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Preface

Low-impact development (LID) is a radically different approach
to conventional stormwater management. It is our belief that LID
represents a significant advancement in the state of the art in
stormwater management. LID enhances our ability to protect surface
and ground water quality, maintain the integrity of aquatic living
resources and ecosystems, and preserve the physical integrity of
receiving streams. Prince George’s County, Maryland’'s Department
of Environmental Resources has pioneered several new tools and
practices in this field, which strive to achieve good environmental
designs that also make good economic sense. The purpose of this
manual is to share some of our experiences, and show how LID can
be applied on a national level.

The LID principles outlined in these pages were developed over
the last three years specifically to address runoff issues associated
with new residential, commercial, and industrial suburban develop-
ment. Prince George’s County, which borders Washington, DC, is
rich with natural streams, many of which support game fish. Preserv-
ing these attributes in the face of increasing development pressure
was the challenge, which led to the development of LID techniques.

We describe how LID can achieve stormwater control through
the creation of a hydrologically functional landscape that mimics the
natural hydrologic regime. This objective is accomplished by:

* Minimizing stormwater impacts to the extent practicable.
Techniques presented include reducing imperviousness, conserv-
ing natural resources and ecosystems, maintaining natural

drainage courses, reducing use of pipes, and minimizing clearing
and grading.

» Providing runoff storage measures dispersed uniformly through-
out a site’s landscape with the use of a variety of detention,
retention, and runoff practices.
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« Maintaining predevelopment time of concentration by strategi-
cally routing flows to maintain travel time and control the
discharge.

* Implementing effective public education programs to encourage
property owners to use pollution prevention measures and
maintain the on-lot hydrologically functional landscape manage-
ment practices.

LID offers an innovative approach to urban stormwater manage-
ment—one that does not rely on the conventional end-of-pipe or in-
the-pipe structural methods but instead uniformly or strategically
integrates stormwater controls throughout the urban landscape.

We wish to thank the US Environmental Protection Agency for
their encouragement and support of this document. In particular,
Robert Goo and Rod Frederick of EPA's Office of Water, Nonpoint
Source Control Branch. | would also like to acknowledge the
contributions of the many highly dedicated professionals who
contributed to the development of LID technology, especially Dr.
Mow-Soung Cheng and Derek Winogradoff of Prince George’s
County and the Tetra Tech project team led by Dr. Mohammed
Lahlou and including: Dr. Leslie Shoemaker, Michael Clar, Steve
Roy, Jennifer Smith, Neil Weinstein, and Kambiz Agazi.

It is my hope that the release of this manual will stimulate a
national debate on this promising form of stormwater management.
We are currently developing new LID principles and practices
directly applicable to such issues as urban retrofit, combined sewer
overflow, and highway design. This manual represents only the
beginning of a new paradigm in stormwater management. | hope
that you will take up the challenge and work with us to further
develop LID practices.

Larry Coffman, Director

Programs and Planning Division
Department of Environmental Resources
Prince George’s County, Maryland
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Chapter

Introduction

Figure 1-1. Parking lot

bioretention area

The low-impact development (LID) approach combines a hydro-
logically functional site design with pollution prevention measures to
compensate for land develop-
ment impacts on hydrology and
water quality. As shown in
Figure 1-1, a parking lot
bioretention area, LID tech-
niques not only can function to
control site hydrology, but also
can be aesthetically pleasing.
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Low-Impact Development Goals

The primary goal of Low Impact Development methods is to
mimic the predevelopment site hydrology by using site design tech-
niques that store, infiltrate, evaporate, and detain runoff. Use of these
techniques helps to reduce off-site runoff and ensure adequate ground-
water recharge. Since every aspect of site development affects the
hydrologic response of the site, LID control techniques focus mainly
on site hydrology.

There is a wide array of impact reduction and site design tech-
niques that allow the site planner/engineer to create stormwater
control mechanisms that function in a manner similar to that of
natural control mechanisms. If LID techniques can be used for a
particular site, the net result will be to more closely mimic the
watershed’s natural hydrologic functions or the water balance between
runoff, infiltration, storage, groundwater recharge, and evapotranspi-
ration. With the LID approach, receiving waters may experience
fewer negative impacts in the volume, frequency, and quality of runoff,
S0 as to maintain base flows and more closely approximate
predevelopment runoff conditions.

The goals of low-impact development are discussed and demon-
strated throughout the manual. The list below highlights some of the
main goals and principles of LID:

* Provide an improved technology for environmental protection of
receiving waters.

* Provide economic incentives that encourage environmentally
sensitive development.

* Develop the full potential of environmentally sensitive site plan-
ning and design.

* Encourage public education and participation in environmental
protection.

* Help build communities based on environmental stewardship.

¢ Reduce construction and maintenance costs of the stormwater
infrastructure.

* Introduce new concepts, technologies, and objectives for
stormwater management such as micromanagement and multi-
functional landscape features (bioretention areas, swales, and
conservation areas); mimic or replicate hydrologic functions; and
maintain the ecological/biological integrity of receiving streams.
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* Encourage flexibility in regulations that allows innovative engi-
neering and site planning to promote “smart growth” principles.

* Encourage debate on the economic, environmental, and technical
viability and applicability of current stormwater practices and
alternative approaches.

LID is a comprehensive technology-based approach to managing
urban stormwater. Stormwater is managed in small, cost-effective
landscape features located on each lot rather than being conveyed and
managed in large, costly pond facilities located at the bottom of
drainage areas. The source control concept is quite different from
conventional treatment (pipe and pond stormwater management site
design). Hydrologic functions such as infiltration, frequency and
volume of discharges, and groundwater recharge can be maintained
with the use of reduced impervious surfaces, functional grading, open
channel sections, disconnection of hydrologic flowpaths, and the use
of bioretentionf/filtration landscape areas. LID also incorporates
multifunctional site design elements into the stormwater management
plan. Such alternative stormwater management practices as on-lot
microstorage, functional landscaping, open drainage swales, reduced
imperviousness, flatter grades, increased runoff travel time, and
depression storage can be integrated into a multifunctional site design
(Figure 1-2).

Specific LID controls called Integrated Management Practices
(IMPs) can reduce runoff by integrating stormwater controls through-
out the site in many small, discrete units. IMPs are distributed in a
small portion of each lot, near the source of impacts, virtually elimi-
nating the need for a centralized best management practice (BMP)
facility such as a stormwater management pond. By this process, a
developed site can be designed as an integral part of the environment
maintaining predevelopment hydrologic functions through the careful
use of LID control measures. IMPs are defined and described in
Chapter 4, Low-Impact Development Integrated Management Prac-
tices.

LID designs can also significantly reduce development costs
through smart site design by:

* Reducing impervious surfaces (roadways), curb, and gutters
* Decreasing the use of storm drain piping, inlet structures, and

* Eliminating or decreasing the size of large stormwater ponds.
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In some instances, greater lot yield can be obtained using LID
techniques, increasing returns to developers. Reducing site develop-

ment infrastructure can also reduce associated project bonding and
maintenance costs.

Comparing Conventional Stormwater Management
Site Design With Lid Site Design

One paradigm has typically dominated site planning and
engineering—"Stormwater runoff is undesirable and must be removed
from the site as quickly as possible to achieve good drainage.” Current
site development techniques result in the creation of an extremely
efficient stormwater runoff conveyance system. Every feature of a
conventionally developed site is carefully planned to quickly convey
runoff to a centrally located management device, usually at the end of
a pipe system. Roadways, roofs, gutters, downspouts, driveways, curbs,
pipes, drainage swales, parking, and grading are all typically designed
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to dispose of the runoff in a rapid fashion. The magnitude of hydrologic
changes (increases in volume, frequency, and rate of discharge) are
amplified as natural storage is lost, the amount of impervious surfaces is
increased, the time of concentration is decreased, runoff travel times are
decreased, and the degree of hydraulic connection is increased. Typical
conventional site design results in developments devoid of natural
features that decrease travel times and that detain or infiltrate runoff.
Lack of these features often adversely affects the ecosystem.

In contrast, the principal goal of low-impact development is to
ensure maximum protection of the ecological integrity of the receiving
waters by maintaining the watershed'’s hydrologic regime. This goal is
accomplished by creatively designing hydrologic functions into the site
design with the intent of replicating the predevelopment hydrology
and thus having a significant positive effect on stream stability, habitat
structure, base flows, and water quality. It is well documented that
some conventional stormwater control measures can effectively
remove pollutants from runoff. Water quality, however, is only one of
several factors that affect aquatic biota or the ecological integrity of
receiving streams. Fish macroinvertebrate surveys have demonstrated
that good water quality is not the only determinant of biological
integrity. In fact, the poor condition of the biological communities is
usually attributed to poor habitat structure (cover, substrate, or
sedimentation) or hydrology (inadequate base flow, thermal fluxes, or
flashy hydrology). A conclusion that can be drawn from these studies
and from direct experience is that perhaps stormwater pond technol-
ogy is limited in its ability to protect the watershed and cannot repro-
duce predevelopment hydrological functions. With this in mind, LID
can be a way to bridge this gap in protecting aquatic biota and provide
good water quality as well. This manual was developed to provide a
reference and a model for practitioners to use in experimenting with
and applying LID techniques across the nation.

How to Use This Manual

Low-impact development allows the site planner/engineer to use a
wide array of simple, cost-effective techniques that focus on site-level
hydrologic control. This manual describes those techniques and
provides examples and descriptions of how they work. It does not
discuss detailed site planning techniques for the conservation of
natural resources (trees, wetlands, streams, floodplains, steep slopes,
critical areas, etc.). Such site features/constraints are typically ad-
dressed as part of existing county, state, and federal regulations.
Compliance with the existing regulations is the starting point for
defining the building envelope and the use of LID techniques. Once
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Figure 1-3. Major

the basic building envelope has been defined, LID techniques may
provide significant economic incentives to improve environmental
protection and expand upon the conservation of natural resources
areas. The manual has been formatted in a manner that allows the
designer to incorporate LID into a specific building envelope in a
logical step-by-step approach.

For ease of use and understanding, this document has been
divided into six chapters and appendices. A glossary is provided at
the end of the document. Figure 1-3 summarizes the major compo-
nents of the LID approach.

LID Public
Outreach Program
Define public outreach
program objectives
Identify target audience
Develop outreach
materials
Distribute outreach
materials

LID Site Planning
o Define Development
Envelope
e Reduce/Minimize total
site Impervious Areas
e Disconnect Impervious
Areas
e Modify/Increase
Drainage Flow Paths

ThelLID .
Approach

LID Erosion and

Sediment Control

LID Hydrologic Analysis
e Delineate watershed and micro-
watershed areas
o Define design storm
o Define modeling techniques
o Evaluate pre-development
conditions and develop baseline
measures
Evaluate site planning benefits
and compare to baseline
Evaluate integrated
management practices (IMPs)
e Evaluate supplemental needs

LID Integrated
Management Practices
Define hydrologic control

L]
e Planning o Evaluate stie constraints
Components of the e Scheduling of operations e Screen the IMPs
e Soil erosion control o Evaluate most likely IMPs
LID approach e Sediment control o Select IMPs
e Maintenance e Incorporate additional controls
if necessary
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Chapter 1. Introduction

Chapter 2. Low-Impact Development Site Planninghe site
design philosophy and site planning techniques are described and
illustrated in this chapte

Chapter 3. Low-Impact Development Hydrologic Analysignis
chapter provides an overview and general description ddethe
hydrologic principles involved in low-impact development, and
provides guidance on the hydrologic analysis required for the design of
LID sites

Chapter 4. Low-Impact Development Integrated Management
Practices. Selection criteria and descriptions for specific LIIPdMre
provided along with fact sheets onP/

Chapter 5. Erosion and Sediment Control Considerations for
Low-Impact DevelopmentErosion and sediment control and LID
principles are closely interrelated since LID technology can result in
improved erosion and sediment control. Chapter 5 addresses that
relationship.

Chapter 6. Low-Impact Development Public Outreaéhiogram.
Chapter explains why LID approaches require the educaifon
homeowners, landowners, developers, and regulators and offers
suggestions for conducting a successful public outreach program.

Appendix A. Example LID Hydrologic Computation
Appendix B. Sample Maintenance Covenant

Glossay.
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Chapter
Low-Impact Development Site Planning
Introduction
Site planning strategies and techniques provide the means to Lot Yield

achieve stormwater management goals and objectives; facilitate the
development of site plans that are adapted to natural topographic

traints: intain lot vield: intain site hvdroloaic functi - and The total number of
constraints; maintain lot yield; maintain site hydrologic functions; an buildable lots within
provide for aesthetically pleasing, and often less expensive stormwater the development
management controls. Hydrologic goals and objectives should be
incorporated into the site planning process as early as possible.

The goal of LID site planning is to allow for full development of the
property while maintaining the essential site hydrologic functions. This
goal is accomplished in a series of
incremental steps, which are
presented in this chapter. These
steps include first minimizing the
hydrologic impacts created by th
site development through site
design and then providing
controls to mitigate or restore the
unavoidable disturbances to the
hydrologic regime. The hydro-
logic disturbances are mitigated
with the use of an at-source
control approach, in contrast to
the currently used end-of-pipe
control approach. The newer
approach results in the creation
of hydrologically functional
landscapes that preserve and
maintain the essential hydrologic
functions of the development site
and the local watershed.

LID Site Planning  2-1
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