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LOW-IMPACT DEVELOPMENT: AN

INNOVATIVE

ALTERNATIVE APPROACH TO STORMWATER
MANAGEMENT

Chao-Hsien Liaw*, Mow-Soung Cheng** and Yao-Lung Tsai* **

Keywords: Flood mitigation, Low-Impact Development, Stormwater
management.

ABSTRACT

To assist local governments in their efforts to develop more
effective stormwater management programs, an innovative compre-
hensive approach to stormwater management referred to as
Low-Impact Development (LID) has been developed. Low-Impact
Development technology employs microscale and distributed man-
agement techniques. This paper briefly outlines the development of
LID technology and discussesits basic hydrological control principles.
However, LID’s source control techniques are an economical
common sense approach that can be used to better manage new
development or retrofit existing development. We believe that this
new approach is a significant step forward towards advancing the
state-of-the-art of stormwater management and will be a valuable and
useful tool for local governments in their efforts to control urban
runoff.

INTRODUCTION

With urban development relentlessly expanding,
the need for effective stormwater management tech-
nology has never been greater. Responding to regula-
tions or recognizing the need to address the adverse
environmental impacts of urban runoff [1, 2], local
governments are confronted with devel oping complex
multi-objective stormwater management programs [ 3,
4]. Today’s comprehensive program not only has to
deal with runoff quantity and quality control but, may
also have to address such complicated issues as: ecosys-
tem restoration, combined sewer overflow reduction,
fisheries protection, potable surface/ground water
resources protection, and wetland, riparian buffer and
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stream protection. Many practitioners and scholars are
beginning to question the efficacy of current stormwater
management technology to meet these new water/natu-
ral resources protection objectives [5, 6, 7].

Typically, adverse stormwater impacts are miti-
gated by conservation of natural resources (forests,
streams, floodplains and wetlands), zoning restrictions,
increasing open space, structural controls, and
nonstructural controls (pollution prevention, recycling
and hazardous waste collection) to treat and manage
runoff quantity and quality and reduce nonpoint sources.
Many conventional stormwater mitigation approaches
such as management ponds exhibit a number of inherent
practical, environmental and economic limitations [8].
These include the inability to replicate predevelopment
watershed hydrology, elevated water temperatures and
costly maintenance burdens. For example, when
stormwater ponds provide only detention, they do not
change the total volume and frequency of discharge
which may accelerate stream channel erosion changing
stream morphology and adversely affecting aquatic
habitat structure such as pools, riffles and shading needed
to protect the biological integrity of aquatic biota.
Furthermore, we design and construct every site with
one basic overriding goal - to achieve good drainage.
As asiteis developed its hydrologic functions are first
altered on a micro scale. The cumulative impacts of
micro changes result in drastically altered hydrologic
regime which we typically try to mitigate using end-of-
pipe management practices. |f we can design sites to
achieve good drainage, why not design sites with the
opposite objective to maintain predevelopment hydro-
logic functions?

With growing concerns about the economics and
efficacy of conventional technology, exploring alterna-
tive stormwater management practices and strategiesis
needed. The success that was achieved with the
pioneering development and use of bioretention
(filtering/infiltrating runoff within small depressed
landscaped areas) [9] lead them to believe that perhaps
changing the form and function of the developed
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landscape could be an important tool in controlling
urban runoff. In fact, they began to realize that through
intelligent site design, you could not only reduce impacts,
you could also begin to restore hydrologic functions.
What was not known was how much of a watershed’s
hydrologic functions could be restored within a devel-
oped landscape.

It was soon realized that maximizing the effi-
ciency of conventional conservation measures and
stormwater management practices could not reasonably
be used to maintain or restore watershed functions. A
new philosophical approach was needed. The approach
chosen was really an old one. LID’s basic principles
were modeled after and borrowed from nature - manag-
ing rainfall at the source using uniform distribution of
micro-scale controls. If you think of aforest, stormwater
is controlled by a variety of mechanisms (interception
by vegetation, small depression storage, channel storage,
infiltration and evaporation, etc.) that are uniformly
distributed throughout the landscape.

LID triesto mimic these mechanisms by uniformly
distributing small infiltration, storage, retention, and
detention measures throughout the devel oped |andscape.
With LID, every development feature (green space,
landscaping, grading, streetscapes, roads, parking lots)
is designed to reduce impacts or provide/maintain ben-
eficial hydrologic functions.

LID GENERAL

LID controls stormwater at the source by creating
ahydrological functional landscape that mimics natural
watershed hydrology. This is achieved by creatively
integrating hydrologic functions (volume, frequency,
recharge and discharge) into site designs using four
basic planning and design management principles. First,
minimize impacts to the extent practicable by reducing
imperviousness, conserving natural resources/
ecosystems, maintaining natural drainage courses, re-
ducing use of curbs, gutters and pipes, and minimizing
clearing and grading. Second, provide runoff storage
measures dispersed uniformly throughout the landscape
with the use of avariety of small-decentralized detention,
retention, and runoff practices. Third, maintain
predevelopment time of concentration by strategically
routing flows to maintain travel time and control
discharge. Fourth, implement effective public educa-
tion programs to encourage property owners to use
pollution prevention measures and maintain on lot
management practices.

LID BASIC SITE PLANNING STRATEGIES

The first step of LID is to minimize or prevent

runoff. This step is similar to traditional techniques of
maximizing natural resource conservation, limiting
disturbance, and reducing impervious areas. The major
difference iswith LID you must carefully consider how
best to make use of the hydrologic soil groups and site
topography to reduce and control runoff. These consid-
erations include: 1) maintaining natural drainage
patterns, topography and depressions, 2) preserving as
much existing vegetation as possible in pervious soils,
hydrologic soil groups A and B, 3) locating Best
Management Practices (BMP) in pervious soils hydro-
logic soil groups A and B, 4) directing impervious areas
to less pervious soil groups C and D, 5) disconnecting
impervious surfaces to direct and disburse runoff to soil
groups A and B, 6) flattening slopes within cleared
areas to facilitate on-lot storage and infiltration , 7)
re-vegetating cleared and graded areas, and 8) main-
taining travel time to increase infiltration and
evaporation.

LID HYDROLOGIC ANALYSISAND RESPONSE

Suitability of Existing Stormwater M odelsfor Microscale
Simulations

To implement LID concepts on a broad scale,
analysis tools should include some level of process
simulation to take into account site-specific factors that
influence performance. Three types of commonly used
runoff estimation methods are briefly summarized and
discussed below:

1. Rational method

The rational method is probably the most widely
used peak runoff estimation method. Commonly ex-
pressed as Q, = CiA, where Q, isthe peak runoff rate in
cms, A is the area contributing runoff in km?, i is the
rainfall intensity in cm per hour, and C is the runoff
coefficient. The rational method is used to estimate the
peak flow resulting from a given rainfall intensity over
asmall area. The problems and pitfalls associated with
the rational methods are well known. The rational
method does not address the temporal distribution of
runoff or the total storm volume, two important consid-
erationsfor LID systems. Due to the lack of any explicit
information pertaining to soil storage, the rational
method has little to offer LID modeling other than for
rough calculations on the effect of LID on traditional
peak flow calculations.

2. Unit hydrograph

The rational method described above is a special
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case of the Unit Hydrograph (UH) method [10]. The UH
has long and successful history in rainfall/runoff
estimation. The UH is alinear transform function that
is applied to a time series of rainfall, resulting in an
output hydrograph [11, 12]. The ordinates of the UH are
generally obtained from measured sets of rainfall and
runoff. However, hydrologic process information is
only implicitly included in the ordinates of the transform.
They have no direct physical meaning. The UH method
is inadequate for the simulation of controls that are
designed to alter the hydrology. Therefore, UH method,
like the rational method, appears to beill suited for LID
process modeling.

3. Soil Conservation Service (SCS) method

While the SCS method may be characterized as an
extension of UH method [13, 14], it shows more prom-
ise for LID controls because soil moisture storage is
explicitly treated [15, 16, 17]. The SCS method is not
recommended for predicting runoff from small storms.
The SCS method is a popular design tool because it is
sensitive to site-specific conditions, and a great deal of
data (generally based on soils, slope and land use) is
available. Various surface conditions may be simulated
and paired with cost information for further
consideration.

The SCS method is based on dividing precipitation
(P (mm)) into three components, direct runoff (Q),
initial abstraction (I, (mm)), and actual retention (F)
[14]. The following relationship is assumed among
terms and is mathematical expression of the SCS
hypothesis:

gnga (1)

In which Sis the potential maximum retention.
The actual retention is

F(mm) = (P-19 -Q (2)

Substituting Eq. (2) into Eq. (1) and rearranging to
solve for Q:

(P_Ia)2

Q (mm) = P_l.+S (3

Empirical evidence has shown that 1, = 0.25[13,
14, 17]. Substituting this into Eq. (3) yields the basic

equation for calculating the runoff depth, Q, for arain-
fall depth, P.

_(P-029)°
Q="pross @

An empirical analysis was performed to relate the
runoff CN (curve number) and S, for use in Eq. (4).
Hence, an empirical analysis led to the following
relationship:

S(mm) = 2%4,\?0 —254 (5)

The Soil Conservation Service (SCS) also pro-
vides an equation for estimating the watershed lag,
which is defined as the time in hours from the center of
mass of the excess rainfall to the peak discharge. They
also indicate that the time of concentration (t.) equals 1.
67 timesthe lag. Thus, t;in hour is

08,1000 _ o\°’
e (6)
°T 2046/1

in which L is the watershed length (m) and | is the
watershed slope (m/m). Eq. (6) indicates that t. will
increase as the CN is reduced. This change can lead to
alarge arriving time in flood peak.

Due to its widespread use and available soils
database, the SCS method is well suited for initial
screening of LID impacts.

Hydrologic Analysis

The objective of LID site design is to minimize,
detain and retain the post development runoff volume
uniformly throughout the site to mimic predevel opment
hydrologic functions. Uniform dispersion of small on
lot retention and detention to control both runoff
discharge volume and rate is the key to better replica-
tion of predevelopment hydrology. The relative change
in the frequency and duration of runoff are also much
closer to predevel opment conditions than can be achieved
by typical application of conventional BMPs. Manage-
ment of both runoff volume and peak runoff rate is both
included in the design of controls. Thisisin contrast to
conventional end-of-pipe treatment that completely
alters the watershed hydrology to create a new modified
hydrologic regime.

The LID site analysis and design approach focus
on four major elements. These fundamental factors
affect site hydrology and are introduced below.

Curve Number (CN)- A factor that accounts for the
effects of soils and land cover on the amount runoff
generated. Minimizing the magnitude of change from
the predevelopment to the post development CN by
reducing impervious areas and preserving more natural
vegetation will reduce runoff storage requirements and
help to maintain predevelopment runoff volume.

Time of concentration (Tc) - The time it takes
runoff to travel through the watershed. Maintaining the
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Tablel. Low-Impact Development planning techniquesto reduce the post development L ow-I mpact Development CN

Suggested options affecting
curve number

Percent of

Land cover type . .
imperiousness

Hydrologic soils
group impervious area

Disconnectivity of ~ Storage and

Hydrologic condition P~
infiltration

Limit use of sidewalks X
Reduce road length and width X
Reduce driveway length

and width
Conserve natural

resources areas
Minimize disturbance X

Preserve infiltratable soils
Preserve natural

depression areas
Use transition zones X X

Use vegetated swales
Preserve vegetation X

X

x

X
X

X

predevelopment Tc reduces peak runoff rates and can be
achieved by lengthening flow paths, reducing the use of
pipes and paved channels, and conservation of natural
drainage and depression storage.

Permanent storage areas (Retention) - Retention
storage is needed for volume and peak control, as well
as water quality control and to maintain the same CN as
the predevelopment condition.

Temporary storage areas (Detention) - Detention
storage may be needed to maintain the peak runoff rate
or to prevent flooding.

1. Minimizing the changein CN

Calculation of the LID CN is based on a detailed
evaluation of the existing and proposed land cover so
that an accurate representation of the potential for run-
off can be obtained. This calculation requires the
engineer/planner to investigate the following key
parameters associated with LI1D: 1) land cover type, 2)
percentage of and connectivity of impervious cover, 3)
hydrologic soils group (HSG), 4) hydrologic conditions
(average moisture or runoff conditions), and 5) main-
taining existing drainage patterns and natural retention
features.

The following are examples of LID site planing
practices that can be utilized to achieve a substantial
reduction in the change of the calculated CN: 1)
narrower driveways and roads (minimizing impervious
areas), 2) maximized tree preservation and/or forestation,
3) site finger printing (minimal disturbance), open
drainage swales, 4) preservation of soils with high
infiltration rates, 5) location of BMPs on high-infiltra-
tion soils, and 6) construction of impervious features on
soils with low infiltration rates. Reducing the changein

CN alone will reduce both the post development peak
discharge rate and volume. Eq. (5) shows how LID site
planning can affect components of the CN, resulting in
lower CN and more infiltration.

Table 1 provides a list of Low-Impact Develop-
ment site planning practices and their relationship to the
components of the Low-Impact Development CN. Key
low-impact techniques that will reduce the post devel-
opment CN, and corresponding runoff volumes, are as
follows:

Fig. 1 illustrates the hydrologic response using
LID techniques to reduce the impervious areas and
increase the storage volume.
 Hydrograph 1 represents the response of a

predevelopment condition.
» Hydrograph 2 represents the response of a post devel-

1 | Developed Condition
Reduce Q peak

[Reduced Runoff Volume
[Developed Condition with
ILID-CN

Direct RunofQ)

Time(T)

Fig. 1. Effect of Low-Impact Development CN on the post devel opment
hydrograph.
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Table2. Low-Impact Development techniquesto maintain the predevelopment time of concentration

Increase flow path

Low-Impact Minimize disturbance  Flatten grades  Reduce height of slopes (divert and redirect) Increase roughness “n
On-lot bioretention X X
$ | Wider and flatter swales X X
S | Maintain sheet flow X X X X
§ Clusters of trees and X X X
% shrubsin flow path
£ | Provide tree conservation/ X X
$ | transition zones
g Minimize storm drain pipes X X X X X
g Disconnect impervious areas X X X
g | Savetrees X X X
_% Preserve existing topography X X X
- LIID.draJr?age and X X X
infiltration zones
opment condition with no stormwater management A
BMPs. This hydrograph reflects a shorter time of
concentration (Tc), and an increase in total site imper- Semme To 2 Existng
viousness than that of the predevelopment condition. ~ /— pdiion
The resulting hydrograph shows a decrease in the time ¥ | Reduce Qpeak |

to reach the peak runoff rate, a significant increase in
the peak runoff and discharge rate and volume, and
increased duration of the discharge volume.

« Hydrograph 3 represents the resulting post develop-
ment hydrograph using the low-impact techniques to
reduce impervious area and increase storage volume.
There is a reduction in both post development peak
rate and volume.

2. Maintaining the predevelopment Tc

The LID hydrologic evaluation requires that the
post development Tc be close to the predevel opment Tc.
This is important because LID is based on a homog-
enous land cover and distributed retention and detention
of on-site BMPs. The following site planning tech-
niques can be used to maintain the existing Tc: 1)
maintaining predevelopment flow path length by
dispersing and redirecting flows using open swales and
natural or vegetated drainage patterns, 2) increasing
surface roughness (e.g., preserving woodlands,
vegetated swales), 3) detaining flows (e.g., open swales,
bioretention), 4) minimizing disturbances (minimizing
compaction and changes to existing vegetation), 5)
flattening grades in impacted areas, 6) disconnecting
impervious areas (e.g., eliminating curb/gutter and
redirecting down spouts), and 7) connecting pervious
areas to vegetated areas.

Combined use of these techniques to reduce the

—~
< ore Runoff Volume
& e

g edey(_elopment

é’ ondition

- —
A

Time(T)

Fig. 2. Low-Impact Development hydrograph that has a reduced CN and
maintainsthe Tc.

change in the CN can modify runoff characteristics to

effectively shift the post development peak runoff time

toward that of the predevelopment condition.
Fig. 2 illustrates the hydrologic response to main-
tain equal predevelopment and post development Tc.

» Hydrograph 3 refers to Fig. 1.

» Hydrograph 4 represents the effects of the Low-Im-
pact Development techniques to maintain the Tc.
This effectively shifts the post peak runoff time to that
of the predevelopment condition and lowers the peak
runoff rate.

Table 2 identifies Low-Impact Development tech-
niques to maintain the predevelopment Tc.
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PAREAN
) |Provide Storage 5 *
'
g [Using Retention 9 \.
© IBMPs so that the A
g [Predevelopmant '\ Pred
ef [Peak Runoff Rate is o -r - cloped Peak Q
A / Y
7 Y
' ‘\
K 6\
’ N
’ s
- ° T,
Time(T)

Fig. 3. Retention storage required to maintain peak development runoff
rate.

3. Maintaining the predevel opment CN and runoff volume

Once the post development Tc is maintained at the
predevelopment conditions and the change of
predevel opment to post development CN is minimized,
any additional reductions in runoff volume must be
accomplished through distributed on-site stormwater
management techniques. The goal isto select the appro-
priate combination of management techniques that
simulate the hydrologic functions of the predevelopment
condition to maintain existing CN and corresponding
runoff volume. LID design strives to maximize the
runoff use and retention practices distributed through-
out the site to provide the required volume controls at
the source.

Retention storage allows for areduction in the post
development volume and the peak runoff rate. The
increased storage and infiltration capacity of retention
BMPs allow the predevelopment volume to be
maintained. The most appropriate on-lot retention BMPs
include: 1) bioretention cells (rain gardens), 2) infiltra-
tion trenches, and 3) rain barrels. Other possible reten-
tion BMPs include: retention ponds, roof top storage,
cisterns and irrigation ponds. It may be more difficult
to distribute these types of controls throughout a devel-
opment site, but often they are part of the site drainage
patterns and have only to be left untouched.

As retention storage volume is increased thereis a
corresponding decrease in the peak runoff rate in addi-
tion to runoff volume reduction. If a sufficient amount
of runoff is stored, the peak runoff rate may be reduced
to alevel at or below the predevelopment runoff rate.
This storage may be all that is necessary to control the
peak runoff rate when there is a small change in CN.

However, when there is alarge change in CN, it may be
less practical to achieve flow control using volume
control only.

In Fig. 3, hydrograph 5 represents the retention
BMP's inflow hydrograph for the post development
condition for a site using Low-Impact Development
retention BMPs. Because of the BMP’ sretention storage,
runoff is not released until the maximum retention
storage volume is exceeded. Line A representsthe limit
of retention storage. Hydrograph 6 is the outflow
hydrograph from the Low-Impact Development reten-
tion BMPs. The release begins at the limit of retention
storage, represented by line A. The storage maintains
the predevelopment volume and controls the peak run-
off rate. For this situation, the falling limb of the
hydrograph represents a condition where the inflow
(hydrograph 5) equals the outflow (hydrograph 6).

4. Potential requirement for additional detention storage

In cases where very large changes in CN can’'t be
avoided, retention storage practices alone may be either
insufficient to maintain the predevelopment runoff
volume or peak discharge rates or require too much
space to represent a viable solution. In these cases,
additional detention storage will be needed to maintain
the predevelopment peak runoff rates. A number of
traditional detention storage techniques are available
that can be integrated into the site planning and design
process for a LID site. These techniques include: 1)
swales with check dams, restricted drainage pipes, and
inlet/entrance controls, 2) wider lower gradient swales,
3) rain barrels, 4) rooftop storage, 5) shallow parking lot
storage, and 6) constructed wetlands and ponds. These
detention practices can easily be integrated into the site
design features.

The effect of this additional detention storage is
illustrated in Fig. 4.

« Hydrograph 7 represents the response of a post
development condition that incorporates L ow-Impact
Development retention practices. The amount of
retention storage provided is not large enough to
maintain the predevel opment peak runoff discharge
rate. Additional detention storage is required.

e Hydrograph 8 illustrates the effect of providing
additional detention storage to reduce the post devel-
opment peak discharge rate to predevelopment
conditions.

Where down stream flooding is a problem addi-
tional flow control may be necessary to protect property
and ensure safe conveyance. Also, when thereis aneed
to retrofit existing development additional detention
may be needed to control off-site flows using regional
ponds.
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Table 3. Examplesof LID BMPsand primary functions

BMP Prevent runoff Detention Retention Conveyance Water quality  Stream channel protection
Bioretention X X X X
Infiltration trench X X X X
Dry wells X X X
Roof top storage X X X X
Vegetative filter strips X X X
Rain barrels X X X
Vegetated swales and X X X X
small culverts
Swales X X X X
Infiltration swale X X X X X
Reduce imperviousness X X
Strateglc clearing/ X X X
grading
Engineered landscape X X X X X
Fliminate curb and X X X
gutter
Vegetative buffers X X X
4 watershed. This approach is particularly important in
watersheds that are critical for ground water recharge to
protect stream/wetland base flow and ground or surface
water supplies. For each watershed there is a unique
rmde,w- i Detent amount of runoff that must be retained to mimic the
. S e to Reduce Peak Q to be| 1+i H
g ; ejﬁoz}wtof e Sﬁn; natural conditions. W!th LID thg vqlume of runoff to be
g 7§ (Condition controlled changes with each site in order to replicate
g TR TN the natural watershed conditions.
a i LID BEST MANAGEMENT PRACTICES
, Site design techniques and BM Ps can be organized
,:? into three major categories as follows: 1) runoff preven-
3 tion measures designed to minimize impacts and changes

Time(T)

Fig. 4. Effect of additional detention storage on LID retention practices.

DETERMINATION OF DESIGN STORM EVENT

The hydrologic approach of LID is to retain the
same amount of rainfall within the development site as
that retained prior to any development (e.g., woods or
meadow in good condition) and then release excess
runoff as the woods or meadow would have. By doing
S0, it ispossible to mimic, to the greatest extent practical,
the predevelopment hydrologic regime to maximize
protection to aquatic ecosystems and ground water
recharge. This approach allows the determination of a
design storm volume that is tailored to the unique soils,
vegetation, and topographic characteristics of the

in predevelopment CN and Tc, 2) retention facilities
that store runoff for infiltration, exfiltration or
evaporation, and 3) detention facilities that temporarily
store runoff and release through a measured outlet.
Table 3 lists only some of awide array of LID’s BMPs
and their primary functions. Placing these BMPs in
series (treatment train) and uniformly dispersing them
throughout the site provides the maximum benefits for
hydrologic controls.

A more completed list of LID practices (no limits)
includes bioretention/rain gardens, strategic grading,
site finger printing, resource conservation, flatter wider
detention swales, flatter slopes, long flow paths, tree/
shrub depression, turf depression, landscape islands
storage, rooftop detention/retention, roof leader
disconnection, parking lot and street storage, small
culverts/pipes/inlets, alternative surfaces, reduce
impervious surface, surface roughness technology, rain
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barrels/cisterns/water use, catch basin/seepage pits,
sidewalk storage, vegetative swales/buffers/strips, in-
filtration swales/trenches, eliminate curb and gutter,
shoulder vegetation, maximize sheet flow, maintain
flow path, reforestation, pollution prevention, etc. The
list can go on and on.

PUBLIC OUTREACH AND POLLUTION
PREVENTION

Pollution prevention and maintenance of on lot
BMP s aretwo key elementsin the overall LID compre-
hensive approach. Effective pollution prevention
measures can reduce the introduction of pollutants to
LID’s BMPs thereby enhancing their ability to reduce
pollutant levels and extend the life of the facilities.
Public education is essential to successful pollution
prevention and BMP maintenance. Not only will effect
public education complement and enhance BMP
effectiveness, it can also be used as a marketing tool to
attract environmentally conscious buyers, promote
citizen stewardship, awareness and participation in
environmental protection programs and help to build a
greater sense of community based on common environ-
mental objectives and the unique environmental charac-
ter of LID designs.

Education is the key to effective public
participation. With LID techniques all stakeholders
(public officials, engineers, builders, realtors, and
buyers) must be educated about the positive environ-
mental impacts of LI1D and its maintenance savings and
burdens. With LID most controls are integrated into the
lot landscape features therefore, property owners will
need to know how to maintain these features. This can
be achieved through easements, covenants, brochures,
and environmental committees. Although additional
|landscape means more landscape maintenance, there is
no major stormwater infrastructure (ponds, pipes or
structures) to maintain and the scale of the maintenance
is reduced to what an individual property owner can
afford for routine landscape maintenance costs.

Property owners will respond to LID’s landscape
level of control intwo very important ways. First, they
feel good about their property helping to protect the
environment. Second, they believe that the additional
landscape material adds greater value to their property.
Thus, LID’ s controls provide a strong economic incen-
tive to maintain L1D’s practices because property val-
ues are also maintained.

ROAD BLOCKSTOLID

One of interesting results of LID’s on lot micro-
scale approach is that the stormwater management con-

trols become a part of each property owner’s landscape
(natural areas, rain gardens, open space, open swales,
etc). Thisreduces the public burden to maintain large
centralized management facilities and reduces the cost
and scale of maintenance to a level the homeowner can
easily afford - the cost of routine landscape/yard care
and pollution prevention. We believe the economic
incentive of maintaining property values will ensure
most property owners will adequate maintain their L1D
landscape.

There are a number of roadblocks that must be
overcome for the successful implementation of LID.
Regulatory agencies, the development community, and
the public may all have concerns about the use of new
technology. Some of the major concerns include: 1)
development of a hydrologic analytical methodology to
demonstrate the equivalence of LID to conventional
approaches, 2) development of new road standards which
allow for narrow roads, open drainage and use of
bioretention, 3) streamlining the review process for
innovative new L1D designs which allow for easy modi-
fication of site, subdivision, road and stormwater
requirements, 4) development of a public education
process that informs property owners on how to prevent
pollution and maintain on lot LID BMP’s, 5) develop-
ment of legal and educational mechanisms to ensure
BMP maintenance, 6) demonstrating the marketability
of green development, 7) demonstrating the cost ben-
efits of the LID approach, 8) providing training for
regulators, consultants, public and political leaders, 9)
conducting research to demonstrate the effectiveness of
BMP's, and 10) conducting field monitoring data to
demonstrate the effectiveness of LID in controlling
runoff quantity and quality.

CONCLUSIONSAND SUMMARY

LID isaviable cost effective alternative approach
to stormwater management and the protection of natural
resources. LID is designed to provide tangible eco-
nomic incentives to a developer to save more natural
areas and reduce stormwater and roadway infrastructure
costs. LID can achieve greater natural conservation by
using conservation as a stormwater BMP. As more
natural areas are saved less runoff is generated and
stormwater management costs are reduced. This allows
multiple uses of landscape features to achieve
environmental, economic, and aesthetic benefits.

Additionally, developers have economic incen-
tives to provide better environmental protection by
reducing short and long term infrastructure costs by
reducing impervious areas, eliminate curbs/gutters and
stormwater ponds to achieve LID stormwater controls.
Reduction of the infrastructure also reduces infrastruc-
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ture maintenance burdens making LID development
more economically sustainable. Since stormwater man-
agement is controlled on each lot using multifunctional
landscapes, that portion of the building area that would
have been used for stormwater ponds can, in some
cases, be used for additional flood control and used for
building, parking lots, open space or habitat
enhancements.

LID promotes public awareness, education and
participation in environmental protection. As every
property owner’s landscape functions as part of the
watershed, they must be educated on the benefits and
the need for maintenance of the landscape and pollution
prevention measures. LID developments can be de-
signed in a very environmentally sensitive manner to
protect streams, wetlands, forests, and habitat and save
energy. The unique environmental protection objec-
tives of aLID development can create a greater sense of
community pride based on environmental stewardship.

During the development of LID it was learned that
current analytical models such as TR-55 or HEC-1 are
not well suited for use with very small watersheds.
Thereisasignificant amount of work needed to upgrade
current models to better quantify the affects of micro-
scale site design control techniques.
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