woodland Infiltration Berms
Infiltration Berms effectively control both the rate and volume of stormwater runoff. The berms
are constructed along the contours and serve to collect and retain stormwater runoff, allowing it
to infiltrate through the soil mantle and recharge the groundwater. Depressed areas adjacent to
the berms should be level so that concentrated flow paths are not encouraged. Infiltration
berms may have a variety of vegetative covers but meadow and woodland are recommended in
order to reduce maintenance. If turf grass is used, berms in series should be constructed with
enough space between them to allow access for maintenance vehicles. Also, berm side slopes
should not exceed a 4:1 ratio. Woodland infiltration berms can sometimes be installed within
existing wooded areas for additional stormwater management. Berms in wooded areas can
even improve the health of existing vegetation, through enhanced groundwater recharge. Care
should be taken during construction to ensure minimum disturbance to existing vegetation,
especially tree roots.
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* Slope Protection
Diversion Berms can be used to help protect steeply sloping areas from erosion. Berms may
divert concentrated discharge from a developed area away from the sloped area. Additionally,
berms may be installed in series down the slope to retain flow and spread it out along multiple
level berms to discourage concentrated flow.

* Flow Pathway Creation
Berms may be utilized to create or enhance stormwater flow pathways within existing or
proposed BMPs, or as part of an LID (Low Impact Development) strategy. Berms can be
installed such that vegetated stormwater flow pathways are allowed to “meander” so that
stormwater travel time is increased. For example, berms can be utilized within existing BMPs
as part of a retrofit strategy to eliminate short-circuited inlet/outlet situations within detention
basins provided care is taken to ensure the required storage capacity of the basin is maintained.
Flow pathway creation can be utilized as part of an LID strategy to disconnect roof leaders and
attenuate runoff, while increasing pervious flow pathways within developed areas. Berms
should be designed to compliment the landscape while diverting runoff across vegetated areas
and allowing for longer travel times to encourage pollutant removal and infiltration.

e Constructed Wetland Berms
Berms are often utilized within constructed wetland systems in order to create elongated flow
pathways with a variety of water depths. See BMP 6.6.1 — Constructed Wetlands.

Design Considerations

1. Sizing criteria are dependent on berm function, location and storage volume requirements.

a. Low berm height (less than or equal to 24 inches) is recommended to encourage
maximum infiltration and to prevent excessive ponding behind the berm. Greater
heights may be used where berms are being used to divert flow or to create
“meandering” or lengthened flow pathways. In these cases, stormwater is designed to
flow adjacent to (parallel to), rather than over the crest of the berm. Generally, more
berms of smaller size are preferable to fewer berms of large size.
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b. Berm length is dependent on functional need and site size. Berms installed along the
contours should be level and located across the slope. Maximum length will depend on
width of the slope. Generally speaking, diversion berm length will vary with the size and
constraints of the site in question.

2. Infiltration Berms should be constructed along (parallel to) contours at a constant elevation.

3. Soil. A berm may consist entirely of high quality topsoil. To reduce cost, only the top foot
needs to consist of high quality Topsoil, with well-drained soil making up the remainder of the
berm. The use of gravel is not recommended in the layers directly underneath the topsoill
because of the tendency of the soil to wash through the gravel. In some cases, the use of clay
may be required due to its cohesive qualities (especially where the berm height is high or
relatively steeply sloped). However, well-compacted soil usually is sufficient provided that the
angle of repose (see below) is not exceeded for the soil medium used.

A more sustainable alternative to importing berm soil from off-site is to balance berm cut and fill
material as much as possible, provided on-site soil is deemed suitable as per the Specifications
below. Ideally, the concave segment (infiltration area) of the berm is excavated to a maximum
depth of 12 inches and then used to construct the convex segment (crest of berm).

4. The Angle of Repose of Soil is the angle at which the soil will rest and not be subject to slope
failure. The angle of repose of any soil will vary with the texture, water content, compaction,
and vegetative cover. Typical angles of repose are given below:

Non-compacted clay: 5-20%
Dry Sand: 33%

Loam: 35-40%

Compacted clay: 50-80%

coow

5. Side Slopes . The angle of repose for the soil used in the berm should determine the maximum
slope of the berm with additional consideration to aesthetic, drainage, and maintenance needs.
If a berm is to be mowed, the slope should not exceed a 4:1 ratio (horizontal to vertical) in order
to avoid “scalping” by mower blades. If trees are to be planted on berms, the slope should not
exceed a 5:1 ratio. Other herbaceous plants, which do not require mowing, can tolerate slopes
of 3:1. Berm side slopes should not exceed a 2:1 ratio.

6. Plant Materials. It is important to consider the function and form of the berm when selecting
plant materials. If using trees, plant them in a pattern that appears natural and accentuates the
berm’s form. Consider tree species appropriate to the proposed habitat. If turf will be
combined with woody and herbaceous plants, the turf should be placed to allow for easy
maneuverability while mowing. Low maintenance plantings, such as trees and meadow plants,
rather than turf and formal landscaping, are encouraged.

7. Infiltration Design. Infiltration berms located along slopes should be composed of low berms
(less than 12 inches high) and should be vegetated. Subsurface soils should be uncompacted
to encourage infiltration behind the berms. Soil testing is not required where berms are located
within an existing woodland, but soil maps/data should be consulted when siting the berms.
Where feasible, surface soil testing should be conducted in order to estimate potential infiltration
rates.

363-0300-002 / December 3M06 Page 117 of 257



Pennsylvania Stormwater Best Management Practices Manual Chapter 6

8. Infiltration Trench Option.  Soil testing is recommended for infiltration berms that will utilize a
subsurface infiltration trench. Infiltration trenches are not recommended in existing woodland
areas as excavation and installation of subsurface trenches could damage tree root systems.
See BMP 6.4.4 — Infiltration Trench, for information on infiltration trench design.

9. Aesthetics. To the extent possible, berms should reflect the surrounding landscape. Berms
should be graded so that the top of the berm is smoothly convex and the toes of the berms are
smoothly concave. Natural, asymmetrical berms are usually more effective and attractive than
symmetrical berms. The crest of the berm should be located near one end of the berm rather
than in the middle.

desirable shape for a berm

Detailed Stormwater Functions
Infiltration Area

The Infiltration Area is the ponding area behind the berm, defined as:
Length of ponding x Width ponding area = Infiltration Area (Ponding Area)

Volume Reduction Calculations
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Storage volume can be calculated for Infiltration Berms. The storage volume is defined as the ponding
area created behind the berm, beneath the discharge invert (i.e. the crest of the berm). Storage
volume can be calculated differently depending on the variations utilized in the design.

Surface Storage Volume is defined as the volume of water stored on the surface at the ponding depth.

This is equal to:
Cross-sectional area of ponded water x Berm length = Surface Storage Volume

Peak Rate Mitigation:

See Section 8 for Peak Rate Mitigation methodology which addresses link between volume reduction
and peak rate control.

Water Quality Improvement:

See Section 8 for Water Quality Improvement methodology which addresses pollutant removal
effectiveness of this BMP.

Construction Sequence

The following is a typical construction sequence for a infiltration berm without a subsurface infiltration
trench, though alterations will be necessary depending on design variations.

1. Install temporary sediment and erosion control BMPs as per the Pennsylvania Erosion and
Sediment Pollution Control Program Manual.

2. Complete site grading and stabilize within the limit of disturbance except where Infiltration
Berms will be constructed; make every effort to minimize berm footprint and necessary zone of
disturbance (including both removal of exiting vegetation and disturbance of empty soil) in order
to maximize infiltration.

3. Lightly scarify the soil in the area of the proposed berm before delivering soil to site.

4. Bring in fill material to make up the major portion of the berm. Soil should be added in 8-inch
lifts and compacted after each addition according to design specifications. The slope and shape
of the berm should graded out as soil is added.

5. Protect the surface ponding area at the base of the berm from compaction. If compaction of this
area does occur, scarify soil to a depth of at least 8 inches.

6. Complete final grading of the berm after the top layer of soil is added. Tamp soil down lightly
and smooth sides of the berm. The crest and base of the berm should be at level grade.

7. Plant berm with turf, meadow plants, shrubs or trees, as desired.

8. Mulch planted and disturbed areas with compost mulch to prevent erosion while plants become
established.
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Maintenance Issues

Infiltration Berms have low to moderate maintenance requirements, depending on the design.

Infiltration Berms

Regularly inspect to ensure they are infiltrating; monitor drawdown time after major
storm events

Inspect any structural components, such as inlet structures to ensure proper functionality
If planted in turf grass, maintain by mowing. Other vegetation will require less
maintenance. Trees and shrubs may require annual mulching, while meadow planting
requires annual mowing and clippings removal.

Avoid running heavy equipment over the infiltration area at the base of the berms. The
crest of the berm may be used as access for heavy equipment when necessary to limit
disturbance.

Routinely remove accumulated trash and debris.

Remove invasive plants as needed

Inspect for signs of flow channelization; restore level gradient immediately after
deficiencies are observed

Diversion Berms

Cost Issues

Regularly inspect for erosion or other failures.
Regularly inspect structural components to ensure functionality.
Maintain turf grass and other vegetation by mowing and re-mulching.

Remove invasive plants as needed.
Routinely remove accumulated trash and debris.

Infiltration berms can be less expensive than other BMPs options because extensive clearing and
grubbing is not necessary. Cost will depend on height, length and width of berms as well as desired

vegetation.

Specifications

The following specifications are provided for information purposes only. These specifications include
information on acceptable materials for typical applications, but are by no means exclusive or limiting.
The designer is responsible for developing detailed specifications for individual design projects in
accordance with the project conditions.

1. Soil Materials
a. Satisfactory soil materials are defined as those complying with ASTM D2487 soll

classification groups GW, GP, GM, SM, SW, and SP.

b. Unsatisfactory soil materials are defined as those complying with ASTM D2487 soil

classification groups GC, SC, ML, MH, CL, CH, OL, OH, and PT.

c. Topsoil: Topsoil stripped and stockpiled on the site should be used for fine grading.

Topsoil is defined as the top layer of earth on the site, which produces heavy growths of
crops, grass or other vegetation.
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d. Soils excavated from on-site may be used for berm construction provided they are
deemed satisfactory as per the above recommendations or by a soil scientist.

2. Placing and Compacting of Berm Area Soil

a. Ground Surface Preparation: Remove vegetation, debris, unsatisfactory soil materials,
obstructions, and deleterious materials from ground surface prior to placement of fill.
Plow strip, or break up sloped surfaces steeper than | vertical to 4 horizontal so that fill
material will bond with existing surface.

b. When existing ground surface has a density less than that specified under g. (below) for
particular area classification, break up ground surface, pulverize, bring the moisture-
condition to optimum maoisture content, and compact to required depth and percentage
of maximum density.

c. Place backfill and fill materials in layers not more than 8 inches in loose depth for
material to be compacted by heavy compaction equipment, and not more than 4 inches
in loose depth for material to be compacted by hand-operated tampers.

d. Before compaction, moisten or aerate each layer as necessary to provide optimum
moisture content. Compact each layer to required percentage of maximum dry density
or relative dry density for each area classification. Do not place backfill or fill material on
surfaces that are muddy, frozen, or contain frost or ice.

e. Place backfill and fill materials evenly adjacent to structures, piping, or conduit to
required elevations. Prevent wedging action of backfill against structures or
displacement of piping or same elevation in each lift.

Control soil and fill compaction, providing minimum percentage of density specified for

each area classification indicated below. Correct improperly compacted areas or lifts if

soil density tests indicate inadequate compaction.

g. Percentage of Maximum Density Requirements: Compact soil to not less than the
following percentages of maximum density, in accordance with ASTM D 1557:

o

. Under lawn or unpaved areas, compact top 6 inches of subgrade and each layer
of backfill or fill material at 85 percent maximum density.
. Under infiltration areas ho compaction shall be permitted.

3. Grading

a. General: Uniformly grade areas within limits of grading under this section, including
adjacent transition areas. Smooth finished surface within specified tolerances; compact
with uniform levels or slopes between points where elevations are indicated or between
such points and existing grades.

b. Lawn or Unpaved Areas: Finish areas to receive topsoil to within not more than 0.10 foot
above or below required subgrade elevations.

c. Compaction: After grading, compact subgrade surfaces to the depth and indicated
percentage of maximum or relative density for each area classification.

4. Temporary Seeding
a. Temporary seeding and mulching shall be required on all freshly graded areas
immediately following earth moving procedures. Seed-free straw or salt hay mulch shall
be applied at a rate of 75 Ibs. per 1,000 square feet over temporary seeded areas.
Straw bale barriers shall be placed in swale areas until vegetation is established.
b. Should temporary seeding not be possible or not establish itself properly, mulch as
described above, pending fine grading or permanent seeding.

5. Finish Grading
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a. Spreading of topsoil and finish grading shall be coordinated with the work of the
Landscape Contractor.

b. Verify that the rough grades meet requirements for tolerances, materials, and
compaction.

c. Surface of subgrades shall be loosened and made friable by cross-discing or harrowing
to a depth of 2 inches. Stones and debris more than 1-1.5 inches in any dimension shall
be raked up and grade stakes and rubbish removed.

d. Topsoil shall be uniformly spread to minimum depths after settlement of 6 inches on
areas to be seeded and 4 inches on areas to be sodded. Correct any surface
irregularities to prevent formation of low spots and pockets that would retain water.

e. Topsoil shall not be placed when the subgrade is frozen, excessively wet, or extremely
dry and no topsoil shall be handled when in a frozen or muddy condition. During all
operations following topsoil spreading, the surface shall be kept free from stones over 1-
1.5 inches in size or any rubbish, debris, or other foreign material.

f. After placing topsoil rake soil to a smooth, even-draining surface and compact lightly with
an empty water roller. Leave finish graded areas clean and well raked, ready for lawn
work.
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6.5 Volume/Peak Rate Reduction BMPs
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BMP 6.5.1: Vegetated Roof

An extensive vegetated roof cover is a veneer of vegetation that is grown on and
completely covers an otherwise conventional flat or pitched roof (<30°slope),
endowing the roof with hydrologic characteristics that more closely match surface
vegetation than the roof. The overall thickness of the veneer may range from 2 to
6 inches and may contain multiple layers, consisting of waterproofing, synthetic
insulation, non-soil engineered growth media, fabrics, and synthetic components.
Vegetated roof covers can be optimized to achieve water quantity and water quality
benefits. Through the appropriate selection of materials, even thin vegetated
covers can provide significant rainfall retention and detention functions.

Key Design Elements

Potential Applications

Residential: Yes
Commercial: Yes
Ultra Urban: Yes
* 2-6 inches of engineered media; assemblies that are 4 inches Industrial: Yes
and deeper may include more than one type of engineered media Retrofit: Yes

* Engineered media should have a high mineral content. Highway/Road: None

Engineered media for extensive vegetated roof covers is typically
85% to 97% non-organic (wet combustion or loss on ignition
methods).

Stormwater Functions

* Vegetated roof covers intended to achieve water quality benefits
should not be fertilized

* Irrigation is not a desirable component of vegetated covers used Volume Reduction: Med/High

as best management practices Recharge: None
Peak Rate Control: Low

* Internal building drainage, including provisions to cover and W ater Quality: Medium

protect deck drains or scuppers, must anticipate the need to
manage large rainfall events without inundating the cover.

+ Assemblies planned for roofs with pitches steeper than 2:12 Water Quality Functions

must incorporate supplemental measures to insure stability against

sliding.

Structural considerations are required.
TSS: 85%
TP: 85%
NO3: 30%
Other Considerations
. The roof structure must be evaluated for compatibility with the maximum predicted dead and live

loads. Typical dead loads for wet extensive vegetated covers range from 8 to 36 pounds per square
foot. Live load is a function of rainfall retention. For example, 2 inches of rain equals 10.4 lbs. per
square foot of live load. It requires 20 inches of snow to have the same live load per square foot.

. The waterproofing must be resistant to biological and root attack. In many instances a
supplemental root-fast layer is installed to protect the primary waterproofing membrane from plant
roots.

. Standards and guidelines (in English) for the design of green roofs are available from FLL1, a
European non-profit trade organization. In the United States, guidelines are in development by ASTM
(American Standard Testing Methods).
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Description

Extensive vegetated roof covers are usually 6 inches or less in depth and are typically intended to
achieve a specific environmental benefit, such as rainfall runoff mitigation. For this reason they are
most commonly not irrigated. While some installations are open to public access, most extensive
vegetated roof covers are for public viewing only. In order to make them practical for installation on
conventional roof structures, lightweight materials are used in the preparation of most engineered
media. Developments in the last 40 years that have made these systems viable include: 1) recognition
of the value of vegetated covers in restoring near open-space hydrologic performance on impervious
surfaces, 2) advances in waterproofing materials and methods, and 3) development of a reliable
temperate climate plant list that can thrive under the extreme growing conditions on a roof.

Vegetated roof covers that are 10 inches, or deeper, are referred to as ‘intensive’ vegetated roof
covers. These are more familiar in the United States and include many urban landscaped plazas.
Intensive assemblies can also provide substantial environmental benefits, but are intended primarily to
achieve aesthetic and architectural objectives. These types of systems are considered “roof gardens”
and are not to be confused with the simple “extensive” design. Benefits beyond the stormwater
considerations include temperature moderation and roof longevity.

Growth Media
SW Storage
Modin
Insulation
(optional)

Water Proofing
Membranes
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Variations
Most extensive vegetated roof covers fall into three categories

* Single media with synthetic under-drain layer
* Dual media
« Dual media with synthetic retention/detention layer

All vegetated roof covers will require a premium waterproofing system. Depending on the
waterproofing materials selected, a supplemental root-fast layer may be required to protect the primary
waterproofing membrane from plant roots.

Insulation, if included in the roof covering system, may be installed either above or below the primary
waterproofing membrane. Most vegetated roof cover system can be adapted to either roofing
configuration. In the descriptions that follow, the assemblies refer to the conventional configuration, in
which the insulation layer is below the primary waterproofing.

All three extensive roof cover variations can be installed without irrigation. Non irrigated assemblies are
strongly recommended. While this may place some limits on the type of plants that can be grown, the
benefits are that the assembly will perform better as a stormwater BMP, and the maintenance
requirements will be substantially reduced.

Some assemblies are installed in tray-like modules to facilitate installation, especially in confined
locations.

Single media assemblies

Single media assemblies are commonly used for pitched roof applications and for thin and lightweight
installations. These systems typically incorporate very drought tolerant plants and utilize coarse
engineered media with high permeability. A typical profile would include the following layers.

* Waterproofing membrane

* Root-barrier (optional, depending on the root-fastness of the waterproofing)

» Semi-rigid plastic geocomposite drain or mat (typical mats are made from non-biodegradable
fabric or plastic foam)

e Separation geotextile

* Engineered growth media

« Foliage layer

Pitched roof applications may require the addition of slope bars, rigid slope stabilization panels,
cribbing, reinforcing mesh, or similar method minimizing sliding instability.

Flat roof applications with mats as foundations typically require a network of perforated internal
drainage conduit to enhance drainage of percolated rainfall to the deck drains or scuppers.

Assemblies with mats can be irrigated from beneath, while assemblies with drainage composites
require direct drainage.

Dual media assemblies

Dual media assemblies utilize two types of non-soil media. In this case a finer-grained media with
some organic content is placed over a basal layer of coarse lightweight mineral aggregate. They do not
include a geocomposite drain. The objective is to improve drought resistance by replicating a natural
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growing environment in which sandy topsoil overlies gravelly subsoil. These assemblies are typically 4
to 6 inches thick and include the following layers:

* Waterproofing membrane

« Protection layer

e Coarse-grained drainage media

* Root-permeable nonwoven separation geotextile
» Fine-grained engineered growth media layer

* Foliage layer

These assemblies are suitable for roofs with pitches less than, or equal to, 1.5:12. Large vegetated
covers will generally incorporate a network of perforated internal drainage conduit.

Dual media systems are ideal for use in combination with base irrigation methods.

Dual media with synthetic retention/detention layer

These assemblies introduce plastic panels with cup-like receptacles on their upper surface (i.e., a
modified geocomposite drain sheet). The panels are in-filled with coarse lightweight mineral aggregate.
The cups trap and retain water. They also introduce an air layer at the bottom of the assembly. A
typical profile would include:

* Waterproofing membrane

» Felt fabric

* Retention/detention panel

e Coarse-grained drainage media
e Separation geotextile

* Fine grained ‘growth’ media layer
* Foliage layer

These assemblies are suitable on roof with pitches less than or equal to 1:12. Due to their complexity,
these system are usually 5 inches or deeper.

If needed, irrigation can be provided via surface spray or mid-level drip.
» Stormwater Volume and Rate Control
Vegetated roof covers are an “at source” measure for reducing the rate and volume of runoff

released during rainfall events. The water retention and detention properties of vegetated
roof covers can be enhanced through proper selection of the engineered media and plants.
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e Runoff Water Quality Improvements
Direct runoff from roofs is often a contributor to NPS pollutant discharges. Vegetated roof
covers can significantly reduce this source of pollution. Assemblies intended to produce
water quality benefits should employ engineered media with 100% mineral content.
Following the plant establishment period (usually about 18 months), on-going fertilization of
the cover should not be permitted. Experience indicates that it will take five or more years
for a water quality vegetated cover to attain its maximum potential pollutant removal
efficiency.

e In Combination with Infiltration Measures
Vegetated roof covers are frequently combined with ground infiltration measures. Vegetated
roof covers improve the efficiency of infiltration devices by:

¢ Reducing the peak runoff rate
* Prolonging the runoff
e Filtering runoff to produce a clear effluent

Roofs that are designed to achieve water quality improvements will also reduce pollutant
inputs to infiltration devices.

* Habitat Restoration/Creation
Vegetated roof covers have been used to create functional meadows and wetlands to
mitigate the development of open space. This can be accomplished with assemblies as thin
as 6 inches.

Design Considerations

1. Live and dead load bearing capacity of the roof need to be established. Dead loads should be
estimated using media weights determined using a standardized laboratory procedure.l

N

. Waterproofing materials must be durable under the conditions associated with vegetated
covers. A supplemental root-barrier layer should be installed in conjunction with materials that
are not root-fast.

3. Roof flashings should extend 6 inches higher than the top of the growth media surface and be
protected by counter-flashings.

4. The design should incorporate measures to protect the waterproofing membrane from physical
damage during and after installation of the vegetated cover assembly.

5. Vegetated roof covers should incorporate internal drainage capacity sufficient to accommodate
a two-year return frequency rainfall without generating surface runoff flow.

6. Deck drains, scuppers, or gravel stops serving as methods to discharge water from the roof

area should be protected with access chambers . These enclosures should include removable
lids in order to allow ready access for inspection.

363-0300-002 / December 3M06 Page 129 of 257



Pennsylvania Stormwater Best Management Practices Manual Chapter 6

7. The physical properties of the engineered media should be selected appropriately in order to
achieve the desired hydrologic performance.

8. Engineered media should contain no clay size particles and should contain no more than 15%
organic matter (wet combustion or loss on ignition methods)

9. Media used in constructing vegetated roof covers should have a maximum moisture capacity2
of between 30% and 40%.

10.Plants should be selected which will create a vigorous, drought-tolerant ground cover. In
Pennsylvania the most successful and commonly used ground covers for non irrigated projects
are varieties of Sedum and Delosperma. In the Pennsylvania climate Delosperma is deciduous.
Both deciduous and evergreen varieties of Sedum are available. Deeper assemblies (i.e., 4 to
6 inches) can also incorporate a wider range of plants including Dianthus, Phlox, Antennaria,
and Carex.

11.Roofs with pitches exceeding 2:12 should be provided with supplemental measures to insure
stability against sliding
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Detailed Stormwater Functions

The performance of vegetated roof covers as stormwater best management practices cannot be
represented by a simple algebraic expression. Conventional methods are used to estimate surface
runoff from various types of surfaces. In the analysis of vegetated roof covers, the water that is
discharged from the roof is not surface runoff, but rather underflow, (i.e., percolated water). The rate
and quantity of water released during a particular design storm can be predicted based on knowledge
of key physical properties, including:

* Maximum media water retention
e Field capacity

* Plant cover type

» Saturated hydraulic conductivity
« Non-capillary porosity

The maximum media water retention is the maximum quantity of water that can be held against gravity
under drained conditions. Standards that have been developed specifically for measuring this quantity
in roof media are available from FLL and ASTM (draft).

Peak Rate Mitigation

Vegetated roof covers can exert an influence on runoff peak rates derived from roofs.
A general rule is to consider the first portion of the rainfall fills the volume reduction capacity (see
below).

Volume Reduction Calculations

All vegetated roof covers have both a retention and a detention volume component. Benchmarks for
these volumes can be developed from the physical properties described above (Detailed Stormwater
Functions).

The interaction of retention and detention produce both short-term effects (i.e., control of single storms)
and long-term effects (i.e., reductions in total seasonal or annual roof runoff). Continuous simulation
using a representative annual rainfall record from a local weather station is required in order to predict
the long-term runoff versus rainfall benefit. The effectiveness of vegetated roof covers will vary
according to the regional pattern of rainfall.

Using the German RWS program, the designer could generate a table of volume reductions for several
regions in Pennsylvania. The table would relate the runoff ratio (runoff/rainfall) based on one or two
types of cover assemblies and selected regions in PA for which good weather data is available. For the
table to be used, a vegetated cover would have to comply with European guidelines.

Water Quality Improvement
Once the plant cover is established, nutrient additions should be suspended. Experience indicates that

the efficiency of vegetated covers in reducing pollutant and nutrient releases from roofs will increase
with time. The vegetated cover should reach its optimum performance after about five years.
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See Section 8 for Water Quality Improvement methodology that addresses pollutants removal
effectiveness of this BMP.

Construction Sequence

1.

2.

3.

Visually inspect the completed waterproofing to identify any apparent flaws, irregularities, or
conditions that will be interfere with the security or functionality of the vegetated covers system.
The waterproofing should be tested for watertightness by the roofing applicator.

Institute a leak protection program

Introduce measures to protect the finished waterproofing from physical damage

4Install slope stabilization measures (pitched roofs with pitches in excess of 2:12). In some
installations slope stabilizing measures can be introduced as part of the roof structure and will be
already be in-place at the start of the construction sequence.

5.
6.

10.

If the waterproofing materials are not root fast, install a root-barrier layer

Layout key drainage and irrigation components, including drain access chambers, internal
drainage conduit, confinement border units, and isolation frames (for roof-top utilities, hatches
and penetrations)

Install walkways and paths (projects with public access)
Test irrigation systems (as relevant for roof gardens)

Install the drainage layer. Depending on the variation type, this could be a geocomposite drain,
mat, or course of drainage media.

Cover the drainage layer with the separation fabric (in some assemblies, the separation fabric is
pre-bonded to a synthetic drainage layer.
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11. Install the upper growth media layer (dual media assemblies only)
12.Establish the foliage cover plantings from cuttings, seed, plugs or pre-grown mats

13.Provide protection from wind disruptions as warranted by the project conditions, and plant
establishment method.

steal ungln ‘brochkels

g9p

matal flashing
i 1

Eave Detail [1002]
wood deck w. freely droined eave

' Type | Roofmeadow
drip line

Roofscopes, Inc.
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with flashing
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steel deck w. single—ply option
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7114 McCallum Street
Philodelphia, PA 19119

Maintenance Issues
» During the plant establishment period, periodic irrigation may be required

< During the plant establishment period, three to four visits to conduct basic weeding, fertilization,
and in-fill planting is recommended. Thereafter, only two annual visits for inspection and light
weeding should be needed (irrigated assemblies will require more intensive maintenance).

Cost Issues
The construction cost of vegetated roof covers can vary greatly, depending on factors such as:

Height of the building

Accessibility to the structure by large equipment such as cranes and trailers
Depth and complexity of the assembly

Remoteness of the project from sources of material supply

Size of the project

However, under present market conditions (2004), extensive vegetated covers for roof will typically
range between $8 and $15 per square foot, including design, installation, and warranty service. Basic
maintenance for extensive vegetated covers typically requires about 3 man-hours per 1,000 square
feet, annually.
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Specifications

The following specifications are provided for information purposes only. These specifications include
information on acceptable materials for typical applications, but are by no means exclusive or limiting.
The designer is responsible for developing detailed specifications for individual design projects in
accordance with the project conditions.

Due to the very large variation in assembly types and methods, it is not possible to provide a
comprehensive specification. Performance specifications, describing the assembly elements and their
physical properties can be obtained from commercial providers of vegetated roof covers. The
references provided also offer specific guidance for the selection of materials and methods.

Some key components and associated performance-related properties are as follows:

1. Root-barriers _should be thermoplastic membranes with a thickness of at least 30 mils.
Thermoplastic sheets can be bonded using hot-air fusion methods, rendering the seams safe
from root penetration. Membranes that have been certified for use as root-barriers are
recommended. At present only FLL offers a recognized test for root-barriers. Several FLL-
certified materials are available in the United States. Interested American manufactures can
submit products for testing to FLL-certified labs.

2. Granular drainage media _  should be a non-carbonate mineral aggregate conforming to the
following specifications:

Saturated Hydraulic Conductivity2 25 in/min
Total Organic Matter, by Wet Combustion (MSA) 1%
Abrasion Resistance (ASTM-C131-96) 25% loss
Soundness (ASTM-C88 or T103 or T103-91) 5% loss
Porosity (ASTM-C29) 25%
Alkalinity, CaCO3 equivalents (MSA) 1%
Grain-Size Distribution (ASTM-C136)

Pct. Passing US#18 sieve 1%

Pct. Passing Ys-inch sieve 30%

Pct. Passing 3/8-inch sieve 80%

3. Growth media_should be a soil-like mixture containing not more than 15% organic content (wet
combustion or loss on ignition methods). The appropriate grain-size distribution is essential for
achieving the proper moisture content, permeability, nutrient management, and non-capillary
porosity, and ‘soil’ structure. The grain-size guidelines vary for single and dual media vegetated
cover assemblies.

Non-capillary Pore Space at Field Capacity,

0.333 bar (TMECC 03.01, A) 15% (vol)
Moisture Content at Field Capacity

(TMECC 03.01, A) 12% (vol)
Maximum Media Water Retention (FLL) 30% (vol)
Alkalinity, Ca CO3 equivalents (MSA) 2.5%
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Total Organic Matter by Wet Combustion (MSA) 3-15% (dry wt.)
pH (RCSTP) 6.5-8.0
Soluble Salts (DTPA saturated media 6 mmhos/cm
extraction)”(RCSTP)
Cation exchange capacity (MSA) 10 meq/100g
Saturated Hydraulic Conductivity for Single

Media Assemblies (FLL)3 0.05 in/min
Saturated Hydraulic Conductivity for Dual
Media Assemblies (FLL) 0.30 in/min

Grain-size Distribution of the Mineral Fraction (ASTM-D422)
Single Media Assemblies

Clay fraction (2 micron) 0

Pct. Passing US#200 sieve (i.e., silt fraction) 5%

Pct. Passing US#60 sieve 10%

Pct. Passing US#18 sieve 5-50%
Pct. Passing 1/8-inch sieve 20 - 70%
Pct. Passing 3/8-inch sieve 75 -100%

Dual Media Assemblies

Clay fraction (2 micron) 0

Pct. Passing US#200 sieve (i.e., silt fraction) 5-15%
Pct. Passing US#60 sieve 10-25%
Pct. Passing US#18 sieve 20 - 50%
Pct. Passing 1/8-inch sieve 55 - 95%
Pct. Passing 3/8-inch sieve 90 -100%

Macro- and micro-nutrients shall be incorporated in the formulation in initial proportions suitable
for support the specified planting.

4. Separation fabric _ should be readily penetrated by roots, but provide a durable separation
between the drainage and growth media layers (Only lightweight nonwoven geotextiles are
recommended for this function.

Unit Weight (ASTM-D3776) 4.25 o0z/yd2
Grab tensile (ASTM-D4632) 90 Ib
Mullen Burst Strength (ASTM-D4632) 135 Ib/in
Permittivity (ASTM-D4491) 2 sec-1
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References

FLL: Guidelines for the Planning, Installation, and Maintenance in Roof Greening, 1995, English
Version (Richtlinen fur die Planung, Ausfihrung und Pflege von Dachbegriinungen),
Forschungsgesellschaft Landschaftsentwicklung Landschaftsbau e.V.

ASTM: American Standard Testing Methods

Planting Green Roofs and Living Walls, 2004, Dunnett, N, and Kingsbury, N, Timber Press [ISBN 0-
88192-640-X]

Penn State Center For Green Roof Research, http://hortweb.cas.psu.edu/research/greenroofcenter/

FOOTNOTES

1FLL or ASTM procedures for determining the maximum density and associated moisture content
under compressed and hydrated conditions. See ASTM Draft: Standard Test Method for Maximum
Media Density for Dead Load Analysis of Green Roof Systems , and ASTM Draft Standard
Practice for Determination of Dead Loads and Live Loads f or Green Roof Systems

2 ASTM Draft: Standard Test Method for Saturated Hydraulic Conductivity of Granular Drainage Media
[Falling-Head Method] for Green Roof Systems
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BMP 6.5.2: Runoff Capture & Reuse

Chapter 6

more runoff capture

Capture and Reuse encompasses a wide variety of water
storage techniques designed to “capture” precipitation, hold it
for a period of time, and reuse the water. Heavy rainfall may
require slow release over time. A water budget must be
developed to ensure that the water will be used to allow for

Key Design Elements

- Storage techniques may include cisterns, underground tanks,
above-ground vertical storage tanks, rain barrels or other systems

* Storage devices designed to capture a portion of the small,
frequent storm events

- Most effective when designed to meet a specific water need for
reuse

- Systems must for bypass or overflow of large storm events

- Water budget analysis incorporating anticipated water inflow and
usage is required
- Collection and placement of storage elements up gradient of

areas of reuse may reduce or eliminate pumping needs
Maintenance - periodic tank and sump cleanout is required

Potential Applications

Residential: Yes
Commercial: Yes
Ultra Urban: Yes
Industrial: Yes
Retrofit: Yes
Highway/Road: Limited

Stormwater Functions

Volume Reduction:

Recharge: tﬂoev(vj/ngLhow
Peak Rate Control: .
Medium

Water Quality:

Water Quality Functions

TSS: 100%
TP: 100%
NO3: 100%
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Description

Cisterns, Rain Barrels, Vertical Storage, and similar devices have been used for centuries to capture
storm water from the roofs of buildings, and in many parts of the world these systems serve as a
primary water supply source. The reuse of stormwater for potable needs is not advised without water
treatment, although many homes in the U.S. were storing water in cisterns for reuse as little as a
century ago. These systems can reduce potable water needs for uses such as irrigation and fire
protection while also reducing stormwater discharges.

Storage/reuse techniques range from small, residential systems such as Rain Barrels that are
maintained by the homeowner to supplement garden needs, to large, “vertical storage” units that can
provide firefighting needs. Storage/reuse techniques are useful in urban areas where there is little
physical space to manage storm water.

Variations

Cisterns — large, underground or surface containers designed to hold large volumes of water (500
gallons or more). Cisterns may be comprised of fiberglass, concrete, plastic, brick or other materials.

e

(“' 3

Rain barrels — barrel (or large container) that collect drainage from roof leaders and store water until
needed for irrigation.
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Vertical Storage - stand along “towers”, or “fat downspouts” that
usually rest against a building performing the same capture, storage
and release functions as cisterns and rain barrels.

I

Storage Beneath Structure — Storage may be incorporated into
elements such as paths and walkways to supplement irrigation with
the use of structural plastic storage units

Applications
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. Landscaped areas and gardens to meet irrigationn  eeds

. Storage for firefighting needs

. Urban areas and Combined Sewer areas to reduce pe ak surcharges.
. Reuse for greywater needs such as flushing toilet  s.

. Reuse for athletic field irrigation

Roof Leader Wisher
Haot Cald
Toilets
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Water Pump |g] Filter
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&
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Design Considerations
1. The Designer should calculate the water need for the intended uses. For example, what will
the collected water be used for and when will it be needed? If a 2,000 square foot area of lawn
requires irrigation for 4 months in the summer at a rate of 1” per week, how much will be needed
and how often will the storage unit be refilled? The usage requirements and the expected
rainfall volume and frequency should be determined.

2. Drawdown - the Designer should provide for use or release of the stored water between storm
events in order for the necessary stormwater storage volume to be available.

3. The Catchment Area on which the rain falls should be considered. The catchment area
typically handles roof runoff.

4. The Conveyance System should keep reused stormwater or greywater from other potable
water piping systems. Do not connect to domestic or commercial potable water system.

5. Pipes or storage units should be clearly marked “Caution: Reclaimed water, Do Not Drink”.

6. Screens may be used to filter debris from storage units.
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7. The first flush runoff may be diverted away from storage in order to minimize sediment and
pollutant entry. However, rooftop runoff contains very low concentrations of pollutants.

8. Storage elements should be protected from direct sunlight by positioning and landscaping.
(Limit light into devices to minimize algae growth.)

9. The proximity to building foundations should be considered for overflow conditions.

10. Climate is an important consideration, and capture/reuse systems should bedesigned to
account for the potential of freezing.

11. Cisterns should be watertight (joints sealed with nontoxic waterproof material) with a smooth
interior surface, and capable of receiving water from rainwater harvesting system.

12. Covers (lids) should have a tight fit to keep out surface water, animals, dust and light.

13. Positive outlet for overflow should be provided a few inches from the top of the cistern.

14. Observation risers should be at least 6” above grade for buried cisterns.

15. Reuse may require pressurization. Water stored has a pressure of 0.43 psi per foot of water
elevation. A ten-foot tank would have a pressure of 0.43*10 = 4.3 psi. at the bottom of the tank.

Most irrigation systems require at least 15 psi. To add pressure, a pump, pressure tank and fine
mesh filter can be used, which adds to the cost of the system, but creates a more usable

system.
Capacities of Various sized Cisterns (cf)
Diameter of Round Types (it)
Depth i) i] g 10 12 14 16 18
G 1266 2256 3622 A07TE RA0G 40148 11412
g 1638 aoos 4R35 BT A3 9203 12024 15216
10 2110 3TED H870 2460 11510 15030 19020
12 2632 4512 7044 2632 13812 18036 22824
14 20854 5264 22148 11844 16114 21042 2AA 28

*Hamwested Rairwater Guidelines, GreenBuilder. com
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Annual Rainfall Yield in Gallons for Various Impervious Surface Sizes and Rainfall Amounts

Impervious Rainfall inches)

Surface Area 20 | 24 | 28 | 32 | 3% | a0 | a4 | a8 | &2

=f
1000 11544 14213 16552 158951 21319 23685 26057 25426 30795
1100 13029 15634 Ja240 20846 23451 2E0SY 28663 31263 33874
1200 14213 17056 19593 22741 25583 28426 31263 34111 36954
1300 15397 18477 21556 24636 2775 30795 33874 36954 40033
1400 165582 19893 23214 2653 29347 33164 36480 39796 43113
1500 177EG 21319 24873 28426 31979 35532 39086 42639 46192
1600 18951 22741 26531 a032 34111 a7 41631 45481 49272
1700 20135 24162 28159 2216 36243 40270 44297 45324 52351
1800 21319 25583 29547 34111 38375 42639 46303 51167 aad31
1900 22504 27005 3505 36006 40507 45008 43503 54009 S8510
2000 23683 28476 3364 379 42639 47377 52114 SEE52 E1589
2100 24873 29547 34822 39796 44771 49745 4720 S9694 E4669
2200 2E0ST 31263 36480 41631 45303 52114 ST326 E2537 E7743
2300 27241 32690 38138 43586 490,35 54483 50931 55380 70523
2400 25426 34111 39796 45451 S1167 ShE52 F2537 foz222 73907
2500 29610 35532 41454 47377 532499 S92 ES143 71065 TEIST
2600 30795 36954 43113 49272 S54.31 51589 E7743 73907 SO0GE
2700 31979 38375 44771 S11E7 STSE2 53358 F0354 FETS0 S3146
2800 33164 39796 46449 53062 59694 EE32Y 72960 79593 SE22S
* Yalues represent 95% of actual precipitation to acocount for any orage andfor losses,

Detailed Stormwater Functions
Volume Reduction Calculations

Volume reduction is the actual volume of the storage container, taking into consideration how many
times it is emptied.

Peak Rate Mitigation Calculations:

Capture and reuse takes a volume of water out of site runoff. This reduction in volume will translate to
a lower overall peak rate for the site.

Water Quality Improvement

Pollutant removal takes place through filtration of recycled primary storage, and/or natural filtration
through soil and vegetation for overflow discharge. Quantifying pollutant removal will depend on
design. Sediment removal will depend on area below outlet that is designed for sediment
accumulation, time in storage, and maintenance frequency. Filtration through soil will depend on flow
rate, the type of soil (infiltration capacity), and design specifics (stone bed, etc.).

Construction Sequence

Install per manufacturer’s instructions.

Maintenance Issues

Flush cisterns to remove sediment. Brush the inside surfaces and thoroughly disinfect.

Winter concern: Do not allow water to freeze in devices. (Empty out before water freezes.)
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Cost Issues
Rain Barrel: ranges from $80 to $200, average for residential use is $150 (2005)

Cistern: varies, depending on material used (reinforced concrete, steel, plastic are common), size, and
pump characteristics

Vertical Storage: ranges from $88 for 64-gallon capacity to $10,516 for 12,000-gallon capacity (for a
plastic, manufactured product). Storage costs $1.25/gallon (2005).

General: the reuse of water for irrigation or other uses saves money on water costs over time.

Specifications:

The following specifications are provided for informational purposes only. These specifications include
information on acceptable materials for typical applications, but are by no means exclusive or limiting.
The designer is responsible for developing detailed specifications for individual design projects in
accordance with the project conditions.

1. Vertical Storage All storage containers should meet FDA specifications for stored drinking
water if potable water is the intended use. Follow Manufacturer’s specifications for vertical
storage containers.
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6.6 Runoff Quality/Peak Rate BMPs
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BMP 6.6.1: Constructed Wetland

Constructed Wetlands are shallow marsh systems planted
with emergent vegetation that are designed to treat
stormwater runoff.

i . . .
Kev Design Elements . Potential Applications

Residential: Yes
Commercial: Yes
Ultra Urban: Limited
Industrial: Yes
Retrofit: Yes
* Adequate drainage area (usually 5 to 10 acres minimum) or proof Highway/Road: Yes
of sustained base flow
May require investigation of water supply to ensure a sustained
baseflow to maintain the wetland

Stormwater Functions

* Maintenance of permanent water surface

- Multiple vegetative growth zones through varying depths
Volume Reduction: Low

Recharge: Low
* Relatively impermeable soils or engineered liner Peak Rate Control: High
- Sediment collection and removal Water Quality: High

- Adjustable permanent pool and dewatering mechanism
Maintenance - periodic sediment removal from the forebay and
vegetation maintenance

* Robust and diverse vegetation

Water Quality Functions

TSS: 85%
TP: 85%
NO3: 30%
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Description

Constructed Wetlands are shallow marsh systems planted with emergent vegetation that are designed
to treat stormwater runoff. While they are one of the best BMPs for pollutant removal, Constructed
Wetlands (CWSs) can also mitigate peak rates and even reduce runoff volume to a certain degree. They
also can provide considerable aesthetic and wildlife benefits. CWs use a relatively large amount of
space and require an adequate source of inflow to maintain the permanent water surface.

Variations

Constructed Wetlands can be designed as either an online or offline facilities. They can also be used
effectively in series with other flow/sediment reducing BMPs that reduce the sediment load and
equalize incoming flows to the CWs. Constructed Wetlands are a good option for retrofitting existing
detention basins. CWs are often organized into four groups:

» Shallow Wetlands are large surface area CWs that primarily accomplish water quality
improvement through displacement of the permanent pool.

* Extended Detention Shallow Wetlands are similar to Shallow Wetlands but use extended
detention as another mechanism for water quality and peak rate control.

* Pocket Wetlands are smaller CWs that serve drainage areas between approximately 5 and 10
acres and are constructed near the water table.

« Pond/Wetland systems are a combination of a wet pond and a constructed wetland.

Although this BMP focuses on surface flow Constructed Wetlands as described above, subsurface flow
CWs can also be used to treat stormwater runoff. While typically used for wastewater treatment,
subsurface flow CWs for stormwater may offer some advantages over surface flow wetlands, such as
improved reduction of total suspended solids and oxygen demand. They also can reduce the risk of
vectors (especially mosquitoes) and safety risks associated with open water. However, nitrogen
removal may be deficient (Campbell and Ogden, 1999). Perhaps the biggest disadvantage is the
relatively low treatment capacities of subsurface flow CWs — they are generally only able to treat small
flows. For more information, please consult the “References and Additional Resources” list.
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Applications
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Design Considerations

1. HYDROLOGY. Constructed Wetlands must be able to receive and retain enough flow from
rain, runoff, and groundwater to ensure long-term viability. Hydrologic calculations (or a water
balance) should be performed to verify this. Shallow marsh areas can become dry at the
surface but not for greater than one month, even in the most severe drought. A permanent
water surface in the deeper areas of the CWs should be maintained during all but the driest
periods. A relatively stable normal water surface elevation will reduce the stress on wetland
vegetation. A CWs must have a drainage area of at least 10 acres (5 acres for “pocket”
wetlands) or some means of sustaining constant inflow. Even with a large drainage area, a
constant source of inflow can improve the biological health and effectiveness of a Constructed
Wetland. Pennsylvania’s precipitation is generally well distributed throughout the year and is
therefore suited for CWs.

2. UNDERLYING SOILS. Underlying soils must be identified and tested. Generally hydrologic sail
groups “C” and “D” are suitable without modification, “A” and “B” soils may require a clay or
synthetic liner. Soil permeability must be tested in the proposed Constructed Wetland location to
ensure that excessive infiltration will not cause the CWs to dry out. If necessary, CWs should
have a highly- compacted subsoil or an impermeable liner to minimize infiltration.

3. PLANTING SOIL. Organic soils should be used for Constructed Wetlands. Organic soils can
serve as a sink for pollutants and generally have high water holding capacities. They will also
facilitate plant growth and propagation and may hinder invasion of undesirable species.

4. SIZE AND VOLUME. The area required for a CWs is generally 3 to 5 percent of its drainage
area. CWs should be sized to treat the water quality volume and, if necessary, to mitigate the
peak rates for larger events.

5. VEGETATION. Vegetation is an integral part of a Wetland system. Vegetation may help to
reduce flow velocities, promote settling, provide growth surfaces for beneficial microbes, uptake
pollutants, prevent resuspension, provide filtering, limit erosion, prevent short-circuiting, and
maintain healthy bottom sediments (Braskerud, 2001). Constructed Wetlands should have
several different zones of vegetation as described in Table 6.6.1-1. The emergent vegetation
zone (areas not more than 18" deep) should comprise about 60 to 65 percent of the normal
water surface area, although recommendations in recent literature range from less than 50 to
over 80 percent. Robust, non-invasive, perennial plants that establish quickly are ideal for CWs.
The designer should select species that are tolerant of a range of depths, inundation periods,
etc. Monoculture planting must be avoided due to the risk from pests and disease. Use local
recommended plant lists.

Table 6.6.1-1

Vegetation Zone Description
Open Water Areas between 18 inches and 6 feet deep
Emergent Areas up to 18 inches deep
Low Marsh Portion of Emergent Zone between 6 and 18 inches deep
High Marsh Portion of Emergent Zone up to 6 inches deep
Ephemeral Storage |Area periodically inundated during runoff events
Buffer Area outside of maximum water surface elevation
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6. CONFIGURATION.

a. General. Constructed Wetlands should be designed with a length to width ratio of at
least 2:1 wherever possible. If the length to width ratio is lower, the flow pathway
through the CWs should be maximized. CWs should not be constructed within 10 feet of
the property line or within 50 feet of a private well or septic system. CWs should be
designed so that the 10-year water surface elevation does not exceed the normal water
surface elevation by more than 3 feet. Slopes in and around Constructed Wetlands
should be 4:1 to 5:1 (H:V) wherever possible. Constructed wetlands should be located
outside of any natural watercourse.

b. Forebay/Inflows. Constructed Wetlands should have a forebay at all major inflow points
to capture coarse sediment, prevent excessive sediment accumulation in the remainder
of the CWs, and minimize erosion by inflow. The forebays should contain 10 to 15
percent of the total permanent pool volume and should be 4 to 6 feet deep (at least as
deep as other open water areas). They should be physically separated from the rest of
the wetland by a berm, gabion wall, etc. Flows exiting the forebay should be non-
erosive to the newly constructed CWs. Vegetation within forebays can increase
sedimentation and reduce resuspension/erosion. The forebay bottom can be hardened
to facilitate sediment removal. Forebays should be installed with permanent vertical
markers that indicate sediment
depth. Inflow channels should
be fully stabilized. Inflow pipes
can discharge to the surface or
be partially submerged. CWs
should be protected from the
erosive force of the inflow to
prevent the resuspension of
previously collected sediment
during large flows.

c. Vegetation and Open Water
Zones. About half of the
emergent vegetation zone
should be high marsh (up to 6” deep) and half should be low marsh (6” to 18" deep).
Varying depths throughout the CWs can improve plant diversity and health. The open
water zone (approx. 35 to 40% of the total surface area) should be between 18 inches
and 6 feet deep. Allowing a limited 5-foot deep area can prevent short-circuiting by
encouraging mixing, enhance aeration of water, prevent resuspension, minimize thermal
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impacts, and limit mosquito growth. Alternating areas of emergent vegetation zone (up
to 18 inches deep) and open water zone — as shown in Figures 6.13-2 and 6.13-4 — can
also minimize short-circuiting and hinder mosquito propagation.

d. Outlet. Outlet control devices should be in open water areas 4 to 6 feet deep comprising
about 5 percent of the total surface area to prevent clogging and allow the CWs to be
drained for maintenance. Outlet devices are generally multistage structures with pipes,
orifices, or weirs for flow control. Orifices should be at least 2.5 inches in diameter and
should be protected from clogging. Outlet devices should be installed in the
embankment for accessibility. It is recommended that outlet devices enable the normal
water surface to be varied. This allows the water level to be adjusted (if necessary)
seasonally, as the CWs accumulates sediment over time, if desired grades are not
achieved, or for mosquito control. The outlet pipe should generally be fitted with an anti-
seep collar. Online facilities should have an emergency spillway that can safely pass the
100-year storm with 1 foot of freeboard. All outflows should be conveyed downstream in
a safe and stable manner.

e. Safety Benches. All areas that are deeper than 4 feet should have two safety benches,
each 4 to 6 feet wide. One should be situated about 1 to 1.5 feet above the normal
water elevation and the other 2 to 2.5 feet below the water surface.

7. CONSTRUCTED WETLAND BUFFER. To enhance habitat value, visual aesthetics, and
wetland health, a 25-foot buffer should be added from the maximum water surface elevation.
The buffer should be planted with trees, shrubs, and native ground covers. EXxisting trees within
the buffer should be preserved. If soils in the buffer will become compacted during construction,
soil restoration should take place to aid buffer vegetation.

8. MAINTENANCE ACCESS. Permanent access must be provided to the forebay, outlet, and
embankment areas. It should be at least 9 feet wide, have a maximum slope of 15%, and be
stabilized for vehicles.

9. PLAN ELEMENTS. The plans detailing the Constructed Wetlands should clearly show the CWs
configuration, elevations and grades, depth/vegetation zones, and the location, quantity, and
propagation methods of wetland/buffer vegetation. Plans should also include site preparation
techniques, construction sequence, as well as maintenance schedules and requirements.

10. REGULATION. Constructed Wetlands that have drainage areas over 100 acres, embankments
greater than 15 feet high, or a capacity greater than 50 acre-feet may be regulated as a dam by
PADEP (see Title 25, Chapter 105 of the Pennsylvania Code).

Detailed Stormwater Functions

Volume Reduction Calculations

Although not typically considered a volume-reducing BMP, Constructed Wetlands can achieve some
volume reduction through evapotranspiration, especially during small storms. An evapotranspiration
study could be done to account for potential volume reduction credit. Hydrologic calculations that
should be performed to verify that the CWs will have a viable amount of inflow can also predict the
water surface elevation under varying conditions. The volume stored between the predicted water level
and the lowest outlet elevation will be removed from the storm that occurs under those conditions.

Peak Rate Mitigation Calculations

Peak rate is primarily controlled in Constructed Wetlands through the transient storage above the
normal water surface. See in Section 8 for Peak Rate Mitigation methodology.
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Water Quality Improvement

Constructed Wetlands improve runoff quality through settling, filtration, uptake, chemical and biological
decomposition, volatilization, and adsorption. Constructed Wetlands are effective at removing many
common stormwater pollutants including suspended solids, heavy metals, total phosphorus, total
nitrogen, toxic organics, and petroleum products. The pollutant removal effectiveness varies by season
and may be affected by the age of the wetland. It has been suggested that Constructed wetlands do
not remove nutrients in the long term unless vegetation is harvested because captured nutrients are
released back into the water by decaying plant material. Even if this is true, nutrients are generally
released gradually and during the non-growing season when downstream susceptibility is generally low
(Hammer, 1990). See in Section 8 for Water Quality Improvement methodology which addresses
pollutant removal effectiveness of this BMP.

Construction Sequence
1. Separate wetland area from contributing drainage area:
a. All channels/pipes conveying flows to the Constructed Wetland must be routed away
from the wetland area until it is completed and stabilized.
b. The area immediately adjacent to the Constructed Wetland must be stabilized in
accordance with the PADEP’s Erosion and Sediment Pollution Control Program Manual
(2000 or latest edition) prior to construction of the wetland.
2. Clearing and Grubbing:
a. Clear the area to be excavated of all vegetation.
b. Remove all tree roots, rocks, and boulders.
c. Fill all stump holes, crevices and similar areas with impermeable materials.
3. Excavate bottom of Constructed Wetland to desired elevation (Rough Grading).
4. Install surrounding embankments and inlet and outlet control structures.
5. Grade and compact subsoil.

6. Apply and grade planting soil.
a. Matching design grades is crucial because aquatic plants can be very sensitive to depth.

7. Apply geo-textiles and other erosion-control measures.
8. Seed, plant and mulch according to Planting Plan
9. Install any anti-grazing measures, if necessary.

10. Follow required maintenance and monitoring guidelines.
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Maintenance Issues

Constructed Wetlands must have a maintenance plan and privately owned facilities should have an
easement, deed restriction, or other legal measure to prevent neglect or removal. During the first
growing season, vegetation should be inspected every 2 to 3 weeks. During the first 2 years, CWs
should be inspected at least 4 times per year and after major storms (greater than 2 inches in 24
hours). Inspections should access the vegetation, erosion, flow channelization, bank stability,
inlet/outlet conditions, and sediment/debris accumulation. Problems should be corrected as soon as
possible. Wetland and buffer vegetation may require support — watering, weeding, mulching,
replanting, etc. — during the first 3 years. Undesirable species should be removed and desirable
replacements planted if necessary.

Once established, properly designed and installed Constructed Wetlands should require little
maintenance. They should be inspected at least semiannually and after major storms as well as rapid
ice breakup. Vegetation should maintain at least an 85 percent cover of the emergent vegetation zone.
Annual harvesting of vegetation may increase the nutrient removal of CWs; it should generally be done
in the summer so that there is adequate regrowth before winter. Care should be taken to minimize
disturbance, especially of bottom sediments, during harvesting. The potential disturbance from
harvesting may outweigh its benefits unless the CWs receives a particularly high nutrient load or
discharges to a nutrient sensitive waterbody. Sediment should be removed from the forebay before it
occupies 50 percent of the forebay, typically every 3 to 7 years.

Cost Issues

The construction cost of Constructed Wetlands can vary greatly depending on the configuration,
location, site-specific conditions, etc. Typical construction costs in 2004 dollars range from
approximately $30,000 to $65,000 per acre (USEPA Wetlands Fact Sheet, 1999). Costs are generally
most dependent on the amount of earthwork and the planting. Annual maintenance costs have been
reported to be approximately 2 to 5 percent of the capital costs although there is very little data
available to support this.

Specifications:

The following specifications are provided for information purposes only. These specifications include
information on acceptable materials for typical applications, but are by no means exclusive or limiting.
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The designer is responsible for developing detailed specifications for individual design projects in
accordance with the project conditions.

1. Excavation

a. The area to be used for the CWs should be excavated to the required depth below the
desired bottom elevation to accommodate any required impermeable liner, organic
matter, and/or planting soil.

b. The compaction of the subgrade and/or the installation of any impermeable liners will
follow immediately.

2. Subsoil Preparation

a. Subsoil shall be free from hard clods, stiff clay, hardpan, ashes, slag, construction debiris,
petroleum hydrocarbons, or other undesirable material. Subsoil must not be delivered in
a frozen or muddy state.

b. Scarify the subsoil to a depth of 8 to 10 inches with a disk, rototiller, or similar equipment.

c. Roll the subsoil under optimum moisture conditions to a dense seal layer with four to six
passes of a sheepsfoot roller or equivalent. The compacted seal layer shall be at least 8
inches thick.

3. Impermeable Liner

a. If necessary, install impermeabile liner in accordance with manufacturer’s guidelines.

b. Place a minimum 12 inches of subsoil on top of impermeable liner in addition to planting
soil.

4. Planting Soil (Topsoil)

a. See Local Specifications for general Planting Soil requirements.

b. Use a minimum of 12 inches of topsoil in marsh areas of the Wetland. If natural topsoil
from the site is to be used it must have at least 8 percent organic carbon content (by
weight) in the A-horizon for sandy soils and 12% for other soil types.

c. If planting soil is being imported it should be made up of equivalent proportions of organic
and mineral materials.

d. Lime should not be added to planting soil unless absolutely necessary as it may
encourage the propagation of invasive species.

e. The final elevations and hydrology of the wetland zones should be evaluated prior to
planting to determine if grading or planting changes are required.

5. Vegetation

a. Plant Lists for Constructed Wetlands can be found in Appendix B. No substitutions of
specified plants will be accepted without prior approval of the designer. Planting
locations shall be based on the Planting Plan and directed in the field by a qualified
wetland ecologist.

b. All wetland plant stock shall exhibit live buds or shoots. All plant stock shall be turgid,
firm, and resilient. Internodes of rhizomes may be flexible and not necessarily rigid. Soft
or mushy stock shall be rejected. The stock shall be free of deleterious insect
infestation, disease and defects such as knots, sun-scald, injuries, abrasions, or
disfigurement that could adversely affect the survival or performance of the plants.

c. All stock shall be free from invasive or nuisance plants or seeds such as those listed in
Appendix B.

d. During all phases of the work, including transport and onsite handling, the plant materials
shall be carefully handled and packed to prevent injuries and desiccation. During transit
and onsite handling, the plant material shall be kept from freezing and shall be kept
covered, moist, cool, out of the weather, and out of the wind and sun. Plants shall be
watered to maintain moist soil and/or plant conditions until accepted.

e. Plants not meeting these specifications or damaged during handling, loading, and
unloading will be rejected.
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f. Detailed planting specifications can be found in Appendix B.

6. Outlet Control Structure
a. Outlet control structures shall be constructed of non-corrodible material.
b. Outlets shall be resistant to clogging by debris, sediment, floatables, plant material, or
ice.
c. Materials shall comply with applicable specifications (PennDOT or AASHTO, latest
edition)
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BMP 6.6.2: Wet Pond/Retention Basin

Wet Ponds/Retention Basins are stormwater basins that
include a substantial permanent pool for water quality
treatment and additional capacity above the permanent
pool for temporary runoff storage.

Key Design Elements

Potential Applications

Residential: Yes
Commercial: Yes
Ultra Urban: Yes

Industrial: Yes
Retrofit: Yes
Highway/Road: Yes

- Adequate drainage area (usually 5 to 10 acres minimum) or proof
of sustained baseflow

Stormwater Functions

* Natural high groundwater table
* Maintenance of permanent water surface

* Should have at least 2 to 1 length to width ratio Volume Reduction: Low
Recharge: Low

Peak Rate Control: High

* Relatively impermeable soils W ater Quality: Medium

- Robust and diverse vegetation surrounding wet pond

* Forebay for sediment collection and removal

+ Dewatering mechanism Water Quality Functions

TSS: 70%
TP: 60%
NO3: 30%
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Description

Wet Detention Ponds are stormwater basins that include a permanent pool for water quality treatment
and additional capacity above the permanent pool for temporary storage. Wet Ponds should include
one or more forebays that trap course sediment, prevent short-circuiting, and facilitate maintenance.
The pond perimeter should generally be covered by a dense stand of emergent wetland vegetation.
While they do not achieve significant groundwater recharge or volume reduction, they can be effective
for pollutant removal and peak rate mitigation. Wet Ponds (WPs) can also provide aesthetic and
wildlife benefits. WPs require an adequate source of inflow to maintain the permanent water surface.
Due to the potential to discharge warm water, wet ponds should be used with caution near temperature
sensitive waterbodies. Properly designed and maintained WPs generally do not support significant
mosquito populations (O’'Meara).
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Variations

Wet Ponds can be designed as either an online or offline facilities. They can also be used effectively in
series with other sediment reducing BMPs that reduce the sediment load such as vegetated filter strips,
swales, and filters. Wet Ponds may be a good option for retrofitting existing dry detention basins. WPs
are often organized into three groups:

* Wet Ponds primarily accomplish water quality improvement through displacement of the
permanent pool and are generally only effective for small inflow volumes (often they are
placed offline to regulate inflow).

* Wet Detention Ponds are similar to Wet Ponds but use extended detention as another
mechanism for water quality and peak rate control.

» Pocket Wet Ponds are smaller WPs that serve drainage areas between approximately 5 and 10

acres and are constructed near the water table to help maintain the permanent pool. They often
include extended detention as well.

This BMP focuses on Wet Detention Ponds as described above because this tends to be the most
common and effective type of Wet Pond. For more information on other types of wet ponds, please
consult the “References and Additional Resources” list.
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Design Considerations

1. HYDROLOGY. Wet Ponds should be able to receive and retain enough flow from rain, runoff,
and groundwater to ensure long-term viability. A permanent water surface in the deeper areas
of the WP should be maintained during all but the driest periods. A relatively stable permanent
water surface elevation will reduce the stress on vegetation in and adjacent to the pond. A WP
should have a drainage area of at least 10 acres (5 acres for Pocket Wet Ponds) or some
means of sustaining constant inflow. Even with a large drainage area, a constant source of
inflow can improve the biological health and effectiveness of a Wet Pond while discouraging
mosquito growth. Pennsylvania’s precipitation is generally well distributed throughout the year
and is therefore suited for WPs.

2. UNDERLYING SOILS. Underlying soils must be identified and tested. Generally hydrologic soil
groups “C” and “D” are suitable without modification, “A” and “B” soils may require modification
to reduce permeability. Soil permeability must be tested in the proposed Wet Pond location to
ensure that excessive infiltration will not cause the WP to dry out.

3. PLANTING SOIL. Organic soils should be used for shallow areas within Wet Ponds. Organic
soils can serve as a sink for pollutants and generally have high water holding capacities. They
will also facilitate plant growth and propagation and may hinder invasion of undesirable species.

4. SIZE AND VOLUME. The area required for a WP is generally 1 to 3 percent of its drainage
area. WPs should be sized to treat the water quality volume and, if necessary, to mitigate the
peak rates for larger events.

5. VEGETATION. Vegetation is an integral part of a Wet Pond system. Vegetation in and
adjacent to a pond may enhance pollutant removal, reduce algal growth, limit erosion, improve
aesthetics, create habitat, and reduce water warming (Mallin et al., 2002; NJ DEP, 2004;
University of Wisconsin, 2000). Wet Ponds should have varying depths to encourage
vegetation in shallow areas. The emergent vegetation zone (areas not more than 18" deep)
generally supports the majority of aquatic vegetation and should include the pond perimeter.
Robust, non-invasive, perennial plants that establish quickly are ideal for WPs. The designer
should select species that are tolerant of a range of depths, inundation periods, etc.
Monoculture planting should be avoided due to the risk from pests and disease. See local
sources for recommended plant lists or Appendix B.
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6. CONFIGURATION.

a. General. Wet Ponds should be designed with a length to width ratio of at least 2:1
wherever possible. If the length to width ratio is lower, the flow pathway through the WP
should be maximized. A wedge-shaped pond with the major inflows on the narrow end
can prevent short-circuiting and stagnation. WPs should not be constructed within 10
feet of the property line or within 50 feet of a private well or septic system. Slopes in and
around Wet Ponds should be 4:1 to 5:1 (horizontal:vertical) or flatter wherever possible
(10:1 max. for safety/aquatic benches, see 6.d. below). Wet Ponds should have an
average depth of 3 to 6 feet and a maximum depth of 8 feet. This should be shallow
enough to minimize thermal stratification and short-circuiting and deep enough to
prevent sediment resuspension, reduce algal blooms, and maintain aerobic conditions.
Wet ponds should not be constructed within a natural watercourse.

b. Forebay/Inflows. Wet Ponds should have a forebay at all major inflow points to capture
coarse sediment, prevent excessive sediment accumulation in the remainder of the WP,
and minimize erosion by inflow. The forebays should contain 10 to 15 percent of the
total permanent pool volume and should be 4 to 6 feet deep. They should be physically
separated from the rest of the pond by a berm, gabion wall, etc. Flows exiting the
forebay should be non-erosive to the newly constructed WP. Vegetation within forebays
can increase sedimentation and reduce resuspension/erosion. The forebay bottom can
be constructed of hardened materials to facilitate sediment removal. Forebays should
be installed with permanent vertical markers that indicate sediment depth. Inflow
channels should be fully stabilized. Inflow pipes can discharge to the surface or be
partially submerged. Forebays should be offline (out of the path of higher flows) to
prevent resuspension of previously collected sediment during large storms.

c. Outlet. Outlet control devices should draw from open water areas 5 to 7 feet deep to
prevent clogging and allow the WP to be drained for maintenance and to provide for
additional temperature benefits. Outlet devices are generally multistage structures with
pipes, orifices, or weirs for flow control. A reverse slope pipe terminating 2 to 3 feet
below the normal water surface, minimizes the discharge of warm surface water and is
less susceptible to clogging by floating debris. Orifices, if used, should be at least 2.5
inches in diameter and should be protected from clogging. Outlet devices should be
installed in the embankment for accessibility. If possible, outlet devices should enable
the normal water surface to be varied. This allows the water level to be adjusted (if
necessary) seasonally, as the WP accumulates sediment over time, if desired grades
are not achieved, or for mosquito control. A pond drain should also be included which
allows the permanent pool to be completely drained for maintenance within 24 hours.
The outlet pipe should generally be fitted with an anti-seep collar through the
embankment. Online facilities should have an emergency spillway that can safely pass
the 100-year storm with 1 foot of freeboard. All outflows should be conveyed
downstream in a safe and stable manner.

d. Safety/Aquatic Benches. All areas that are deeper than 4 feet should have two safety
benches, totaling 15 feet in width. One should start at the normal water surface and
extend up to the pond side slopes at a maximum slope of 10 percent. The other should
extend from the water surface into the pond to a maximum depth of 18 inches, also at
slopes no greater than 10 percent.

7. WET POND BUFFER. To enhance habitat value, visual aesthetics, water temperature, and
pond health, a 25-foot buffer should be added from the maximum water surface elevation. The
buffer should be planted with trees, shrubs, and native ground covers. Except in maintenance
access areas, turf grass should not be used. Existing trees within the buffer should be
preserved. If soils in the buffer will become compacted during construction, soil restoration
should take place to aid buffer vegetation.
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8. MAINTENANCE ACCESS. Permanent access must be provided to the forebay, outlet, and
embankment areas. It should be at least 9 feet wide, have a maximum slope of 15%, and be
stabilized for vehicles.

9._ PLAN ELEMENTS. The plans detailing the Wet Ponds should clearly show the WP
configuration, inlets and outlets, elevations and grades, safety/aquatic benches, and the
location, quantity, and propagation methods of pond/buffer vegetation. Plans should also
include site preparation techniques, construction sequence, as well as maintenance schedules
and requirements.

10. REGULATION. Wet Ponds that have drainage areas over 100 acres, embankments greater
than 15 feet high, or a capacity greater than 50 acre-feet may be regulated as a dam by PADEP
(see Title 25, Chapter 105 of the Pennsylvania Code).
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Detailed Stormwater Functions
Volume Reduction Calculations

Although not typically considered a volume-reducing BMP, Wet Ponds can achieve some volume
reduction through infiltration and evapotranspiration, especially during small storms. According to the
International Stormwater BMP Database, wet ponds have an average annual volume reduction of 7
percent (Strecker et al., 2004). Hydrologic calculations that should be performed to verify that the WP
will have a viable amount of inflow can also predict the water surface elevation under varying
conditions. The volume stored between the predicted water level and the lowest outlet elevation will be
removed from the that design storm.

Peak Rate Mitigation Calculations

Peak rate is primarily controlled in Wet Ponds through the transient storage above the normal water
surface. See Section 8 for Peak Rate Mitigation methodology.

Water Quality Improvement

Wet Ponds improve runoff quality through settling, filtration, uptake, chemical and biological
decomposition, volatilization, and adsorption. WPs are relatively effective at removing many common
stormwater pollutants including suspended solids, heavy metals, total phosphorus, total nitrogen, and
pathogens. The pollutant removal effectiveness varies by season and may be affected by the age of
the WP. It has been suggested that this type of BMP does not provide significant nutrient removal in
the long term unless vegetation is harvested because captured nutrients are released back into the
water by decaying plant material. Even if this is true, nutrients are usually released gradually and
during the non-growing season when downstream susceptibility is generally low (Hammer, 1990). See
Section 8 for Water Quality Improvement methodology, which addresses pollutant removal
effectiveness of this BMP.

Construction Sequence

1. Separate wet pond area from contributing drainage area:
a. All channels/pipes conveying flows to the WP should be routed away from the WP area
until it is completed and stabilized.
b. The area immediately adjacent to the WP should be stabilized in accordance with the
PADEP’s Erosion and Sediment Pollution Control Program Manual (2000 or latest
edition) prior to construction of the WP.

2. Clearing and Grubbing:

a. Clear the area to be excavated of all vegetation.

b. Remove all tree roots, rocks, and boulders.

c. Fill all stump holes, crevices and similar areas with impermeable materials.
3. Excavate bottom of WP to desired elevation (Rough Grading).

4. Install surrounding embankments and inlet and outlet control structures.

5. Grade and prepare subsoil.
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6. Apply and grade planting soil.
a. Matching design grades is crucial because aquatic plants can be very sensitive to depth.

7. Apply erosion-control measures.

8. Seed, plant and mulch according to Planting Plan

9. Install any anti-grazing measures, if necessary.

10. Follow required maintenance and monitoring guidelines.
Maintenance Issues

Wet Ponds should have a maintenance plan and privately owned facilities should have an easement,
deed restriction, or other legal measure to prevent neglect or removal. During the first growing season
or until established, vegetation should be inspected every 2 to 3 weeks. WPs should be inspected at
least 4 times per year and after major storms (greater than 2 inches in 24 hours) or rapid ice breakup.
Inspections should access the vegetation, erosion, flow channelization, bank stability, inlet/outlet
conditions, embankment, and sediment/debris accumulation. The pond drain should also be inspected
and tested 4 times per year. Problems should be corrected as soon as possible. Wet Pond and buffer
vegetation may need support (watering, weeding, mulching, replanting, etc.) during the first 3 years.
Undesirable species should be carefully removed and desirable replacements planted if necessary.

Once established, properly designed and installed Wet Ponds should require little maintenance.
Vegetation should maintain at least an 85 percent cover of the emergent vegetation zone and buffer
area. Annual harvesting of vegetation may increase the nutrient removal of WPs; if performed it should
generally be done in the summer so that there is adequate regrowth before winter. Care should be
taken to minimize disturbance, especially of bottom sediments, during harvesting. The potential
disturbance from harvesting may outweigh its benefits unless the WP receives a particularly high
nutrient load or discharges to a nutrient sensitive waterbody. Sediment should be removed from the
forebay before it occupies 50 percent of the forebay, typically every 5 to 10 years.

Cost Issues

The construction cost of Wet Ponds can vary greatly depending on the configuration, location, site-
specific conditions, etc. Typical construction costs in 2004 dollars range from approximately $25,000 to
$50,000 per acre-foot of storage (based on USEPA, 1999). Costs are generally most dependent on the
amount of earthwork and the planting. Annual maintenance costs have been reported to be
approximately 3 to 5 percent of the capital costs although there is little data available to support this.In
addition to the construction and maintenance costs, there is the cost or loss of value for the property
involved.

Specifications:
The following specifications are provided for information purposes only. These specifications include
information on acceptable materials for typical applications, but are by no means exclusive or limiting.

The designer is responsible for developing detailed specifications for individual design projects in
accordance with the project conditions.
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1. Excavation

a. The area to be used for the WP should be excavated to the required depth below the
desired bottom elevation to accommodate any required impermeable liner, organic
matter, and/or planting soil.

b. The compaction of the subgrade and/or the installation of any impermeable liners will
follow immediately.

2. Subsoil Preparation

a. Subsoil shall be free from hard clods, stiff clay, hardpan, ashes, slag, construction
debris, petroleum hydrocarbons, or other undesirable material. Subsoil must not be
delivered in a frozen or muddy state.

b. Scarify the subsoil to a depth of 8 to 10 inches with a disk, rototiller, or similar
equipment.

c. Roll the subsoil under optimum moisture conditions to a dense layer with four to six
passes of a sheepsfoot roller or equivalent. The compacted layer shall be at least 8
inches thick.

3. Planting Soil (Topsoil)

a. Use a minimum of 12 inches of topsoil in the emergent vegetation zone (less than 18"
deep) of the pond. If natural topsoil from the site is to be used it must have at least 8
percent organic carbon content (by weight) in the A-horizon for sandy soils and 12% for
other soil types.

b. If planting soil is being imported it should be made up of equivalent proportions of
organic and mineral materials.

c. Lime should not be added to planting soil unless absolutely necessary as it may
encourage the propagation of invasive species.

d. The final elevations and hydrology of the vegetative zones should be evaluated prior to
planting to determine if grading or planting changes are required.

4. Vegetation

a. Plant Lists for WPs can be found locally. No substitutions of specified plants will be
accepted without prior approval of the designer. Planting locations shall be based on the
Planting Plan and directed in the field by a qualified wetland ecologist.

b. All Wet Pond plant stock shall exhibit live buds or shoots. All plant stock shall be turgid,
firm, and resilient. Internodes of rhizomes may be flexible and not necessarily rigid. Soft
or mushy stock shall be rejected. The stock shall be free of deleterious insect
infestation, disease and defects such as knots, sun-scald, injuries, abrasions, or
disfigurement that could adversely affect the survival or performance of the plants.

c. All stock shall be free from invasive or nuisance plants or seeds.

d. During all phases of the work, including transport and onsite handling, the plant
materials shall be carefully handled and packed to prevent injuries and desiccation.
During transit and onsite handling, the plant material shall be kept from freezing and
shall be kept covered, moist, cool, out of the weather, and out of the wind and sun.
Plants shall be watered to maintain moist soil and/or plant conditions until accepted.

e. Plants not meeting these specifications or damaged during handling, loading, and
unloading will be rejected.

f. Detailed planting specifications can be found locally, and in Appendix B.

5. Qutlet Control Structure

a. Outlet control structures shall be constructed of non-corrodible material.

b. Outlets shall be resistant to clogging by debris, sediment, floatables, plant material, or
ice.

c. Materials shall comply with applicable specifications (PennDOT or AASHTO, latest
edition)
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BMP 6.6.3: Dry Extended Detention Basin

A dry extended detention basin is an earthen structure
constructed either by impoundment of a natural depression or
excavation of existing soil, that provides temporary storage of
runoff and functions hydraulically to attenuate stormwater runoff
peaks. The dry detention basin, as constructed in countless
locations since the mid-1970’s and representing the primary BMP
measure until now, has served to control the peak rate of runoff,
although some water quality benefit accrued by settlement of the
larger particulate fraction of suspended solids. This extended
version is intended to enhance this mechanism in order to

maximize water quality benefits.
The basin outlet structure must be designed to detain
runoff from the stormwater quality design storm for extended

periods. Some volume reduction is also achieved in a dry basin
through initial saturation of the soil mantle (even when compacted) and some evaporation takes place
during detention. The net volume reduction for design storms is minimal, especially if the precedent

soil moisture is assumed as in other volume reduction BMPs.

Key Design Elements

* Evaluation of the device chosen should be balanced with cost
* Hydraulic capacity controls effectiveness
* Ideal in combination with other BMPs

* Regular maintenance is necessary including periodic sediment
removal

Potential Applications

Residential: Yes
Commercial: Yes
Ultra Urban: Yes

Industrial: Yes
Retrofit: Yes
Highway/Road: Yes

Stormwater Functions

Volume Reduction: Low
Recharge: None

Peak Rate Control: High
W ater Quality: Low

Water Quality Functions

TSS: 60%
TP: 40%
NO3: 20%
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Description

Dry extended detention basins are surface stormwater structures which provide for the temporary
storage of stormwater runoff to prevent downstream flooding impacts. Water quality benefits may be
achieved with extended detention of the runoff volume from the water quality design storm.
* The primary purpose of the detention basin is the attenuation of stormwater runoff peaks.
« Detention basins should be designed to control runoff peak flow rates of discharge for
the 1 year through 100 year events.
« Inflow and discharge hydrographs should be calculated for each selected design storm.
Hydrographs should be based on the 24-hour rainfall event.
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PROFILE

« Basins should be designed to provide water quality treatment storage to capture the computed
runoff volume of the water quality design storm.
« Detention basins should have a sediment forebay or equivalent upstream pretreatment.
The forebay should consist of a separate cell that is offline (so as to not resuspend
sediment, formed by an acceptable barrier and will need periodic sediment removal.

363-0300-002 / December 306 Page 174 of 257



Pennsylvania Stormwater Best Management Practices Manual Chapter 6

« A micropool storage area should be designed where feasible for the extended detention
of runoff volume from the water quality design storm.
» Flow paths from inflow points to outlets should be maximized.

Variations
Sub-surface extended detention

Extended detention storage can also be provided in a variety of sub-surface structural elements, such
as underground vaults, tanks, large pipes or other structural media placed in an aggregate filled bed in
the soil mantle. All such systems are designed to provide runoff peak rate mitigation as their primary
function, but some pollutant removal may be included. Regular maintenance is needed, since the
structure must be drained within a design period and cleaned to assure detention capacity for
subsequent rainfall events. These facilities are usually intended for space-limited applications and are
not intended to provide significant water quality treatment.

* Underground vaults are typically box shaped underground stormwater storage facilities
constructed of reinforced concrete, while tanks are usually constructed of large diameter metal
or plastic pipe. They may be situated within a building, but the use of internal space is
frequently not cost beneficial.

« Storage design and routing methods are the same as for surface detention basins.
» Underground vaults and tanks do not provide water quality treatment and should be
used in combination with a pretreatment BMP.

* Underground detention beds can be constructed by excavating a subsurface area and filling
with uniformly graded aggregate for support of overlying land uses.

» This approach may be used where space is limited but subsurface infiltration is not
feasible due to high water table conditions or shallow soil mantle.

» As with detention vaults and tanks, this facility provides minimal water quality treatment
and should be used in combination with a pretreatment BMP.

* Itis recommended that underground detention facilities not be lined to allow for even
minimal infiltration, except in the case where toxic contamination is possible.

Applications
. Low Density Residential Development
. Industrial Development
. Commercial Development
. Urban Areas

Design Considerations
1. Storage Volume, Depth and Duration

a. Extended detention basins should be designed to mitigate runoff peak flow .rates.b. An

emergency outlet or spillway which is capable of conveying the spillway design flood (SDF)

should be included in the design. The SDF is usually equal to the 100-year design flood

c. Extended detention basins should be designed to treat the runoff volume produced by
the water quality design storm.
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d. Extended Detention Basins are designed to achieve a specified detention time. Details
on the detention time are outlined in Chapter 3.

e. The lowest elevation within an extended dry detention basin should be at least 2 feet
above the seasonal high water table. If high water table conditions are anticipated, then
the design of a wet pond, constructed wetland or bioretention facility should be
considered.

2. Dry Extended Detention Basin Location

a. Extended detention basins should be located down gradient of disturbed or developed
areas on the site. The basin should collect as much site runoff as possible, especially
from the site’s impervious surfaces (roads, parking, buildings, etc.).

b. Extended detention basins should not be constructed on steep slopes, nor should slopes
be significantly altered or modified to reduce the steepness of the existing slope, for the
purpose of installing a basin.

c. Extended detention basins should not worsen the runoff potential of the existing site by
removal of trees for the purpose of installing a basin.

d. Extended detention basins should not be constructed in areas with high quality and/or
well draining soils, which are adequate for the installation of BMPs capable of achieving
stormwater infiltration.

e. Extended detention basins should not be constructed within jurisdictional waters,
including wetlands.

3. Basin Sizing and Configuration

a. Basins should be shaped to maximize the length of stormwater flow pathways and
minimize short-circuited inlet-outlet systems. Basins should have a minimum width of 10
feet. A minimum length-to-width ratio of 2:1 is recommended to maximize
sedimentation.

b. Irregularly shaped basins are encouraged and appear more natural.

c. If site conditions inhibit construction of a long, narrow basin, baffles constructed from
earthen berms or other materials can be incorporated into the pond design to “lengthen”
the stormwater flow path. Care should be taken to ensure the design storage capacity is
provided after baffle installation.

d. Low flow channels, if required, should always be vegetated with a maximum slope of 3
percent to encourage sedimentation. Alternatively, other BMPs may be considered such
as wet ponds, constructed wetlands or bioretention.

4. Embankments
a. Embankments should be less than 15 feet in height and should have side slopes no
steeper than 3:1 (H:V).
b. The basin should have a minimum freeboard of 1 foot above the SDF elevation.
5. Inlet Structures
a. Inlet structures to basin should not be submerged at the normal pool depth.

b. Erosion protection measures should be utilized to stabilize inflow structures and
channels.
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6. Outlet Design

a. In order to meet designs storm requirements, dry extended detention basins should have
a multistage outlet structure. Three elements are typically included in this design:

1. A low-flow outlet that controls the extended detention and functions to slowly
release the water quality design storm.

2. A primary outlet that functions to attenuate the peak of larger design storms.

3. An emergency overflow outlet/spillway

b. The primary outlet structure should incorporate weirs, orifices, pipes or a combination of
these to control runoff peak rates for required design storms. Water quality storage
should be provided below the invert of the primary outlet. When routing basins, the low-
flow outlet should be included in the depth-discharge relationship.

c. Energy dissipaters are to be placed at the end of the primary outlet to prevent erosion. If
the basin discharges to a channel with dry weather flow, care should be taken to
minimize tree clearing along the downstream channel and to reestablish a forested
riparian zone between the outlet and natural channel. Where feasible, a multiple orifice
outlet system is preferred to a single pipe.

d. The orifice should typically be no smaller than 2.5 inches in diameter. However, the
orifice diameter may be reduced to 1 inch if adequate protection from clogging is
provided.

e. The hydraulic design of all outlet structures should consider any tailwater effects of
downstream waterways.

f.  The primary and low flow outlet should be protected from clogging by an external trash
rack.

7. Sediment Forebay

a. Forebays should be incorporated into the extended detention design. The forebay
storage volume is included for the water quality volume requirement.

b. Forebays should be vegetated to improve filtering of runoff, to reduce runoff velocity, and
to stabilize soils against erosion. Forebays are typically constructed as shallow marsh
areas and should adhere to the following design criteria:

1. Itis recommended that forebays have a minimum length of 10 feet.

2. Storage should be provided to trap the anticipated sediment volume produced
over a period of 2 years.

3. Forebays should be protected from the erosive force of the inflow to prevent
resuspension of previously collected sediment during large storms (typically
constructed offline).
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8. Vegetation and Soils Protection

a. Care should be taken to prevent compaction of in situ soils in the bottom of the extended
detention basin in order to promote healthy plant growth and to encourage infiltration. If
soils compaction is not prevented during construction, soils should be restored as
discussed in BMP 6.7.3 — Soils Amendment & Restoration.

b. Itis recommended that basin bottoms be vegetated in a diverse native planting mix to
reduce maintenance needs, promote natural landscapes, and increase infiltration
potential. Vegetation may include trees, woody shrubs and meadow/wetland
herbaceous plants.

c. Woody vegetation should not be planted on the embankments or within 25 feet of the
emergency overflow spillway.

d. Meadow grasses or other deeply rooted herbaceous vegetation is recommended on the
interior slope of embankments.

e. Fertilizers and pesticides should not be used.

9. Special Design Considerations
a. Ponds that have embankments higher than 15 feet, have a drainage of more than 100
acres or will impound more that 50 acre-feet of runoff during the high-water condition will
be regulated as dams by PADEP. The designer shall consult Pennsylvania Chapter 105
to determine which provisions may apply to the specific project in question.
b. Extended detention ponds should not be utilized as recreation areas due to health and
safety issues. Design features that discourage access are recommended.

Detailed Stormwater Functions
Peak Rate Mitigation

Inflow and discharge hydrographs should be calculated and routed for each design storm.
Hydrographs should be based on a 24-hour rainfall event.
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Water Quality Improvement

Water quality mitigation is partially achieved by retaining the runoff volume from the water quality
design storm for a minimum prescribed period as specified in Chapter 3. Sediment forebays should be
incorporated into the design to improve sediment removal. The storage volume of the forebay may be
included in the calculated storage of the water quality design volume.

Construction Sequence

1. Install all temporary erosion and sedimentation controls.

a. The area immediately adjacent to the basin must be stabilized in accordance with the
PADEP’s Erosion and Sediment Pollution Control Program Manual (2000 or latest
edition) prior to basin construction.

2. Prepare site for excavation and/or embankment construction.
a. All existing vegetation should remain if feasible and should only be removed if necessary
for construction.
b. Care should be taken to prevent compaction of the basin bottom.
c. If excavation is required, clear the area to be excavated of all vegetation. Remove all
tree roots, rocks, and boulders only in excavation area
Excavate bottom of basin to desired elevation (if necessary).
Install surrounding embankments and inlet and outlet control structures.
Grade subsoil in bottom of basin, taking care to prevent compaction. Compact surrounding
embankment areas and around inlet and outlet structures.
Apply and grade planting soil.
Apply geo-textiles and other erosion-control measures.
Seed, plant and mulch according to Planting Plan
Install any anti-grazing measures, if necessary.

akrw

©CoOoN®

Maintenance Issues

Maintenance is necessary to ensure proper functionality of the extended detention basin and should
take place on a quarterly basis. A basin maintenance plan should be developed which includes the
following measures:

« All basin structures expected to receive and/or trap debris and sediment should be inspected for
clogging and excessive debris and sediment accumulation at least four times per year, as well
as after every storm greater than 1 inch.

» Structures include basin bottoms, trash racks, outlets structures, riprap or gabion
structures, and inlets.

» Sediment removal should be conducted when the basin is completely dry. Sediment should be
disposed of properly and once sediment is removed, disturbed areas need to be immediately
stabilized and revegetated.

* Mowing and/or trimming of vegetation should be performed as necessary to sustain the system,
but all detritus should be removed from the basin.

» Vegetated areas should be inspected annually for erosion.

« Vegetated areas should be inspected annually for unwanted growth of exotic/invasive
species.

» Vegetative cover should be maintained at a minimum of 95 percent. If vegetative cover
has been reduced by 10%, vegetation should be reestablished.

363-0300-002 / December 3M06 Page 179 of 257



Pennsylvania Stormwater Best Management Practices Manual Chapter 6

Cost Issues

The construction costs associated with dry extended detention basins can range considerably. One
recent study evaluated the cost of all pond systems (Brown and Schueler, 1997). Before adjusting for
inflation from 1997, the cost of dry extended detention ponds can be estimated with the equation:

C = 12.4v0.760
Where:

C = Construction, Design and Permitting Cost

V = Volume needed to control the 10-year storm (cubic feet)
Using this equation, a typical construction costs (1997) are:
$ 41,600 for a 1 acre-foot pond

$ 239,000 for a 10 acre-foot pond

$ 1,380,000 for a 100 acre-foot pond

Dry extended detention basins utilizing highly structural design features (rip-rap for erosion control, etc.)
are more costly than naturalized basins. There is an installation cost savings associated with a natural
vegetated slope treatment which is magnified by the additional environmental benefits provided. Long-
term maintenance costs are reduced when more naturalized approaches are utilized due to the ability
of native vegetation to adapt to local weather conditions and a reduced need for maintenance, such as
mowing and fertilization.

Normal maintenance costs can be expected to range form 3 to 5 percent of the construction costs on
an annual basis.

These costs don't include the cost or value of the property.
Specifications

The following specifications are provided for information purposes only. These specifications include
information on acceptable materials for typical applications, but are by no means exclusive or limiting.
The designer is responsible for developing detailed specifications for individual design projects in
accordance with the project conditions.

1. Site Preparation
a. All excavation areas, embankments, and where structures are to be installed shall be
cleared and grubbed as necessary, but trees and existing vegetation should be retained
and incorporated within the dry detention basin area where possible.

b. Where feasible, trees and other native vegetation should be protected. A minimum 10-
foot radius around the inlet and outlet structures can be cleared to allow construction.
Any cleared material should be used as mulch for erosion control or soil stabilization.
Care should be taken to prevent compaction of the bottom of the reservoir. If
compaction should occur, soils should be restored and amended.

e o

2. Earth Fill Material & Placement
a. The fill material should be taken from approved designated excavation areas. It should
be free of roots, stumps, wood, rubbish, stones greater than 6 inches, or other
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objectionable materials. Materials on the outer surface of the embankment must have
the capability to support vegetation.

b. Areas where fill is to be placed should be scarified prior to placement. Fill materials for
the embankment should be placed in maximum 8-inch lifts. The principal spillway
should be installed concurrently with fill placement and not excavated into the
embankment.

c. The movement of the hauling and spreading equipment over the site should be
controlled. For the embankment, each lift should be compacted to 95% of the standard
proctor. Fill material should contain sufficient moisture so that if formed in to a ball it will
not crumble, yet not be so wet that water can be squeezed out.

3. Embankment Core

a. The core should be parallel to the centerline of the embankment as shown on the plans.
The top width of the core should be at least four feet. The height should extend up to at
least the 10-year water elevation or as shown on the plans. The side slopes should be 1
to 1 or flatter. The core should be compacted with construction equipment, rollers, or
hand tampers to assure maximum density and minimum permeability. The core should
be placed concurrently with the outer shell of the embankment.

4. Structure Backfill

a. Backfill adjacent to pipes and structures should be of the type and quality conforming to
that specified for the adjoining fill material. The fill should be placed in horizontal layers
not to exceed four inches in thickness and compacted by hand tampers or other
manually directed compaction equipment. The material should fill completely all spaces
under and adjacent to the pipe. At no time during the backfilling operation should driven
equipment be allowed to operate closer than four feet to any part of the structure.
Equipment should not be driven over any part of a concrete structure or pipe, unless
there is a compacted fill of 24 inches or greater over the structure or pipe.

b. Structure backfill may be flowable fill meeting the requirements of the PADOT Standard
Specifications for Construction. Material should be placed so that a minimum of 6
inches of flowable fill should be under (bedding), over and, on the sides of the pipe. It
only needs to extend up to the spring line for rigid conduits. Average slump of the fill
material should be 7 inches to assure flowability of the mixture. Adequate measures
should be taken (sand bags, etc.) to prevent floating the pipe. When using flowable fill
all metal pipe should be bituminous coated. Adjoining soil fill should be placed in
horizontal layers not to exceed 4 inches in thickness and compacted by hand tampers or
other manually directed compaction equipment.

c. Refer to Chapter 220 0f PennDot Pub. 408 (2000).

5. Rock Riprap
a. Rock riprap should meet the requirements of Pennsylvania Department of
Transportation Standard Specifications.

6. Stabilization
a. All borrow areas should be graded to provide proper drainage and left in a sightly
condition. All exposed surfaces of the embankment, spillway, spoil and borrow areas,
and berms should be stabilized by seeding, planting and mulching.

7. Operation and Maintenance
a. An operation and maintenance plan in accordance with Local or State Regulations will
be prepared for all basins. As a minimum, a dam and inspection checklist should be
included as part of the operation and maintenance plan and performed at least annually.
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BMP 6.6.4: Water Quality Filters & Hydrodynamic Dev ices

Inlet Grae
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Tregtment Area

A broad spectrum of BMPs have been designed to remove
non point source pollutants from runoff as a part of the runoff
conveyance system. These structural BMPs vary in size and
function, but all utilize some form of settling and filtration to
remove particulate pollutants from stormwater runoff, a difficult
task given the concentrations and flow rates experienced.
Regular maintenance is critical for this BMP. Many water
quality filters, catch basin inserts and hydrodynamic devices
are commercially available. They are generally configured to
remove particulate contaminants, including coarse sediment,

Primary Quilat
{Treated Waler)

oil and grease, litter, and debris.

Key Design Elements

* Choose a device that (collectively) has the hydraulic capacity to
treat the design storm

* Evaluation of the device chosen should be balanced with cost
* Hydraulic capacity controls effectiveness

- Most useful in small drainage areas (< 1 Acre)

- Ideal in combination with other BMPs

* Regular maintenance is necessary

Potential Applications

Residential: Yes
Commercial: Yes
Ultra Urban: Yes
Industrial: Yes
Retrofit: Yes
Highway/Road: Yes

Stormwater Functions

Volume Reduction: None

Recharge: None

Peak Rate Control: None
W ater Quality: Medium

Water Quality Functions

TSS: 60%
TP: 50%
NO3: 20%

Other Considerations

« See Manufacturers specifications for estimated pollutant removal efficiencies.
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Description

Water Quality Inlets are stormwater inlets that have been fitted with a proprietary product (or the
proprietary product replaces the catch basin itself). They are designed to reduce large sediment,
suspended solids, oil and grease, and other pollutants, especially pollutants conveyed with sediment
transport. They can provide “hotspot” control and reduce sediments loads to infiltration devices. They
are commonly used as pretreatment for other BMPs. The manufacturer usually provides the
mechanical design, construction, and installation instructions. Selection of the most appropriate device
and development of a maintenance plan should be carefully considered by the Designer.

The size of a water quality inlet limits the detention time and the hydraulic capacity influences the
effectiveness of the water quality insert. Most products are designed for an overflow in large storm
events, which is necessary hydraulically and still allows for a “first flush” treatment.

Regular maintenance according to application and manufacturer’'s recommendations is essential for
continued performance.

Variations
Tray types
Allows flow to pass through filter media that is contained in a tray located around the perimeter of the

inlet. Runoff enters the tray and leaves via weir flow under design conditions. High flows pass over the
tray and into the inlet unimpeded.

CATCH BASMN

363-0300-002 / December 306 Page 184 of 257



Pennsylvania Stormwater Best Management Practices Manual Chapter 6

Bag types

Insert is made of fabric and is placed in the drain inlet around the perimeter of the grate. Runoff passes
through the bag before discharging into the drain outlet pipe. Overflow holes are usually provided to
pass larger flows without causing a backwater at the grate. Certain manufactured products include
polymers intended to increase pollutant removal effectiveness.

\_ REMOVABLE

FILTER BASKET

Basket types

The insert consists of “basket type” insert that sets into the inlet and has a handle to remove basket for
maintenance. Small orifices allow small storm events to weep through, while larger storms overflow the
basket. Primarily useful for debris and larger sediment, and requires consistent and frequent
maintenance.
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Simple, “sumps” in inlets

Chapter 6

Space created in inlets below the invert of the pipes for sediment and debris to deposit, usually leaving

6-inches to 12-inches at the bottom of an inlet. Small weep holes should

be drilled into the bottom of

the inlet to prevent standing water for long periods of time. Regular maintenance is required.
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Description - Hydrodynamic Devices

Hydrodynamic Devices are not truly inserts, but separate flow through devices designed to serve in

concert with inlets and storm sewer. A variety of products are available
The primary purpose is to use various methods to remove sediments an

from different manufacturers.
d pollutants. These methods

include baffle plate design, vortex design, tube settler design, inclined plate settler design
or a combination of these. Ideally, the flow through device should remove litter, oil, sediment, heavy

metals, dissolved solids and nutrients. Removal ability varies as a resu

It of loading rate and design.

Clays and fine silts do not easily settle out unless they are coagulated with some kind of chemical

addition or polymer. These devices work most effectively in combination
pre-treatment or as a final treatment at the end of a pipe.
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with other BMPs, either as a
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Applications

Any existing or proposed inlet where the contributing runoff may contain significant levels of sediment
and debris, for example: parking lots, gas stations, golf courses, streets, driveways, industrial or
commercial facilities, and municipal corporation yards. Commonly used as pretreatment before other
stormwater BMPs.

Design Considerations

1. Match site considerations with manufacturer’s guidelines/specifications (i.e. land use will
determine specific pollutants to be removed from runoff).

2. Prevent re-suspension of particles by using small drainage areas and good maintenance.
3. Retrofits should be designed to fit existing inlets.
4. Placement should be accessible to maintenance.

5. If used as part of Erosion & Sedimentation Control during construction, insert should be
reconfigured (if necessary) per manufacture’s guidelines.

6. Overflow should be designed so that storms in excess of the device’s hydraulic capacity bypass
the treatment and is treated by another quality BMP.

Detailed Stormwater Functions

Volume Reduction Calculations
N/A

Peak Rate Mitigation Calculations
N/A

Water Quality Improvement
See manufacturers specifications and tests.

Construction Sequence

1. Stabilize all contributing areas before installing and connecting pipes to these inlets.

2. Follow manufacturer’s guidelines for installation. Do not use water quality inserts during
construction unless product is designed primarily for sediment removal. (Some products have
adsorption components that should be installed post-construction.)

Maintenance Issues
Follow the manufacturer’s guidelines for maintenance, also taking into account expected pollutant load

and site conditions. Inlets should be inspected weekly during construction. Post-construction, they
should be emptied when over half full of sediment (and trash) and cleaned at least twice a year. They
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should also be inspected after runoff events. Maintenance is
crucial to the effectiveness of this BMP. The more frequent a
water quality insert is cleaned, the more effective it will be. One
study (Pitt, 1985) found that WQI’s can store sediment up to 60%
of its sump volume, and after that, the inflow resuspends the
sediments into the stormwater. Some sites have found keeping a
log of sediment amount date removed helpful in planning a
maintenance schedule. Environmental Technology Verification
(ETV) Program and the Technology Acceptance and Reciprocity
Partnership (TARP) may be available to assist with the
development of a monitoring plan. These programs are detailed
in Section 6.3.

Disposal of removed material will depend on the nature of the drainage area and the intent and function
of the water quality insert. Material removed from water quality inserts that serve “Hot Spots” such as
fueling stations or that receive a large amount of debris should be handling according to DEP
regulations for that type of solid waste, such as a landfill that is approved by DEP to accept solid waste.
Water quality inserts that primarily catch sediment and detritus from areas such as lawns may reuse the
waste on site.

Vactor trucks may be an efficient cleaning mechanism.

Winter Concerns: There is limited data studying cold weather effects on water quality insert
effectiveness. Freezing may result in more runoff bypassing the treatment system. Salt stratification
may also reduce detention time. Colder temperatures reduce the settling velocity of particles, which
can result in fewer particles being “trapped”. Salt and sand are significantly increased in the winter, and
may warrant more frequent maintenance. Sometimes freezing makes accessing devices for
maintenance difficult

Cost Issues

Check with manufacturers for current prices.

Specifications

Follow manufacturer’s instructions and specific specifications.
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6.7 Restoration BMPs
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BMP 6.7.1: Riparian Buffer Restoration

Chapter 6

A riparian buffer is a permanent area of trees and shrubs
located adjacent to streams, lakes, ponds, and wetlands.
Riparian forests are the most beneficial type of buffer for
they provide ecological and water quality benefits.
Restoration of this ecologically sensitive habitat is a
responsive action to past activities that may have
eliminated any vegetation.

Key Design Elements

* Reestablish buffer areas along perennial, intermittent, and
ephemeral streams

* Plant native, diverse tree and shrub vegetation

* Buffer width is dependant on project preferred function (water
quality, habitat creation, etc.)

* Minimum recommended buffer width is 35’ from top of stream
bank, with 100’ preferred.

* Create a short-term maintenance and long-term maintenance
plan

* Mature forest as a vegetative target

- Clear, well-marked boundary

Potential Applications

Residential: Yes
Commercial: Yes
Ultra Urban: Yes

Industrial: Yes
Retrofit: Yes
Highway/Road: Limited

Stormwater Functions

Volume Reduction: Medium
Recharge: Medium
Peak Rate Control: Low/Med.
W ater Quality: Med./High

Water Quality Functions

TSS: 65%
TP: 50%
NO3: 50%
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Description

The USDA Forest Service estimates that over one-third of the rivers and streams in Pennsylvania have
had their riparian areas degraded or altered. This fact is sobering when one considers the important
stormwater functions that riparian buffers provide. The non-structural BMP, Riparian Forest Buffer
Protection, addresses the importance of protecting the three-zone system of existing riparian buffers.

The values of riparian buffers — economic, environmental, recreational, aesthetic, etc. — are well
documented in scientific literature and numerous reports and thus will not be restated here in this BMP
sheet. Rather, this BMP serves to provide a starting point for the designer that seeks to restore the
riparian buffer. Important reports are cited consistently throughout this section and should be
mentioned upfront as sources for additional information to a designer seeking to restore a riparian
buffer. The first, the Chesapeake Bay Riparian Handbook: a Guide for Establishing and Maintaining
Riparian Forest Buffers was prepared by the US Department of Agriculture (USDA) Forest Service for
the Chesapeake Bay Program in 1997. The second, the Pennsylvania Stream RelLeaf Forest Buffer
Toolkit was developed by the Alliance for the Chesapeake Bay specifically for the Pennsylvania
streams in 1998. A third and often-referenced report, is the Riparian Forest Buffers series written by
Robert Tjaden for the Maryland Cooperative Extension Service in 1998.

Riparian buffers are scientifically proven to provide a number of economic and environmental values.
Buffers are characterized by high species density, high species diversity, and high bio-productivity as a
transition between aquatic and upland environments. Project designers should take into account the
benefits or services provided by the buffer and apply these to their project goals. Priorities for riparian
buffer use should be established early on in the planning stages. Some important considerations when
establishing priorities are:

« Habitat — Restoring a buffer for habitat enhancement will require a different restoration strategy
than for restoring a buffer for increased water quality.

e Stream Size — A majority of Pennsylvania’s stream miles is comprised of small streams (first,
second, and third order), which may be priority areas to reduce nutrients. Establishing riparian
buffers along these headwater streams will reduce the high nutrient loads relative to flow
volumes typical of small streams.

» Continuous Buffers - Establishing continuous riparian forest buffers in the landscape should
be given a higher priority than establishing larger but fragmented buffers. Continuous buffers
provide better stream shading and water quality protection, as well as corridors for the
movement of wildlife.

» Degree of Degradation — Urban streams are usually buried or piped. Streams in areas without
forests, such as pastures, may benefit the most from buffer restoration, as sources of headwater
streams. Highly urbanized/altered streams may not be able to provide high levels of pollution
control.

e Loading Rates - The removal of pollutants may be highest where nutrient and sediment loading
are the highest.

e Land Use — Adjacent land uses will influence Buffer Width and Vegetation types used to
establish a riparian buffer. While the three-zone riparian-forested buffers described earlier are
the ideal, they may not always be feasible to establish, especially in urban situations.

Preparation of a Riparian Buffer Restoration Plan is critical to ensuring long-term success of the project
and should be completed before any planting is to occur. It is essential that site conditions are well
understood, objectives of the landowner are considered, and the appropriate plants chosen for the site,
tasks that are completed in the planning stages. Below is a summary of the nine steps that are
recommended for the planning stages of a buffer restoration project.
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1. Obtain Landowner Permission and Support
Landowner commitment is essential for the success of the project. Landowners must be aware
of all maintenance activities that will occur once buffer is planted.

2. Make Sure Site is Suitable for Restoration
If streambanks are extensively eroded, consider an alternative location. Rapidly eroding
streambanks may undermine seedlings. Streambank restoration may need to occur prior to
riparian buffer restoration. Obtain professional help in evaluating the need for streambank
restoration.

3. Analyze Site’s Physical Conditions
The most important physical influence of the site is the soil, which will control plant selection.
Evaluate the soil using the County soil survey book to determine important soil characteristics
such as flooding potential, seasonal high water table, topography, soil pH, soil moisture, etc.
Also, a simple field test can suffice, with direct observation of soil conditions.

4. Analyze Site’s Vegetative Features
Existing vegetation present at the restoration site should be examined to determine the strategy
for buffer establishment. Strategies will differ for various pre-restoration conditions such as
pasture, overgrown abandoned field, mid-succession forest, etc.

« Identify Desirable Species: Native tree and shrub species that thrive in riparian habitats
in Pennsylvania should be used. These species should be identified in the restoration
site and protected for their seed bank potential. Several native vines and shrubs
(blackberry, Virginia creeper, and spicebush) can provide an effective ground cover
during establishment of the buffer, though they should be selectively controlled to
minimize herbaceous competition.

» ldentify Undesirable Species: Consider utilizing undesirable species such as the black
locust for their shade function during buffer establishment. Consider controlling invasive
plants prior to buffer planting.

« Identify Sensitive Species: Since riparian zones are rich in wildlife habitat and wetland
plant species to be aware of any rare, threatened or endangered plant (or animal)
species.

5. Draw a Map of the Site (Data collection)
Prepare a sketch of the site that denotes important existing features, including stream width,
length, streambank condition, adjacent land uses and stream activities, desired width of buffer,
discharge pipes, obstructions, etc.

6. Create a Design that Meets Multiple Objectives
Ideally, the three-zone system should be incorporated into the design, in a flexible manner to
obtain water quality and landowner objectives.

» Consider landowner objectives: Consider the current use of the buffer by the landowner,
especially if the buffer will be protected in perpetuity. Consider linking the buffer to an
existing (or planned trail system).

» Buffer width: Riparian buffer areas do not have a fixed linear boundary, but vary in
shape, width, and vegetative type and character. The function of the buffer (habitat,
water quality, etc) is the overriding criterion in determining buffer width (Figure 1). Many
factors including slope, soil type, adjacent land uses, floodplain, vegetative type, and
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water shed condition influence what can be planted. The most commonly approved
minimum buffer widths for water quality and habitat maintenance are 35 —100 feet.
Buffers less than 35 feet do not protect aquatic resources long term.

Figure 1

-_-nbank stabilization and Aquatic food web
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« Consider costs: The planting design (density, type, mix, etc.) will ultimately be based on
the financial constraints of the project. See discussion below for estimating direct costs
for planting and maintenance.

* Choose the appropriate plants: This manual encourages the use of native plants in
stormwater management facilities. Since they are best suited to our local climate, native
species have distinct genetic advantages over non-native species. Ultimately using
native plants translates into greater survivorship with less replacement and maintenance
which is a cost benefit to the landowner. Please refer to the plant list in Appendix B for a
comprehensive list of native trees and shrubs available for stormwater management
facility planting.

Plant Size: Choice of planting stock (seeds, container seedling, bare-root seedlings, plugs, etc.) is

ultimately determined by funding resources. Larger material will generally cost more, although it will
usually establish more rapidly.
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7. Draw a Planting Plan
Planting Density: Trees should be planted at a density sufficient to provide 320 trees per acre
at maturity. To achieve this density, approximately 436 (10 x 10 feet spacing) to 681 (8 x 8 feet
spacing) trees per acre should be planted initially. Some rules of thumb for tree spacing and
density based on plant size at installation:

Seedlings
Bare Root Stock
Larger & Container

6-10 feet spacing (~700 seedlings / acre)
14-16 feet spacing (~200 plants / acre)
16 — 18 feet spacing (~150 plants/acre)

Formula for Estimating Number of Trees and Shrubs:
# Plants = length x width of corridor (ft) / 50 square feet

This formula assumes each tree Spacing| Trees |Spacing| Trees |Spacing| Trees
will occupy an average of 50 sq. (feet) | (humber)] (feet) |(humberi| (feet] | (number)
ft., random placement of plants %:g L féafg ;}:fl% Eg; E::‘Ig ggé
appro>§|mately 10 feet apoart, and Aud > 722 s 513 19320 e
mortality rate of up to 40/0'[th Aws 2 176 7x15 15 12325 145
can be absorbed by the growing Aub 1.815 Sx8 551 13x13 255
forest system. A3y 1.556 dxd B0S 13x15 223
4 x5 1.361 Sx10 H44 1320 163
Alternatively, the adjacent table f}fl?:l :II -g;g g}{:‘é gg; Exﬁ ;g
can be utilized to estimate the e T o i s S
number of trees per acre needed e 1 450 = =T 1420 ==
for various methods of spacing. Su7 1 245 Q0 a4 1425 124
Planting Layout: Given planting Exf 1,089 D12 403 18x%15 194
density and mix, drawing the Sxd 268 dxl5 323 15:20 145
planting plan is fairly %10 871 10x10 436 15425 116
- GG 1,210 10312 363 16x16 170
stralghtforw?]rdthhe ﬁ""?n Clan Bx7 1037 | 10w15 290 16%20 £
vary from a highly technica Byl 203 1018 242 16325 109
drawn to scale plan, or a simple 53 807 11x11 360 18x15 134
line drawing of the site. Any plan Gx10 T2E 11x12 330 15820 121
must show the site with areas Bxl2 G005 11:15 254 158:25 I
denoted for trees and shrub 23{1?5 ‘E‘SS 1 :I' Hgg :‘Igg gg Eg 1:3[?!?
H H i i
species with notes for plant o =g 510 =00 T =0

spacing and buffer width.

8. Prepare Site Ahead of Time

Existing site conditions will determine the degree of preparation needed prior to planting.
Invasive infestation and vegetative competition are extremely variable, and therefore must be
considered in the planning stages. Site preparation should begin in the fall prior to planting.
Enlist professional to determine whether use of chemical controls are necessary to prepare site
for planting. Eliminate undesired species with either herbicide application (consult a
professional) or physical removal. If utilizing a highly designed planting layout, mark site ahead
of time with flags, spray paint, or other markers so that the appropriate plant is put in the right

place.

9. Determine Maintenance Needs

An effective buffer restoration project should include management and maintenance guidelines,
including a description of the allowable uses in the various zones of the buffer. Buffer
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boundaries should be well defined with clear signs or markers. Weed control is essential for the
survival and rapid growth of trees and shrubs, and can include any of the following:

e Organic mulch

« Weed control fabrics

e Shallow cultivation

* Pre-emergent herbicides
*  Mowing

Non-chemical weed control methods are preferred since chemicals can easily enter the water
system. If possible, avoid working in the riparian area between April 15 and August 15, the mating
and newborn period for local wildlife.

Variations
See Applications

Applications
. Forested Landscape
. Agricultural Landscape
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. Suburban / Developing Landscape

Urtan
Walkway

Parks-Flaygrounds

Urban Riparian Forest Buffer
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Design Considerations

The considerations listed below should all be taken into account during the planning stage. There are
many potential threats to the long-term viability of riparian plant establishment and with proper
foresight, these problems can be eliminated or addressed.

1. Deer Control

a. Look for signs of high deer densities, including an overgrazed understory with a browse
line 5-6 feet above the ground.

2. Tree Shelters

a. Recommended for riparian plantings where deer predation or human intrusion may be a
problem.

Plastic tubes that fit over newly planted trees that are extremely successful in protecting
seedlings.

Protect trees from accidental strikes from mowing or trimming

Create favorable microclimate for seedlings

Secure with wooden stake and place netting over top of tree tube

Remove tree shelters 2 to 3 years after plants emerge

c

~® Qo0

3. Stream Buffer Fencing

a. Deer can jump fences up to 10 feet high, preferring to go under barriers.

b. Farm animals cause greatest damage to stream banks — consider permanent fencing
like high-tensile smooth wire fencing or barbed fencing.

c. The least expensive is 8 foot plastic fencing, which are effective against deer and easily
repaired.

4. Vegetation
a. Consider using plants that are able to survive frequent or prolonged flooding conditions.
Plant trees that can withstand high water table conditions. Figure 5 shows tree species

that fit into the moisture conditions of a streamside area.
b. Sail disturbance can result in unanticipated infestation by invasive plants.
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Figure 5. Sample Planting Recommendatians According to Maistura Conditons
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Construction Sequence

The PA Stream Releaf project provides a checklist that can substitute for a construction sequence for
riparian buffer restoration. A slightly modified version follows:

1. SELECT SITE

« Confirm site is suitable for restoration
e Obtain landowner permission

2. ANALYSE SITE

« Evaluate site’s physical conditions (soil attributes, geology, terrain)

« Evaluate site’s vegetative features (desirable and undesirable species, native species,
sensitive habitats)

e Sketch or map site feature

3. DESIGN BUFFER

Consider landowner objectives in creating buffer design

Determine desired functions of buffer in determining buffer width

Match plant species to site conditions (hardiness zone, moisture, soil pH)

Match plant Species to objectives of buffer functions (water quality, wildlife, recreation,
etc.)

e Match plant sizes to meet budget limitations

» Develop sketch of planting plan

4. PREPARE SITE

« Eliminate undesirable species ahead of planting date
* Mark planting layout at the site
e Purchase plants and planting materials (mulch, tree shelters)

5. SITE PLAN SHOULD INCLUDE:

» Site map with marked planting zones

« Plant species list

* Planting directions (spacing, pattern of planting)
* Equipment/tool list

» Site preparation directions

* Maintenance schedule

6. PLANTING DAY
» Keep plants moist and shaded

* Provide adequate number of tools
* Document with photos of site during planting
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7. SITE MAINTENANCE (additional information below)

« Assign responsibilities watering, weeding, mowing, and maintenance
* Monitor site regularly for growth and potential problems

Maintenance Issues
The riparian buffer is subject to many threats, including:

Browsing

Invasion by exotic species

Competition for nutrients by adjacent herbaceous vegetation
Human disturbance

Pr