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Chapter 1: Introduction

1.1 Project Statement
The purpose of this project is to study how to use and apply Low Impact
Development (LID) methodologies to mimic natural hydrologic patterns and mitigate
flooding issues in the Cool Creek Watershed, an urbanized watershed north of
Indianapolis, Indiana. This project also demonstrates LID practices and provides a
framework for other mid-western cities experiencing flooding.

1.2 Scope
This project consisted of three major phases:
•

The first phase involved the research of project and literature, on the topic of Low
Impact Development, and outlining the data needed for the next phase.

•

The second phase involved collecting and analyzing data and site information about
Cool Creek Watershed.

•

The third phase tested methodologies developed from phases one and two. Phase
three involved planning, programming, and designing two selected sites in Cool
Creek Watershed.

1.3 Significance
Water, particularly stormwater, is an essential resource that should not become a
flooding hazard. It should be adequately recycled to be reused for various purposes such
as urgent supply for water shortage, or irrigation.
Unlike conventional stormwater facilities, LID strategies can profoundly reduce
the flooding problems in Cool Creek Watershed. While doing so, these methodologies
will also enhance the landscape aesthetics, and protect streams, lakes, wetlands, and other
natural aquatic systems from commercial, residential, and industrial site pollutants. LID
can also revive an entire community through landscape improvements, providing
functioning green spaces and recreational grounds and ultimately providing a healthier
quality of living. Although LID has been widely practiced in other regions, it is not as
prevalent in the Midwest.

1.4 Methodology Overview
This project involved four major tasks:
1. Select two sites within Cool Creek Watershed - one that is fully developed and
urbanized, and another that is not.
2. Collect and assemble all necessary data and information such as the land use,
topography, soil map, vegetation, wetlands, riparian areas, stormwater drains, hydrologic
pattern, and surface flow pattern.
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3. Utilize the rainfall model with the gathered numerical information to estimate
runoff volumes and discharge rates. Several models that calculate the rainfall runoff are
available, however in this project the WinTR-55 (Version 1.00.09, last updated 8/5/2009,
NRCS.) was used to estimate the rainfall runoff and discharge rates because the software
is accessible, and expertise in its application is represented in the committee.
4. Apply the estimated result from the previous procedure into the LID designs,
which must also be tested through the same rainfall model; the best product that meets
the proposed expectation was applied in the actual LID design.

1.5 Assumptions
With various codes and guidelines for stormwater management established by
local authorities, conditions must be considered before implementations. There are four
factors to be assumed for this project to be successfully executed.
•

The lands in the city of Carmel, town of Westfield, and parts of Hamilton County
located in the Cool Creek watershed will continue to increase in value as
development and urbanization continues; sustainable stormwater management and
water quality is critically important.

•

Whether privately owned or government-owned, all properties are assumed to be
available for redesign and LID implementation.

•

	
  

When LID technologies are implemented in of Cool Creek Watershed, the majority
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of flooding issues for the entire Cool Creek Watershed will be resolved.
•

The average rates and volume of the rainfall discharged into Cool Creek Watershed
are consistent with years 2008 to 2011.

1.6 Delimitations
•

The actual costs of implementation of LID and management are not identified.

•

The technical issues affecting the current utilities (e.g. power cables, communication
systems), and the comments and opinions from the local residents of the Cool Creek
area concerning the implementation are not addressed in detail.

•

The uncertain stormwater runoff volumes and velocities flowing from outside the
perimeter of the chosen sites will not be factored into the designed plan and
calculations.
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Chapter 2: Low Impact Development Overview

2.1 The Importance of Water Resources
Water resources are critical to our survival. Today, especially in a society that is
constantly developing new building structures, roads, and highways, many of the natural
water bodies have been altered in their locations and functions, and become the source of
problems of many kinds. Water resource problems may include shortage of water supply,
excessive stormwater runoff flooding, and degradation of water quality. These issues
have direct impact to our health and living quality. Therefore, we need to find sustainable
solutions to our water resources to resolve these issues, and to promote better ways to
survive with the nature.

2.2 Impacts of Urbanization
The mitigation of flooding problems is the major concern and discussion topic in
this part of the research. Although many natural factors contribute to flooding and
excessive stormwater runoff, today one of the primary causes of flooding is the
urbanization, a process in which cities’ commercial, industrial, and residential areas
expand and develop to accommodate larger populations. The negative results of

urbanization, including the transition from a native landscape to a built environment,
increases the impervious surface coverage of roads, parking areas, sidewalks, rooftops
and landscaping. These changes reduce, disrupt, or entirely eliminate native vegetation,
upper soil layers, shallow depressions, and native drainage patterns that intercept,
evaporate, store, slowly convey, and infiltrate stormwater (Coffman, 2000) (see Figure
2.2.1. and Figure 2.2.2.).
Stormwater, rainwater, or melted snow is absorbed through pervious areas, it fills
and is filtered by the aquifers, or flows out to streams and rivers (Sipes, 2010). The
pervious areas decrease when impervious areas increase or expand due to developments
preventing the stormwater being absorbed by the ground. Eventually, the stormwater
overwhelms storm drains, sewer systems, and drainage ditches, and therefore, causes
problems downstream such as flooding and erosion. Erosion caused problems like habitat
destruction, changes in the stream flow hydrograph (a graph demonstrating the flow rate
of a stream over a period of time), stress on combined sewer overflows, infrastructure
damage, and contaminated streams, rivers, and coastal water (EPA, 2011). Currently, the
northern part of Cool Creek Watershed is about to be developed, and will soon encounter
many of the issues mentioned above.
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Figure 2.2.1. Water budget for pre-development forests. (Hinman, 2005, Low Impact Development:
Technical Guidance Manual for Puget Sound.)

Figure 2.2.2. Water budget for typical suburban development. (Hinman, 2005, Low Impact Development:
Technical Guidance Manual for Puget Sound.)
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2.3 Introduction of Low Impact Development
2.3.1 What is LID?
The Low Impact Development Technical Guidance Manual For Puget Sound
(Hinman, 2005) states that Low Impact Development (LID) is “a stormwater
management and land development strategy applied at the parcel and subdivision scale
that emphasizes conservation and use of on-site natural features integrated with
engineered, small-scale hydrologic controls to more closely mimic predevelopment
hydrologic functions,” “site planning and stormwater management are integrated at the
initial design phases of a project to maintain a more hydrological functional landscape.”
(See Figure 2.3.1. and Figure 2.3.2.).
Hydrologic functions including storage, infiltration, and ground water recharge, as
well as the volume and frequency of discharges, are maintained through the use of
integrated and distributed micro-scale stormwater retention and detention areas, reduction
of impervious surfaces, and the lengthening of flow paths and runoff time (Coffman,
2000).
LID stands apart from other approaches through its emphasis on cost-effective,
lot-level strategies that replicate predevelopment hydrology and reduce the impacts of
development. By addressing runoff close to the source, LID can enhance the local
environment and protect public health while saving developers and local governments
money (NRDC, 2001). It is a stormwater management strategy that is much more
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environmentally sensitive than conventional stormwater management. It can achieve
stormwater control through the creation of a hydrologically functional landscape that
mimics the natural hydrologic regime. Coffman (2000) stated, “It is our belief that LID
represents a significant advancement in the state of the art in stormwater management.”

Figure 2.3.1. Pre-development and Existing Conditions in San Francisco. (SFPUC, 2007, Low Impact
Design Toolkit: What will you do with San Francisco’s Stormwater.)
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Figure 2.3.2. Potential LID Additions to Urban Hydrology. (SFPUC, 2007, Low Impact Design Toolkit:
What will you do with San Francisco’s Stormwater?)

Many of the tools used for LID are not new. Perhaps the first recognized
stormwater management by a conveyance system was built in 1970 at Village Homes of
Davis, California. And in the 1980’s, micromanagement practices for reducing water
flows began in European cities (Hinman, 2005).
LID is a relatively recent concept in stormwater management. Since the late
1980s, the Prince George’s County, Maryland 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 (Coffman, 2000).
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The United States Environmental Protection Agency (EPA) in 2000 reported that
several projects have been implemented within the state of Maryland. Some LID
principles are now being applied in other parts of the country, however the use of LID is
relatively infrequent and opportunities are often not thoroughly investigated. Many places
in Canada and Europe have been applying LID strategies. And in United States, places
like Prince George’s County, Portland, Seattle, Chicago, and Milwaukee, are among the
leading implementers of LID. Much of the Midwest has received few benefits from LID.
Therefore, applying LID in other Midwest areas facing similar flooding issues will also
be an interesting concern for research.

2.3.2 LID Goals and Objectives
Coffman (2000) implied that the primary goal of LID methods is “to mimic the
predevelopment site hydrology by using site design techniques that store, infiltrate,
evaporate, and detain runoff.” Using LID techniques can help to reduce off-site runoff
and ensure adequate groundwater recharge. Since every aspect of site development
affects the hydrologic response of the site, LID control techniques focus mainly on site
hydrology.
Other main goals and principles of LID include (Coffman, 2000):

	
  

•

Provide an improved technology for environmental protection of receiving waters.

•

Provide

economic

incentives

that

encourage

environmentally

sensitive
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development.
•

Develop the full potential of environmentally sensitive site planning 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.

•

Encourage flexibility in regulations that allows innovative engineering 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.
The primary stormwater management objective for LID is to control the impacts

of rainfall magnitude and endurance with designed vegetated conditions. However,
different locations provide specific conditions that vary the development practices of LID.
Therefore, in each particular case, the site must be chosen carefully with detailed
attention to its limitations and current situations.
Hinman (2005) suggested that in the higher density setting, comprehensive
application of LID practices is necessary to reduce the hydrologic changes and pollutant
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loads to surface and ground waters where less forest protection area is possible. And in
the design of the Cool Creek Watershed, 65 percent or more of older vegetation would be
preserved to reduce stormwater runoff to accomplish flow control expectations.

2.3.3 Benefits of LID
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. It not only can function to control site hydrology and protect
streams, but also can be aesthetically pleasing (Coffman, 2000).
LID is not one-dimensional; it is a simple approach with multifunctional benefits.
It costs less than conventional stormwater management systems to install and maintain, in
part, because of fewer pipe and below-ground infrastructure requirements (NRDC, 2001).
The LID strategies can also significantly reduce development costs through smart
site design by:
•

Reducing impervious surfaces (roadways), curbs and gutters

•

Decreasing the use of storm drain piping and inlet structures

•

Eliminating or decreasing the size of large stormwater ponds

In some instances, greater lot yield can be obtained using LID techniques,
increasing returns to developers. Reducing site development infrastructure can also
reduce associated project bonding and maintenance costs (Coffman, 2000).
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The associated vegetation offers human "quality of life" opportunities by greening
the neighborhood, and thus contributing to livability, value, sense of place, and aesthetics
(Hinman, 2005). This myriad of benefits includes enhanced property values and
re-development potential, greater marketability, improved wildlife habitat, thermal
pollution reduction, energy savings, smog reduction, enhanced wetlands protection, and
decreased flooding (Hinman, 2005).
LID also protects streams. The development of LID techniques pressured by the
increasing development at Prince George’s County, preserves the rich natural attributes
and streams which border Washington, DC (Coffman, 2000). While in Indiana, many
streams and watersheds, including Cool Creek, have been buried or artificially
channelized. LID practices can revive these streams.

2.3.4 How does LID Work?
According to the previous sections, LID helps control stormwater through the
creation of a hydrologically functional landscape that mimics the natural hydrologic
regime. Implementing a single element of LID is insufficient to imitate the watershed’s
natural hydrologic functions. In order for LID to maximize its functionality, it must be
implemented in a dispersing manner throughout the site so that the net result of multiple
structures can appropriately distribute the water between runoff, infiltration, storage,
groundwater recharge, and evapotranspiration. With the LID approach, receiving waters
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may experience fewer negative impacts in the volume, frequency, and quality of runoff,
so as to maintain base flows and more closely approximate predevelopment runoff
conditions (Coffman, 2000).
These objectives are accomplished by (Coffman, 2000):
•

Minimizing stormwater impacts to the extent possible. Techniques presented
include reducing imperviousness, conserving natural resources and ecosystems,
maintaining natural drainage courses, reducing the use of pipes, and minimizing
site clearing and grading.

•

Providing runoff storage measures dispersed uniformly across a landscape with
the use of a variety of detention, retention, and runoff practices.

•

Maintaining predevelopment time of concentration by strategically routing flows
to reduce 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 hydrological
functional landscape management practices.
LID can work on redevelopment, as well as new development sites. One common

goal of these strategies is to reduce the amount of impervious surface. Streets account for
roughly half of the paved surfaces in many traditional neighborhoods (Sipes, 2010).
Broad application of LID techniques improves the likelihood that the desired outcome of
water resource protection and restoration will be achieved.

	
  

15	
  

2.3.5 Fundamental LID Site Planning Concept
Coffman (2000) identified a few fundamental concepts that “define the essence of
low-impact development technology” and stress “these concepts are so simple that they
tend to be overlooked, but their importance cannot be overemphasized.”
These fundamental concepts include (Coffman, 2000):
•

Using hydrology as the integrating framework

•

Thinking micromanagement

•

Controlling stormwater at the source

•

Using simplistic, nonstructural methods

•

Creating a multifunctional landscape.

LID is very flexible. NRDC (2001) concluded that “it offers a wide variety of
structural and nonstructural techniques to reduce runoff speed and volume and improve
runoff quality,” “it works in constrained or freely open lands, in urban infill or retrofit
projects, and in new developments,” offers “opportunities to apply LID principles and
practices are infinite -- almost any feature of the landscape can be modified to control
runoff (e.g., buildings, roads, walkways, yards, open space)” and “these practices
substantially reduce the impacts of development.”
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2.3.6 Comparing Conventional Stormwater Management with LID Strategies
In some parts of the United States, precipitation is considered to be public domain
because it is such a valuable resource (Sipes, 2010). However, 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.” (Hinman, 2005).
Current site development techniques result in the creation of an efficient
stormwater 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 (Coffman, 2000). The intent is to create a highly
efficient drainage system, which will prevent on-lot flooding, promote good drainage and
quickly convey runoff to a Best Management Practices (BMP) or stream. This runoff
control system decreases groundwater recharge, increases runoff volume and changes the
timing, frequency and rate of discharge. These changes can cause flooding, water quality
degradation, stream erosion and the need to construct end-of-pipe BMP (EPA, 2000).
Coffman (2000) summarized that “LID is a comprehensive technology-based
approach to managing urban stormwater,” that “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,” and that
“the source control concept is quite different from conventional treatment using pipe and
pond stormwater management site design.”
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2.4 Common LID Practices
Understanding various practices of LID is essential to consider, identify, and
select the most suitable technologies to fit the Cool Creek Watershed. In this section,
various LID practices commonly used for stormwater management were examined and
researched for their hydrologic functions and other capabilities such as pollutant removal
efficiency.
LID technology employs microscale and distributed management techniques,
called Integrated Management Practices (IMPs), to achieve desired post-development
hydrologic conditions (Coffman, 2000).
IMPs are the tools used in a LID project for water quality treatment and flow
control. IMP is used instead of BMP (used in a conventional development) because the
controls are integrated throughout the project and provide a landscape amenity in the LID
design (Hinman, 2005). Some IMPs that are suited to low-impact development include:

	
  

a)

Bioretention (rain gardens)

b)

Rain barrels and Cisterns

c)

Vegetated Roofs

d)

Permeable paving

e)

Detention Basins
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a) Bioretention (Rain Gardens)
Bioretention areas (often called rain gardens) are shallow surface depressions
planted with vegetation to capture and treat stormwater runoff from rooftops, streets, and
parking lots (SEMCOG, 2008). It is a practice to treat stormwater by planting soil beds
and materials combined to filter and absorb runoffs (see Figure 2.4.1. and Figure 2.4.2).
Bioretention area is an engineered system that facilitates depression storage,
infiltration, and biological removal of pollutants yet still looks aesthetically pleasing.
They are often placed in parking lot islands, at the edge of paved areas, at the base of
buildings, or in open space areas (NRDC, 2001). Runoff is directed to these low-tech
treatment systems instead of conventional stormwater infrastructure. They are relatively
inexpensive to build, easy to maintain, and can add aesthetic value to a site, without
consuming large amounts of valuable land area (NRDC, 2001).
Key Design Features
•

Flexible in size and infiltration

•

Ponding depths 6-18 inches for drawdown within 48 hours

•

Native plants

•

Provide positive overflow for extreme storm events

Benefits

	
  

•

Volume control and groundwater recharge, moderate peak rate control, filtration

•

Versatile with broad applicability
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•

Enhance site aesthetics, habitat

•

Potential air quality and climate benefits

•

Improves water quality

•

Low installation costs

•

Low maintenance requirements

•

Low space requirements

•

Easily customizable

Limitations
•

Higher maintenance until vegetation is established

•

Limited impervious drainage area

•

Requires careful selection and establishment of plants (SEMCOG, 2008).

Figure 2.4.1. Typical bioretention facility. (Coffman, 2000, Low-Impact Development Design Strategies,
An Integrated Design Approach, 4-10.)
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Figure 2.4.2. Rain garden at Glencoe Elementary School. (SFPUC, 2007, Low Impact Design Toolkit:
What will you do with San Francisco’s Stormwater?)

b) Rain Barrels (Cisterns)
Rain barrels (sometimes called cisterns) are structures designed to intercept and
store runoff from rooftops to allow for its reuse, reducing volume and overall water
quality impairment. Stormwater is contained in the structures and typically reused for
irrigation or other water needs (SEMCOG, 2008). Rain barrels are low-cost, effective,
and easily maintainable retention devices applicable to both residential and commercial/
industrial LID sites. Rain barrels operate by retaining a predetermined volume of rooftop
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runoff (i.e., they provide permanent storage for a design volume); an overflow pipe
provides some detention beyond the retention capacity of the rain barrel. Figure 2.4.3.
and Figure 2.4.4. show a typical rain barrel. Rain barrels also can be used to store runoff
for later reuse in lawn and garden watering, provides an opportunity for water
conservation and the possibility of reducing water utility costs (Coffman, 2000).

	
  
Figure 2.4.3. Typical Rain Barrel. (Coffman, 2000, Low-Impact Development Design Strategies, An
Integrated Design Approach.)
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Figure 2.4.4. Rain Barrel. (www.gardenworms.com.)

Collecting or harvesting rainwater from rooftops has been used for centuries to
satisfy household, agricultural, and landscape water needs. In Seattle, the King Street
Center building harvests approximately 1.2 million gallons of rainwater annually to
supply 60 to 80 percent of the water required for flushing the building’s toilets (EPA,
2011). Rainwater from any type of roofing material can be directed to rain barrels. To be
aesthetically acceptable, rain barrels can be incorporated into the lot’s landscaping plan
or patio or decking design. The size of the rain barrel is a function of the rooftop surface
area that drains to the barrel, as well as the inches of rainfall to be stored. For example,
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one 42-gallon barrel provides 0.5 inch of runoff storage for a rooftop area of
approximately 133 square feet (Coffman, 2000). They are applicable to residential,
commercial, and industrial LID sites. Due to the size of rooftops and the impervious
nature of the drainage area, increased runoff volume and peak discharge rates for
commercial or industrial sites may require larger-capacity cisterns. Individual cisterns
can be located beneath each downspout, or storage volume can be provided in one large,
common cistern (Coffman, 2000).
Variations
•

Rain barrels

•

Cisterns, both underground and aboveground

•

Tanks

•

Storage beneath a surface (using manufactured products)

Key Design Features
•

Small storm events are captured with most structures

•

Provide overflow for large storm events

•

Discharge water before next storm event

•

Consider site topography, placing structure upgradient in order to eliminate
pumping needs

Benefits
•

	
  

Provides supplemental water supply
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•

Wide applicability

•

Reduces potable water use

•

Reduces runoff volume and attenuates peak flows

•

May decrease water usage if retained for irrigation purposes or toilet flushing

•

Low installation costs

•

Low maintenance requirements (for above ground cisterns)

•

Low space requirements (for underground cisterns)

•

Good for sites where infiltration is not an option

Limitations
•

Manages only relatively small storm events which requires additional
management and use for the stored water.

	
  

•

Poor design, sizing, and siting can lead to potential leakage and/or failure

•

Storage capacity is limited

•

Provides no water quality improvements

•

Lower aesthetic appeal (for above ground cisterns)

•

Water reuse options limited to non-potable uses

•

Requires infrastructure (pumps or valves) to use the stored water

•

Inadequate maintenance can result in mosquito breeding and/or algae production
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c) Vegetated Roofs
Vegetated roofs (also known as green roofs and eco-roofs), are roofs that are
entirely or partially covered with vegetation and soils (SFPUC, 2007) (see Figure 2.4.5.).
Vegetated roofs fall into two categories: intensive and extensive. Intensive roofs are
designed with a relatively deep soil profile (6 inches and deeper) and are often planted
with ground covers, shrubs, and trees. Intensive green roofs may be accessible to the
public for walking or serve as a major landscaping element of the urban setting.
Extensive vegetated roofs are designed with shallow, lightweight soil profiles (1 to 5
inches) and ground cover plants adapted to the harsh conditions of the rooftop
environment. This discussion focuses on the extensive design (Hinman, 2005). Extensive
green roofs offer a number of benefits in the urban landscape including: increased energy
efficiency, improved air quality, reduced temperatures in urban areas, noise reduction,
improved aesthetics, extended life of the roof, and central to this discussion, improved
stormwater management (Grant, Engleback and Nicholson, 2003).
Vegetated roofs have been popular in Europe for decades and have grown in
popularity in the U.S. recently as they provide multiple environmental benefits (Coffman,
2000).
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Figure 2.4.5. Green Roof. (www.time2lose.net)

	
  
Benefits
Coffman (2000) stated the following as benefits of vegetated roofs:
•

Provides insulation and can lower cooling costs for the building

•

Extends the life of the roof – a green roof can last twice as long as a
conventional roof, saving replacement costs and materials

•

Provides noise reduction

•

Reduces the urban heat island effect

•

Lowers the temperature of stormwater run-off, which maintains cool stream and
lake temperatures for fish and other aquatic life
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•

Creates habitat and increases biodiversity in the city

•

Provides aesthetic and recreational amenities

•

Improve air quality (up to 85% of dust particles can be filtered out of the air)

•

30-100% of annual rainfall can be stored, relieving storm drains and feeder
streams.

Limitations
•

Poor design or installation can lead to potential leakage and/or roof failure

•

Limited to roof slopes less than 20 degrees (40 percent or a 5 in 12 pitch)

•

Requires additional structural support to bear the added weight

•

Potentially increased seismic hazards with increased roof weight

•

Long payback time for installation costs based on energy savings

•

May attract unwanted wildlife

•

Inadequate drainage can result in mosquito breeding

•

Irrigation may be necessary to establish plants and maintain them during
extended dry periods

•

Vegetation requires maintenance and can look overgrown or weedy, seasonally
it can appear dead

d) Permeable Paving
Permeable pavement refers to any porous, load-bearing surface that allows for
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temporary rainwater storage prior to infiltration or drainage to a controlled outlet. The
stormwater is stored in the underlying aggregate layer until it infiltrates into the soil
below or is routed to the conventional conveyance system (see Figure 2.4.6.). Research
and monitoring projects have shown that permeable pavement is effective at reducing
runoff volumes, delaying peak flows, and improving water quality. Several types of
paving surfaces are available to match site conditions, intended use, and aesthetic
preferences. Permeable pavement systems are most appropriate in areas with low-speed
travel and light- to medium-duty loads, such as parking lots, low-traffic streets, streetside
parking areas, driveways, bike paths, patios, and sidewalks. Infiltration rates of
permeable surfaces decline over time to varying degrees depending on design and
installation, sediment loads, and consistency of maintenance (SFPUC, 2007).
Permeable paving surfaces are designed to accommodate pedestrian, bicycle, and
vehicle traffic while allowing infiltration, treatment, and storage of stormwater. The
general categories of permeable paving systems include:
•

Open-graded concrete or hot-mix asphalt pavement, which is similar to
standard pavement, but with reduced or eliminated fine material (sand and
finer) and special admixtures incorporated (optional). As a result, channels
form between the aggregate in the pavement surface and allow water to
infiltrate.

•

	
  

Aggregate or plastic pavers that include cast-in-place or modular pre-cast
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blocks. The cast-in-place systems are reinforced concrete made with
reusable forms. Pre-cast systems are either high-strength Portland cement
concrete or plastic blocks. Both systems have wide joints or openings that
can be filled with soil and grass or gravel.
•

Plastic grid systems that come in rolls and are covered with soil and grass or
gravel. The grid sections interlock and are pinned in place (Hinman, 2005).

	
  
Figure 2.4.6. Permeable Pavement. (CDOT, 2007, The Chicago Green Alley Handbook: An Action Guide
to Create a Greener, Environmentally Sustainable Chicago.)

	
  
	
  
Benefits

	
  

•

Reduces runoff volume and attenuates peak flows

•

Improves water quality by reducing fine grain sediments, nutrients, organic
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matter, and trace metals
•

Reduces the heat island effect

•

Improves urban hydrology and facilitates

•

Groundwater recharge

•

Provides noise reduction

Limitations
•

Limited to paved areas with slow and low traffic volumes

•

Require periodic maintenance to maintain efficiency

•

Easily clogged by sediment if not correctly installed and maintained

•

More expensive than traditional paving surfaces (although these costs can be
offset by not needing to install a curb and gutter drainage system)

•

Depth to bedrock must be greater than 10 feet for infiltration based systems

•

Difficult to use where soil is compacted: infiltration rates must be at least
0.5 inches per hour

e) Detention Basins
Detention basins are surface (or underground) stormwater structures that provide
temporary storage of stormwater runoff to prevent downstream flooding (SEMCOG,
2008). They store peak flows and slowly release them, lessening the demand on treatment
facilities during storm events and preventing flooding. Generally, detention basins are
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designed to fill and empty within 24 to 48 hours of a storm event and therefore could
reduce peak flows and combined sewer overflows. If designed with vegetation, basins
can also create habitat and clean the air whereas underground basins do not. Surface
detention basins require relatively flat slopes (SFPUC, 2007). Detention basins may be
dry ponds, wet ponds, constructed wetlands, or underground systems (SEMCOG, 2008).
1. Dry ponds are earthen structures that provide temporary storage of runoff and
release the stored volume of water over time to help reduce flooding. They are
constructed either by impounding a natural depression or excavating existing soil, and are
intended to enhance the settlement process in order to maximize water quality benefits,
while achieving reduced runoff volume (SEMCOG, 2008).
2. Wet ponds include a permanent pool for water quality treatment and additional
capacity above the permanent pool for temporary storage. 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, wet ponds can be
effective for pollutant removal and peak rate mitigation (SEMCOG, 2008).
Wet ponds can also provide aesthetic and wildlife benefits. Wet ponds 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 water- bodies. Properly designed and maintained wet ponds
generally do not support significant mosquito populations (SEMCOG, 2008).
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3. Constructed wetlands are shallow marsh systems planted with emergent
vegetation designed to treat stormwater runoff. While they are one of the best BMPs for
pollutant removal, constructed wetlands can also mitigate peak rates and even reduce
runoff volume to a certain degree. They also can provide considerable aesthetic and
wildlife benefits. Constructed wetlands use a relatively large amount of space and may
require an adequate source of inflow if a permanent water surface is maintained. Not all
constructed wetlands maintain a water surface year round (SEMCOG, 2008).

	
  
Figure 2.4.7. Extended Detention Basin. (NJDEP, 2004, New Jersey Stormwater Best Management
Practices Manual.)

	
  

	
  

33	
  

Key Design Features
•

Storage capacity highly dependent on available site area

•

Outlet structure configuration determines peak rate reduction effectiveness

•

Can be used in combination with other IMPs

•

Regular maintenance of vegetation and sediment removal required

•

Natural high groundwater table required for wet ponds and constructed wetlands

•

Relatively impermeable soils or impermeable liner

•

Forebay for sediment collection and removal

•

Dewatering mechanism required for wet ponds and constructed wetlands

•

Stabilized emergency overflow and energy dissipation at all outlets

Benefits
•

Reduces runoff volume and attenuates peak flows

•

Improves air quality

•

Improves urban hydrology and facilitates groundwater recharge

•

Can function as a regional facility treating large volumes of water

•

Creates habitat and increases biodiversity in the city

•

May provide open space, recreation, and aesthetic amenity

•

Improves water quality by removing some particulate matter, sediment and
buoyant materials (extended dry detention only)

•

	
  

Reduces flooding
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•

Low maintenance costs

•

Low space requirements (underground only)

•

Good for sites where infiltration is not an option

•

May create habitat and increases biodiversity in the city (multi-purpose detention
only)

•

May provide open space and aesthetic amenity (multi-purpose detention only)

Limitations
•

High installation costs

•

Requires continuous base flow or use of native wetland plants adapted to
seasonal dry periods

•

Requires large land area which is more difficult in densely populated areas

•

Limited to slopes less than 8 percent

•

Vegetation may require maintenance

•

May act as a heat sink that discharges warmer water to downstream water bodies

•

10 foot minimum separation from ground- water is required to allow for
infiltration, unless the Regional Water Quality Control Board approves
otherwise

	
  

•

Must be a minimum of 10 feet from adjacent building foundations

•

Limited pollution removal potential

•

Inadequate drainage can result in mosquito breeding
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•

Low aesthetic value (unless designed for multi-purpose)

•

Site limited by depth to bedrock and slope

•

Must have no risk of land slippage if soils are heavily saturated, and a sufficient
distance from existing foundations, roads, and sub- surface infrastructure

2.5 Evaluation of LID Effectiveness
2.5.1 LID Hydrologic Evaluation Steps
Coffman (2000) stated that “the purpose of the hydrologic evaluation is to
determine the level of control required to achieve the stormwater management goals for
LID sites,” “the required level of control may be achieved through application of the
various hydrologic tools during the site planning process, the use of IMPs, and
supplemental controls,” “the hydrologic evaluation is performed using hydrologic
modeling and analysis techniques,” “the output of the hydrologic analysis provides the
basis for comparison with the four evaluation measures: runoff volume, peak runoff,
frequency, and water quality control.”
He summarized the LID hydrologic evaluation steps as follows: The hydrologic
evaluation can be performed using various approaches and analytical techniques.
Typically hydrologic evaluation follows a series of steps resulting in defining the needs
for hydrologic control and management:
1. Delineate the watershed and microwatershed areas
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2. Define design storms
3. Define modeling techniques to be employed
4. Compile information for predevelopment conditions
5. Evaluate predevelopment conditions and develop baseline measures
6. Evaluate site planning benefits and compare with baseline
7. Evaluate integrated management practices (IMPs)
8. Evaluate supplemental needs

2.5.2 Hydrologic Evaluation Techniques
A variety of models are available to simulate the rainfall-runoff processes for
watersheds. The selection of the appropriate modeling technique will depend on the level
of detail and rigor required for the application and the amount of data available for setup
and testing of the model results. Five types of simulation models are Hydrologic
Simulation Program- FORTRAN (HSPF), Storm Water Management Model (SWMM),
HEC-1, TR-55/TR-20 and the rational method.
According to size of the site, all necessary information was obtained, and TR-55
was chosen to be the hydrologic evaluation for this project.
TR-55 uses the runoff curve number method and unit hydrographs to convert
rainfall into runoff. TR-55 is an infiltration loss model that uses the runoff curve number
methods and synthetic storm flow hydrograph development to predict peak volume and
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flow rates for a given catchment area. The advantage of applying TR-55 is the
convenience of tables and input parameters included for a wide range of soil and land use
conditions. Also, TR-55 models are widely used by field-level professionals (Coffman,
2000).
WinTR–55 is a single-event rainfall-runoff, small watershed hydrology, computer
program. The model generates hydrographs from both urban and agricultural areas and at
selected points along the stream system. Hydrographs are routed downstream through
channels and/or reservoirs. Multiple sub-areas can be modeled within the watershed
(NRCS, 2001).
Modeling watersheds properly using WinTR–55 requires understanding the
relationship between watershed sub-areas (land areas) and reaches (major flow paths in
the watershed) within the computer program. Figure 2.5.1. and Table 2.5.1. show a
typical watershed with multiple sub-areas and reaches

(USDA, 2009).

A watershed consists of sub-areas and reaches. For each sub-area, a hydrograph is
generated based on land and climate characteristics. Reaches are designated as either
channel reaches, through which hydrographs are routed based on physical stream
characteristics, or as storage reaches, through which hydrographs are routed based on
reservoir storage and outlet characteristics. Sub-area and reach hydrographs are combined
as needed to represent the accumulation of flow as water moves from the upland areas
down through the watershed reach network. The watershed outlet represents the location
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at which all runoff from the watershed is accumulated (USDA, 2009). Reaches define
flow paths through the watershed to its outlet. Each sub-area and reach contributes flow
to the upstream end of a receiving reach or to the outlet (USDA, 2009).

	
  
Figure 2.5.1. Sample Watershed Schematic. (USDA, 2009, Small Watershed Hydrology: WinTR-55 User
Guide.)

	
  

39	
  

	
  
Table 2.5.1. Sample Watershed Flows. (USDA, 2009, Small Watershed Hydrology: WinTR-55 User
Guide.)

	
  
Table 2.5.2. Sample Watershed Flows. (USDA, 2009, Small Watershed Hydrology: WinTR-55 User
Guide.)
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2.6 Limitation and Challenges
There is one particular limitation that many cities and counties have encountered
when implementing LIDs. Many current codes, regulations and policies and counties
simply prohibited the implementation of LIDs. This is about to change due to the vast
updates on the practices to manage stormwater in developing sites (Sipes, 2010).
With very little promotion and limited examples of LID, the general public and
designers may not be familiar with the actual costs of construction, designing and
planning, and operation and maintenance. Therefore, people may hesitate and consider a
familiar technology rather than less familiar methodology. This is a reason that
sustainable communities should be develop so that the general population would have an
opportunity to be educated about LID, to understand its importance (SEMCOG, 2008).
In addition to the lack of research and supporting information about LID, many
questions involve the relative cost, design, maintenance, and lifetime performances.
These questions may only be answered when successful projects have demonstrated the
performance and maintenance requirements of various LID practices and technologies
used in the site. It is necessary to implement and monitor demonstration projects, develop
guidelines for LID practices and ease of understanding, and remove local policies and
regulations which prohibit the use of LID strategies (Hinman, 2005).
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2.7 Conclusion
LID is an alternate approach to harmonize the landscape architecture to the
concepts of multiple functions, aesthetical promotions, usage effectiveness and
recreational opportunities. Unlike the conventional stormwater management,	
  LID mimics
the hydrologic functions of nature to absorb and control the stormwater from the point of
impact, prevent stream pollution, enhance water quality, and increase the stored volume
of ground water. LID consists of more vegetation and green/living structures than metal,
concrete, or plastic structures, making “hard engineering work more like soft
engineering” (UACDC, 2010).
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Chapter 3: The Problem and Its Setting

3.1 Goals and Objectives
The following goals and objectives are guideline for site design and development.
They focus on mitigating flooding issues and negative stormwater impacts affecting the
chosen sites in Cool Creek Watershed. Any other topics beyond that focus would require
future investigation.
The goals of this project are:
1. Prevent measurable harm to Cool Creek from commercial and residential
development and mitigate flooding in downstream area.
2. Utilize LID methodologies to reduce the current surface runoff to replicate the
pre-development hydrologic regime and create functionally equivalent hydrologic
landscapes. Hydrologic functions include: water storage, infiltration, ground water
recharge, and the volume and frequency of discharges.
The impact to receiving waters, and whether the project has achieved the above
goals, are estimated by hydrologic models (WinTR-55).

The design objectives of this project are:
I. Reduce stormwater flow and volume to mitigate flooding.
1) Minimize the environmental impact of development and maximize the surface
area of healthy and clean environments.
a. Reduce impervious surfaces, roadways, curbs, and gutters.
b. Build constructed wetlands, rain gardens, green roofs, bioswales on site.
c. Reduce vehicular emphasis within the site by reducing the width of the roads.
d. Reduce surface parking areas and encouraging parking structures and public
transportation.
2) Decrease the use of storm drain piping and inlet structures.
3) Eliminate or decrease the size of large stormwater ponds.
4) Maximize the number of dwelling units that drain to constructed wetlands, and
distribute the units throughout the site.
5) Collect rainwater from paved roads and roofs.
6) Retain or detain runoff for permanent storage for later release.
II. Protect Cool Creek.
1) Create a vegetated buffer to help reduce stormwater runoff impacts by trapping
sediments and sediment-bound pollutants.
a. Provide infiltration and slowing and dispersing of stormwater flows over a wide
area.
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b. Create a riparian buffer to control stream bank erosion.
2) Inform the public about the importance of protecting the stream and how they can
also be a part of promoting the site.
III. Improve quality of stormwater.
1) Settle pollutants by conveying runoff slowly through vegetated swales and buffer
strips.
2) Filter stormwater using subsurface collection such as cisterns, bio-retention cells,
filter strips, tree box filters, and infiltration trenches.
3) Use pervious materials such as porous concrete, permeable pavers and recycled
permeable materials to help break up or disconnect impervious surfaces.
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3.2 Cool Creek Watershed Introduction
Cool Creek Watershed, a sub-watershed of the White River Watershed in
Indianapolis, drains significant portions of the City of Carmel and the Town of Westfield
(see Figure 3.2.1.). The watershed and corporate boundaries for Carmel and Westfield are
illustrated in Figure 3.2.2.	
   The watershed drains approximately 23.7 square miles, with its
headwaters near 199th Street. Water from Cool Creek flows southeasterly, and into the
White River with major roads such as US 31 and SR 431 running through the watershed.
Within the watershed near Westfield, there are both developed and undeveloped lands,
while in Carmel much is highly urbanized (See Figure 3.2.3.). Other characteristics of the
Cool Creek watershed include the following:
•

Lower watershed mostly developed, upper watershed experiencing rapid
growth

•

Approximately 15 miles of watercourse

•

Approximately 50 – 60% urbanized

•

Impervious area estimate: Urbanized Areas 40 – 50% Overall watershed 20 –
30%
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(Clark Dietz, 2003. “Cool Creek Watershed Management Plan Report.”)	
  

Figure	
  3.2.1.	
  Cool Creek Watershed Location.

	
  
Figure	
  3.2.2.	
  Cool Creek Watershed Division.	
  (Clark Dietz, 2003. “Public Meeting Cool Creek Watershed
Management Plan.”)
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Figure	
  3.2.3	
  Cool Creek Watershed Boundary Map.
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3.3 Problems in Cool Creek Watershed
Problems that Cool Creek has been experiencing include the following (Clarke
Dietz, 2003)(see Figure 3.3.3.):
•

Stream bank erosion (see Figure 3.3.1.)

•

Flooding (see Figure 3.3.2.)

•

Sedimentation

•

Elevated nutrient levels in wet weather runoff

•

Bacteria growth

•

Loss of ecological diversity in riparian area

•

Sewer overflow/bypass problems

With different parts of Westfield being urbanized, the problems listed above may
become profoundly more severe, especially in the downstream areas. Therefore, a more
effective stormwater management such as LID practices should be considered for future
developments to minimize and prevent these issues (Clark Dietz, 2003).
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Figure	
   3.3.1.	
   Cool Creek Watershed Erosion Problem. (Clark Dietz, 2003. “Cool Creek Watershed
Management Plan Report.”)	
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Figure	
  3.3.2.	
  Cool Creek Watershed Flooding Problem.	
  (Clark Dietz, 2003. “Cool Creek Watershed
Management Plan Report.”)
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Figure	
  3.3.3.	
  Cool Creek Watershed Problem Area Map. (Clark Dietz, 2003. “Cool Creek Watershed
Management Plan Report.”)
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3.4 Site Scale Analysis
3.4.1 Developed Site (Site #1)
3.4.1.1 Site #1 Inventory
Site #1 is located between E. 146th Street and E. 151st Street, with Cool Creek
running through and US Highway 31 along the west side. It is about 320 Acres. About
half of the site land use is residential, varying from high to low density. The remainder of
the site is retail stores, including large shopping areas such as Wal-Mart, Hobby Lobby,
Kohl's, and some merchant services (see Figure 3.4.1. and Figure 3.4.2.). The impervious
area takes up about 65% of this site, leading to an increase of surface runoff causing
flooding in downstream residential areas.
Site Specifications:
•

Size: 329 Acres

•

Housing Unit Density:
Low Density Community: less than 4 units per Acre
Medium Density Community: 4-6 dwelling units per Acre
High Density Community: more than 6 dwelling units per Acre

	
  

•

Commercial Space: 22.78 Acres

•

Residential Area: 147 Acres

•

Parking Space: 90.53 Acres
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Figure	
  3.4.1. Site #1 Inventory Photos.

	
  

Figure	
  3.4.2.	
  Site #1 Analysis.	
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3.4.1.2 Site #1 Analysis
A. Site #1 Hydrologic Soil Group
There are mainly Group B and Group C soils on Site #1 (see Figure 3.4.3.). The
soils in the United States are assigned to four groups (A, B, C, and D) and three dual
classes (A/D, B/D, and C/D). The USDA (2007) defines the groups as follows:
Group A. Soils having a high infiltration rate (low runoff potential) when
thoroughly wet. These consist mainly of deep, well drained to excessively drained sands
or gravelly sands. These soils have a high rate of water transmission.
Group B. Soils having a moderate infiltration rate when thoroughly wet. These
soils have a moderate rate of water transmission.
Group C. Soils having a slow infiltration rate when thoroughly wet. These soils
have a slow rate of water transmission.
Group D. Soils with very slow infiltration rate (high runoff potential) when
thoroughly wet. These soils have a very slow rate of water transmission.
Dual Hydrologic Soil Groups. Certain wet soils are placed in Group D based
solely on the presence of a water table within 24 inches of the surface, even though the
saturated hydraulic conductivity may be favorable for water transmission. If these soils
can be adequately drained, then they are assigned to dual hydrologic soil groups (A/D,
B/D, and C/D) based on their saturated hydraulic conductivity and the water table depth
when drained. The first letter applies to the drained condition and the second to the
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undrained condition. For the purpose of hydrologic soil group, adequately drained means
that the seasonal high water table is kept at least 24 inches below the surface in a soil
where it would be higher in a natural state.

	
  
Figure	
  3.4.3.	
  Site #1 Hydrologic Soil Group Map. (NRCS, 2012. Custom Soil Resource Report for
Hamilton County, Indiana.)

	
  
B. Site #1 Surface Flow Pattern and Stormwater Drains
The topography of the site consists of gradual slopes downward from the east and
the west towards the middle of Cool Creek, and a gradual slope downward from north to
south. The highest elevation west of the Creek is 858.41 ft. while the highest elevation
east of the Creek is 840.58 ft. And the lowest elevation in this site is 810 ft., where Cool
Creek leaves the site to the south. Therefore, all stormwater will eventually arrive to the
south point of Cool Creek (see Figure 3.4.4.).
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Figure	
  3.4.4.	
  Site #1 Surface Flow Pattern.

C. Site #1 Sub-watershed Divides and Outlets
According to the surface flow pattern, the site is divided into 10 sub-watersheds
with 10 individual outlets for each sub-watershed. Win TR 55 will be applied on each of
the 10 sub-watersheds to calculate stormwater runoff (see Figure 3.4.5.).

	
  

Figure	
  3.4.5	
  Site #1 Sub-watershed Divides and Outlets.	
  

	
  
D. Site #1 Peak Flow by Rainfall Return Period
Different rainfalls have various characteristics in terms of force, profoundness,
length, and return frequency. Storm events of particular sizes can be used to support
evaluation of designs. Storms with 2- and 10-year return periods are used for smaller
communities, industrial, and commercial development design; the 100-year event is used
to accommodate the limits of floodplains and for greater impacts of major floods
(Coffman, 2000).
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The runoff curve number (CN) is a practical limit used in hydrology for
predicting runoff and infiltration from rainfall excess; it has a range from 30 to 100,
where lower numbers represent low runoff potential while larger numbers are for
increasing runoff potential (USDA, 1986). The lower the CN, the more permeable the
soil is. Because Site #1 is mostly developed, the impervious area takes up 65% of land,
causing higher curve numbers and higher runoff volumes (See Table 3.4.1.).

Table	
  3.4.1.	
  Site #1 Peak Flow by Rainfall Return Period (cfs).

3.4.2 Undeveloped Site (Site #2)
3.4.2.1 Site #2 Inventory
The undeveloped site is located between E. 176th (US Hwy 32) Street and E.
181st Street, with Cool Creek running through and US 31 along its east side. It is about
347 Acres. The majority of the land use is agricultural farmland, some merchant services
such as banks, business contractors, and some amount of residential (see Figure 3.4.7.
and Figure 3.4.8.). According to the Westfield-Washington land use concept map in the
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Westfield and Washington Township Comprehensive Plan (2007), this area will be
developed into an employment corridor along E. 176th Street /US 32, business parks in
the northeast part and a little bit of new suburban residential in the northwest corner (See
Figure 3.4.6.). Currently, the entire site is experiencing some erosion problems and the
downstream residential areas have flooding issues. If this site were to be developed using
traditional methods, flooding problems would likely increase due to the increase of
impervious areas. Therefore, Site #1 is one of the more suitable locations compared to
other areas in the Cool Creek Watershed to apply LID design strategies.

Site Specifications:
•

Size: 347 Acres

•

Location: Between E. 176th (US 32) Street and E. 181st Street, on the west
side of Wheeler Road, Westfield, Indiana

•

Agriculture: 199.72 Acres

•

Housing Unit Density:
Low Density Community: less than 4 units per Acre

	
  

•

Commercial and Industrial Space: 5.9 Acres

•

Residential Area: 2.2 Acres

•

Parking Space: 5.1 Acres
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Terre Bergman, 2007. Westfield-Washington Township Comprehensive Plan.)

Figure	
  3.4.6.	
  Westfield Land Use Concept Plan Showing Site #2. (McBride Dale Clarion,

Site	
  #2

S
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Figure	
  3.4.7. Site #2 Inventory Photos.

	
  

Figure	
  3.4.8.	
  Site #2 Analysis.
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3.4.2.2 Site #2 Analysis
A. Site #2 Hydrologic Soil Group

	
  
Figure	
  3.4.9.	
  Site #2 Hydrologic Soil Group Map. (NRCS, 2012,	
  Custom Soil Resource Report for
Hamilton County, Indiana.)	
  

There are mainly Group B and dual class B/D soils and a few of Group C and D
soils on the site. Refer to 3.3.1.2 Analysis: A. Hydrologic Soil Group to the definitions
for the different hydrologic soil groups (see Figure 3.4.9.).

B. Site #2 Surface Flow Pattern and Stormwater Drains
The topography of the site consists of gradual slopes downward from the east and
the west towards Cool Creek in the middle of the site, and a gradual slope downward
from the north to the south. The highest elevation on the west of the creek is 929.69 ft.,
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and the highest elevation on the east of the creek is 912.40 ft. The lowest elevation is to
the south as 890 ft. Therefore all stormwater will eventually arrive to the south point of
Cool Creek, with a few portions of the stormwater flow towards adjacent sites. See
Figure 3.4.10. for detailed surface flow pattern.

	
  
Figure	
  3.4.10.	
  Site #2 Surface Flow Pattern.

	
  
	
  
C. Site #2 Sub-watershed Divides and Outlets
According to the surface flow pattern, the site is divided into eight sub-watersheds
with eight individual outlets for each sub-watershed (see Figure 3.4.11.). Win-TR 55 will
be applied on each of the eight sub-watersheds to calculate stormwater runoff.
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Figure	
  3.4.11.	
  Site #2 Sub-watershed Divides and Outlets.

	
  

D. Site #2 Peak Flow by Rainfall Return Period

	
  
Table	
  3.4.2.	
  Site #2 Peak Flow by Rainfall Return Period (cfs).

The undeveloped site has a lower CN and stormwater runoff because most of the
land is used for agriculture (see Table 3.4.2.).
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3.5 Conclusions
As illustrated in the analysis, there are significant variations on the existing
condition of Site #1 and Site #2, and therefore designs were prepared according to the
differences. Since Site #1 is a fully developed site, the main focus is to retrofit the LID
practices into the current situation to reduce stormwater runoff and restore the
hydrological functions. In Site #2, the major concern is to retain the hydrologic functions
and existing drainage patterns as much as possible, and maintain or reduce the current
volume of stormwater runoff, while the site undergoes new development.
The goals and objectives described in this section serve as the foundation for this
creative project. The inventory and analysis of the two chosen sites were essential for the
design process. The analyses influenced the design and are incorporated into the design
process for both sites.
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Chapter 4: Planning and Design for Cool Creek Watershed

4.1 Methodology
Using the Low Development Design Strategies: An Integrated Design Approach
(Coffman, 2000) as an example, the methodologies of this creative project were modified
to accommodate the conditions of the Cool Creek Watershed, and the limitations of this
project (duration, time commitment, and the scope of this creative project).
1. General Site Selection
To fully demonstrate LID methodologies under different conditions, two specific
sites were chosen within the Cool Creek Watershed. The first location is in the lower
watershed and represents a site that has been developed, and will seek to retrofit the LID
designs to the current building structures and landscape layout. The second location is in
the upper watershed and represents a site that has not been developed. It seeks to
implement the LID designs from the beginning of the development program. These two
sites will meet the following criteria:
A. Developed Site (Site #1):
•

Includes low, medium, and high-density housing

•

Includes commercial areas

•

Feasibility of access

•

Includes diverse street types, such as highways, arterials and boulevards,
commercial, and residential

•

Susceptible to flooding, or contributes to flooding in downstream areas

•

Currently has no LID implementation

•

Contains available and appropriate spaces for wetlands, retention and detention
ponds, and recreational areas

•

Area sufficient in size to serve as a model that can be adapted in other locations

B. Undeveloped Site:
•

Potential to be urbanized by residential, commercial, industrial and recreational
development

•

Currently has no LID implementation

•

Area sufficient in size to serve as a model that can be adapted in other locations

2. Delineate the watershed and microwatershed areas.
Hydrologic evaluation requires delineation of the drainage area for the overall
study area or site and the subwatersheds contributing to key portions of the site.
Delineation may need to consider previously modified drainage patterns, roads, or
stormwater conveyance systems (Coffman 2000). See documentation in Chapter 3: 3.4
Site Scale Analysis.
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３. Determine design storm(s).
The design storms considered in the analysis should be determined based on the
basic LID philosophy identified. Regulatory requirements for design storms may also be
stipulated in local ordinances, and these may limit or constrain the use of LID techniques
or necessitate that structural controls be employed in conjunction with LID techniques
(Coffman 2000).
The goal of this project is that 100% of rainwater from all rain events 1.33 in. or
less should be stored, infiltrated and/or removed from the stormwater drainage system.
Post-development peak discharge rate should be equal or less than pre-development peak
discharge rate.
Local site design standards require designers to provide detention facilities (ponds)
that temporarily restrict stormwater runoff created by new impervious surfaces (e.g.
roadways, pedestrians, rooftops) that are constructed in new developments, and restrict
the peak discharge to a magnitude below the pre-development condition. Current
detention standards require control of 100-year and 10-year storms. For a given site, the
100-year post-development peak rate of runoff must be restricted to the 10-year
pre-development peak rate. The 10-year post-development flow must be restricted to the
2-year pre-development peak rate. The effectiveness of this policy was evaluated by
using future land use runoff curve numbers in undeveloped or partially developed
subbasins. Storage routing routines were input at the downstream end of these sub-basins

	
  

72	
  

to represent current detention requirements (control of the 100-year and 10-year
post-development flows to 10-year and 2-year pre-development rates, respectively).
4. Modeling technique(s) to be employed.
Data gathering and analysis will depend on the specific type of model selected.
The model selected will depend on the type of watershed, complexity of the site planning
considerations, familiarity of the agency with the model, and level of detail desired.
Certain models use simplified estimation methods, whereas others provide detailed
process-based representation of hydrologic interactions (Coffman 2000).
In this project the WinTR-55 Model (Version 1.00.09, last updated 8/5/2009,
NRCS.) was used to estimate the rainfall runoff and discharge rates because the software
is accessible, and expertise in its application is represented in the committee.
5. Compile information for predevelopment conditions.
Typical information needed for analysis includes area, soils, slopes, land use, and
imperviousness (connected and disconnected) (Coffman 2000). See documentation in
Chapter 3: 3.4 Site Scale Analysis.
6. Evaluate predevelopment conditions and develop baseline measures.
The selected modeling techniques are applied to the predevelopment conditions.
The results of the modeling analysis are used to develop the baseline conditions using the
four evaluation measures (Coffman 2000). See documentation in Chapter 3: 3.4 Site
Scale Analysis.
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7. Develop preliminary site layout plan.
According to the previous site analysis (see documentation in Chapter 3), various
LID practices were researched and studied. And through the fundamental LID site
planning concept (see documentation in Chapter 2), the LID practices were compiled into
one comprehensive, integrated site plan.
8. Compare Pre- and Post development Hydrology.
The hydrologic analysis was conducted to compare the pre- and post-development
site hydrology. The modeling analysis was used to evaluate the cumulative hydrologic
benefit of the site planning process. The comparison is used to identify the remaining
hydrologic control needs. The hydrologic results of this hydrologic evaluation are
compared with the predevelopment conditions to verify that the discharge volume and
peak discharge objectives have been achieved. If not, additional IMPs are located on the
site to achieve the optimal condition.
9. Evaluate supplemental needs.
If after use of IMPs, supplemental control for either volume or peak flow is still
needed, selection and listing of additional management techniques should be considered.
For example, where flood control or flooding problems are a key design objective, or
where site conditions, such as poor soils, or high water table limits the use of IMPs,
additional conventional end-of-pipe methods (e.g., large detention ponds or constructed
wetlands) should be considered. In some cases, these controls can be sized much smaller
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than normal due to the use of LID as part of the management system. The hydrologic
evaluation is used to compare the supplemental management techniques and identify the
preferred solutions (Coffman 2000).
10. Complete LID Site Plan
Based on the results of the hydrologic evaluation, additional stormwater control
requirements of the site are identified, and after comparing pre- and postdevelopment
hydrology, all the stormwater management requirements are met, the site plan can be
completed by incorporating the typical details, plan views, cross sections, etc. (Coffman
2000).
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4.2 Design Outcomes
4.2.1 Site #1: Developed Site
4.2.1.1 Site Planning
Since over 90% of the commercial areas of this particular site are impervious, a
significant quantity of the stormwater runoff leads to the flooding problems downstream.
After the investigation and analysis of the current drainage, surface flow patterns, and
stormwater conveyance systems, the cumulative data was used to determine the
appropriate LID practices accordingly (green roofs, rain gardens, bioswales, permeable
paving, rain barrels, detention ponds, etc.). These practices are distributed throughout the
site and removing the impervious areas to increase the duration of interception,
evaporation, storage, and infiltration of the stormwater (see Figure 4.2.1.).
Bioswales and rain gardens were located in parking lots and on the road sides to
collect stormwater from the ground pavement (see Figure 4.2.4. and Figure 4.2.5.). Green
roofs, rain barrels, and cisterns were used to collect the stormwater from rooftops.
Detention ponds and constructed wetlands were additional management techniques to
accommodate larger quantities of stormwater from the more severe precipitation events.
Such LID practices not only resolve stormwater issues, but provide the green spaces.
These spaces also support recreational uses that promote a sense of community.
The banks of Cool Creek do not contain enough vegetation for effective riparian
buffers. Therefore, riparian buffers were proposed along the banks of Cool Creek to
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protect water quality, reduce stormwater runoff, create a wildlife corridor, and provide a
place for recreational purposes (see Figure 4.2.2. and Figure 4.2.3.). Sidewalks and trails
were also added to connect green spaces with residential and commercial areas, provide
the public a location for recreation, and promote a sustainable lifestyle.
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Figure	
  4.2.1.	
  Site #1 Master Plan.
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Figure	
  4.2.3.	
  Site #1 Riparian Buffer Section.	
  

Figure	
  4.2.2.	
  Site #1 Visitor Center and Constructed Wetland Section.	
  

	
  
Figure	
  4.2.4.	
  Site #1 Parking Lot in Commercial Area.	
  

	
  

	
  
Figure	
   4.2.5.	
   Site #1 Green Street Details. (Nevue Ngan Associates, Sherwood Design Engineers, 2009.
San Mateo County Sustainable Green Streets and Parking Lots Guidebook.)
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4.2.1.2 Site #1 Hydrologic Evaluation

	
  
Table	
  4.2.1.	
  Peak Flow by Rainfall Return Period (cfs) Before and After of Site #1.

After the analysis of pre- and post-development site hydrology using WinTR-55,
the before and after peak flow discharge rates were compiled (see Table 4.2.1.). After the
retrofit, 64% to 72% of the peak flow runoff was reduced. The curve number of the entire
site was also reduced from the former value of 85 to 79, such that the lower curve number
indicates lower runoff potential. From 100% of all rain events 1.33 in. or less are stored,
infiltrated, or removed from the stormwater drainage system. This equates to keeping
95% of all annual rainfall runoff from the combined sewer system.
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4.2.2 Site #2: Undeveloped Site
4.2.2.1 Design Guideline
Since the second site is undeveloped, much of the emphasis in this section is a
series of design guidelines for the process of developing and planning a more sustainable
site. The purpose is to retain the most original form of natural hydrologic patterns and
functions to effectively minimize the negative impacts of stormwater against the new
developments and water resources. The following design guidelines, based on a manual
written by Center for Watershed Protection: A Handbook for Changing Development
Rules in Your Community (CWP, 1998), were modified to fit the current conditions and
needs of Westfield.
1. Street
•

Minimum pavement width for streets in low density residential developments:
18 feet.

•

At higher densities, parking lanes are allowed to also serve as traffic lanes.

•

Street standards should promote the most efficient street layouts that reduce
overall street length.

•

Minimum right of way (ROW) width for a residential street: 45 feet.

•

Minimum radius allowed for cul-de-sacs: 35 feet.

•

A landscaped island can be created within the cul-de-sac to reduce the
impervious surface.
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•

Minimize curb and gutters for residential street sections.

•

Design swales that can provide stormwater quality and quantity treatment.

2. Parking
•

Maximum parking ratio for single family homes: 2 Spaces per dwelling unit.

•

Maximum parking ratio for Shopping Center: 2.5 Spaces per 1000 square feet
Gross Floor Area.

•

Maximum parking ratio for Convenience Store: 2 Spaces per 1000 square feet
Gross Floor Area.

•

Maximum parking ratio for Industrial: 1.5 Spaces per 1000 square feet Gross
Floor Area.

•

Maximum parking ratio for Medical/dental office: 4 Spaces per 1000 square feet
Gross Floor Area.

•

Maximum parking ratio for shopping centers (per 1,000 square feet gross floor
area): 4.5 spaces or less.

•

Maximum parking ratio for single family homes (per home): less than 2.0
spaces.

	
  

•

Allow shared parking arrangements.

•

Minimum stall width for a standard parking space: 9 feet.

•

Minimum stall length for a standard parking space: 18 feet.

•

At least 30% of the spaces at larger commercial parking lots required to have

83	
  

smaller dimensions for compact cars.
•

Pervious materials should be used for spillover parking areas.

•

Minimum percentage of a parking lot required to be landscaped: 10%.

•

Bioretention islands and other stormwater practices should be used within
landscaped areas.

3. Community Design
•

Open space or cluster development should be designed in the community.

•

Land conservation or impervious cover reduction should be a major goal or
objective of the open space design.

•

Allow irregular lot shapes (e.g., pie-shaped, flag lots) in the community.

•

Minimum requirement for front setbacks for a one-half (1⁄2) acre residential lot:
20 feet or less.

•

Minimum requirement for rear setbacks for a one-half (1⁄2) acre residential lot:
25 feet or less.

•

Minimum requirement for side setbacks for a one-half (1⁄2) acre residential lot: 8
feet.

•

Minimum frontage distance for a one-half (1⁄2) acre residential lot: 80 feet.

•

Minimum driveway width specified in the community: 9 feet (one lane) or 18
feet (two lanes).

•

	
  

Pervious materials should be used for single family home driveways.
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•

Shared driveways are permitted in residential developments.

•

Minimum sidewalk width allowed in the community: 4 feet or less.

•

Sidewalks should generally sloped drain to the front yard rather than the street.

4. Buffer Systems
•

The minimum riparian buffer width: 75 feet.

•

Preserve natural vegetation, forest and specimen trees on sites if possible.

•

Prohibits development within the 100-year floodplain.

5. Stormwater Runoff
•

All stormwater required to be treated before discharged.

•

All sites should build LID structures to retain 95% tile stormwater (1.33in) on
site.

•

Minimum bioretention area for parking lot: 40 square feet per vehicle.

•

Minimum bioretention area for rooftop: 110 square feet bioretention per 1000
square feet rooftop.

4.2.2.2 Site Planning
In this design, the existing residential and commercial areas were retained. After
site analysis of the current conditions, the major drainage ways were preserved, and
become the boundary on some parcels. All the parcels were divided according to the
topography, the current surface flow pattern, and future land use (see figure 4.2.6). The
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sizes of parking lots and LID practices to be implemented were determined by the sizes
of building footprint, and land use. The building footprints were added accordingly by
following the design guidelines.
Within this part of the site, a riparian buffer was implemented along the stream
banks of Cool Creek (width of each side not less than 75 in.). In relation to the
topography and the requirement of the parcels, roads were built on top of the ridgeline.
Street trees were placed on both sides of main streets. On the layout of buildings, most
should be located closer to the roads with an intention to disguise the parking lot.
However, some sites require specific drainage and land use needs, so the location of the
buildings and parking lots were adjusted to accommodate the need. A pedestrian trail
system connects the entire site to make the green spaces more accessible, and promote a
sustainable lifestyle to nearby residents.

	
  
Figure	
  4.2.6.	
  Site #2 Parcel Division.
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Figure	
  4.2.7.	
  Site #2 Concept Plan.	
  

4.2.2.3 Site #2 Hydrologic Evaluation

	
  
Table	
  4.2.2.	
  Peak Flow by Rainfall Return Period (cfs) Before and After of Site #2.

By using WinTR-55, the data for pre- and post-development site hydrology was
analyzed and collected (see Table 4.2.2.). According to the land use, surface flow pattern,
soil type, and various LID practices to each individual sub-watershed, the peak flow
discharge rate at some of the sub-watersheds may present a lower result than the
pre-development. However, some sub-watersheds may present a higher result than the
pre-development. Overall, the peak flow of the post-development is reduced compared to
the pre-development. The post-development curve number (83) of the entire site may also
be leveled as the pre-development (82) to be equal，and 100% of all rain events
1.33-inches or less are stored, infiltrated and removed from stormwater drainage system.
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Chapter 5: Conclusions

In Site #1, the LID practices were designed to retrofit the already urbanized
community where residential and commercial areas were fully developed. Such
implementations reduced the total impervious areas, and increased pervious regions to
more effectively absorb stormwater and mitigate current flooding issues. In Site #2, the
design guidelines and ordinances were already established for new developments, so
when the community begins to develop and urbanize, the LID practices will prevent the
negative impacts of stormwater and pollution that affect downstream communities. These
two sites were used as examples for how LID practices implemented throughout Cool
Creek Watershed would significantly resolve current and future flooding issues, and
prevent harmful stormwater impacts.
The research and designs show that benefits of LID practices would not only
significantly reduce stormwater runoff, but minimize stormwater pollutants, provide
areas for green space, and enhance the aesthetic quality of the landscape. However, due
to the scope of this project and the limitations of the rainfall model (WinTR-55), the
actual types of stormwater pollutants and an evaluation of benefits require further
investigation. Since the project’s main purpose was to mitigate flooding, aesthetic aspects

of this research were not fully developed. The runoff volume calculations and related
numerical data were based on assumed conceptual designs for both sites. The real
numeric values of the stormwater reduction effectiveness and capabilities will require
actual implementation and a long-term observation of proposed LID strategies.
There are limitations that set the boundaries of this creative project. The design
guidelines and ordinances of the new development described in Chapter 4 are basic
requirements for LID applications in new development. However, more detailed results
may require further research. The technical issues affecting the current utilities (such as
power cables and communication systems), and the opinions from the local residents of
the Cool Creek Watershed area concerning the implementation, were not addressed in
detail for this project. In order for LID practices to function properly over time,
maintenance and management are extremely critical. The longevity of LID is a topic that
also needs further study. The actual LID implementation costs can be estimated
according to the designed plan; however cost was not a significant focus in this
project. Lastly, a series of LID outreach programs to educate watershed citizens requires
planning and design. Broadcasting to the general public, the local residents, and the
neighboring communities about the recent established LID technologies is essential for
encouraging citizens to take part in this program.
This project demonstrated that designing LID practices into the site can
significantly reduce stormwater runoff, mitigate flooding, decentralize and micromanage
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stormwater at its source, and minimize land disturbance by preserving and replicating the
predevelopment hydrology. With the LID approach, Cool Creek Watershed should
experience fewer negative impacts in the volume, frequency, and quality of runoff. With
the use of reduced impervious surfaces, open channel sections, disconnection of
hydrological flowpaths, and the use of bioretention landscape areas, natural hydrologic
functions and the water balance between runoff, infiltration, storage, groundwater
recharge, and evapotranspiration can be maintained.
This project provides an alternative approach to conventional stormwater
management practices. Such an approach involves environmentally sensitive site
planning and design, incorporating multifunctional site design elements into the
stormwater management plan, and ensuring maximum protection of the ecological
integrity of Cool Creek Watershed.
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